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lecture syllabuslecture syllabuslecture syllabuslecture syllabusyyyy
laboratory medicinelaboratory medicine
: : samples samples –– character, preparationcharacter, preparation
:: instrumentation integration and miniaturisationinstrumentation integration and miniaturisation

laboratory medicinelaboratory medicine
: : samples samples –– character, preparationcharacter, preparation
:: instrumentation integration and miniaturisationinstrumentation integration and miniaturisation: : instrumentation, integration and miniaturisationinstrumentation, integration and miniaturisation
: : quality check and controlquality check and control
: : choice of analytical methodchoice of analytical method
:: optimisation approachoptimisation approach

: : instrumentation, integration and miniaturisationinstrumentation, integration and miniaturisation
: : quality check and controlquality check and control
: : choice of analytical methodchoice of analytical method
:: optimisation approachoptimisation approach: : optimisation approachoptimisation approach
: : analytical setanalytical set
: : analytical result expressionanalytical result expression

: : optimisation approachoptimisation approach
: : analytical setanalytical set
: : analytical result expressionanalytical result expression

basic methods and principlesbasic methods and principles
: : colournesscolourness and its analytical use, indicator reactionsand its analytical use, indicator reactions
basic methods and principlesbasic methods and principles
: : colournesscolourness and its analytical use, indicator reactionsand its analytical use, indicator reactionsy ,y ,
: : protein protein determinationdetermination andand enzymatic enzymatic analysisanalysis
: : immunoanalysisimmunoanalysis
:: analysis of nucleic acidanalysis of nucleic acid

y ,y ,
: : protein protein determinationdetermination andand enzymatic enzymatic analysisanalysis
: : immunoanalysisimmunoanalysis
:: analysis of nucleic acidanalysis of nucleic acid: : analysis of nucleic acidanalysis of nucleic acid
: : medical microbiologymedical microbiology
: : analysis of nucleic acidanalysis of nucleic acid
: : medical microbiologymedical microbiology determination of chosen analytesdetermination of chosen analytes

: : case study: determination of ALPcase study: determination of ALP
lb i b bit t di th llb i b bit t di th l

determination of chosen analytesdetermination of chosen analytes
: : case study: determination of ALPcase study: determination of ALP

lb i b bit t di th llb i b bit t di th l: : albumin, barbiturates, sodium, ethanol...albumin, barbiturates, sodium, ethanol...: : albumin, barbiturates, sodium, ethanol...albumin, barbiturates, sodium, ethanol...
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laboratory medicinelaboratory medicinelaboratory medicinelaboratory medicine
I.I.I.I.

: analysis of body fluid component with diagnostical importance: analysis of body fluid component with diagnostical importance: analysis of body fluid component with diagnostical importance: analysis of body fluid component with diagnostical importance

: determination of analytes and metabolites or their groups,: determination of analytes and metabolites or their groups,: determination of analytes and metabolites or their groups,: determination of analytes and metabolites or their groups,

: shelters branches dealing with laboratory diagnostics:: shelters branches dealing with laboratory diagnostics:
li i lli i l h i d bi h i h l di l i bi lh i d bi h i h l di l i bi l
: shelters branches dealing with laboratory diagnostics:: shelters branches dealing with laboratory diagnostics:

li i lli i l h i d bi h i h l di l i bi lh i d bi h i h l di l i bi l

including drug level monitoringincluding drug level monitoringincluding drug level monitoringincluding drug level monitoring

clinical clinical chemistry and biochemistry, haematology, medical microbiology,chemistry and biochemistry, haematology, medical microbiology,
immunologyimmunology

l i ll d d li i l di i lil i ll d d li i l di i li

clinical clinical chemistry and biochemistry, haematology, medical microbiology,chemistry and biochemistry, haematology, medical microbiology,
immunologyimmunology

l i ll d d li i l di i lil i ll d d li i l di i liclassically traded as separate clinical disciplinesclassically traded as separate clinical disciplinesclassically traded as separate clinical disciplinesclassically traded as separate clinical disciplines

researchresearchresearchresearch

diagnosticsdiagnostics therapytherapy
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IFCC definitionIFCC definition
((international federation of clinical chemistryinternational federation of clinical chemistry ) ) 

„„ClinicalClinical chemistrychemistry isis anan applicationapplication ofof
chemicalchemical molecularmolecular andand cellularcellular principlesprinciples
„„ClinicalClinical chemistrychemistry isis anan applicationapplication ofof
chemicalchemical molecularmolecular andand cellularcellular principlesprincipleschemical,chemical, molecularmolecular andand cellularcellular principlesprinciples
andand technologiestechnologies withwith anan aimaim toto understandunderstand
humanhuman healthhealth andand illness,illness, andand toto allowallow theirtheir
classificationclassification PresentationPresentation ofof analysesanalyses

chemical,chemical, molecularmolecular andand cellularcellular principlesprinciples
andand technologiestechnologies withwith anan aimaim toto understandunderstand
humanhuman healthhealth andand illness,illness, andand toto allowallow theirtheir
classificationclassification PresentationPresentation ofof analysesanalysesclassificationclassification.. PresentationPresentation ofof analysesanalyses
resultsresults inin regardregard toto thethe illnessillness causecause andand
healthhealth carecare isis thethe corecore ofof thethe branchbranch.. OnOn thethe
i t fi t f ff l b tl b t dd li ili i

classificationclassification.. PresentationPresentation ofof analysesanalyses
resultsresults inin regardregard toto thethe illnessillness causecause andand
healthhealth carecare isis thethe corecore ofof thethe branchbranch.. OnOn thethe
i t fi t f ff l b tl b t dd li ili iinterfaceinterface ofof laboratorylaboratory andand clinic,clinic,
transformationtransformation ofof suchsuch datadata followsfollows intointo
specificspecific andand generalgeneral informationinformation relatedrelated toto

interfaceinterface ofof laboratorylaboratory andand clinic,clinic,
transformationtransformation ofof suchsuch datadata followsfollows intointo
specificspecific andand generalgeneral informationinformation relatedrelated toto
patientpatient andand illnessillness.. DeepeningDeepening ofof knowledgeknowledge
aboutabout healthhealth andand illnessillness throughthrough basicbasic andand
appliedapplied researchresearch isis thethe tasktask ofof thethe branchbranch..““

patientpatient andand illnessillness.. DeepeningDeepening ofof knowledgeknowledge
aboutabout healthhealth andand illnessillness throughthrough basicbasic andand
appliedapplied researchresearch isis thethe tasktask ofof thethe branchbranch..““pppppppp
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laboratorylaboratory medicinemedicine :: inin EUEU 55 –– 1010 analysesanalyses perper capitacapita perper annumannumlaboratorylaboratory medicinemedicine :: inin EUEU 55 –– 1010 analysesanalyses perper capitacapita perper annumannum

:: thethe worldworld biggestbiggest producerproducer ofof analyticalanalytical datadata
:: touchestouches almostalmost allall analyticalanalytical branchesbranches
:: thethe worldworld biggestbiggest producerproducer ofof analyticalanalytical datadata
:: touchestouches almostalmost allall analyticalanalytical branchesbranches

l b t il b t il b t il b t ilaboratorieslaboratories
: hospital: hospital
: private: private

laboratorieslaboratories
: hospital: hospital
: private: private
: consolidate laboratories: consolidate laboratories
: diagnostic centres : diagnostic centres 
: consolidate laboratories: consolidate laboratories
: diagnostic centres : diagnostic centres 

huge range of analytical activityhuge range of analytical activity
: : incomparable to any other science or industry branchincomparable to any other science or industry branch
huge range of analytical activityhuge range of analytical activity
: : incomparable to any other science or industry branchincomparable to any other science or industry branch
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samplesample
i l b t di ii l b t di i
samplesample
i l b t di ii l b t di iin laboratory medicinein laboratory medicinein laboratory medicinein laboratory medicine

biologicalbiological
i i (bl d b i l li idi i (bl d b i l li id ii d dd d ll j i )j i )

biologicalbiological
i i (bl d b i l li idi i (bl d b i l li id ii d dd d ll j i )j i ): invasive (blood, cerebrospinal liquid, : invasive (blood, cerebrospinal liquid, tissues, tissues, gastrgastroo--duodenduodenalal juice)juice)

: non: non--invasive (saliva, invasive (saliva, urine, faeces, urine, faeces, sputum, breath)sputum, breath)
: invasive (blood, cerebrospinal liquid, : invasive (blood, cerebrospinal liquid, tissues, tissues, gastrgastroo--duodenduodenalal juice)juice)
: non: non--invasive (saliva, invasive (saliva, urine, faeces, urine, faeces, sputum, breath)sputum, breath)

bloodbloodbloodblood

bloodblood == suspensionsuspension ofof cellularcellular particlesparticles inin liquidliquid ((plasmaplasma))

cellularcellular particlesparticles :: bloodblood--cellscells (erythrocytes(erythrocytes andand leukocytes)leukocytes)

bloodblood == suspensionsuspension ofof cellularcellular particlesparticles inin liquidliquid ((plasmaplasma))

cellularcellular particlesparticles :: bloodblood--cellscells (erythrocytes(erythrocytes andand leukocytes)leukocytes)cellularcellular particlesparticles :: bloodblood cellscells (erythrocytes(erythrocytes andand leukocytes)leukocytes)
:: bloodblood--plateletplatelet ((thrombocytesthrombocytes))

bloodblood coagulationcoagulation (off(off bloodblood stream)stream) –– changechange ofof solsol fibrinogenfibrinogen ⇒⇒ insolinsol fibrinfibrin

cellularcellular particlesparticles :: bloodblood cellscells (erythrocytes(erythrocytes andand leukocytes)leukocytes)
:: bloodblood--plateletplatelet ((thrombocytesthrombocytes))

bloodblood coagulationcoagulation (off(off bloodblood stream)stream) –– changechange ofof solsol fibrinogenfibrinogen ⇒⇒ insolinsol fibrinfibrinbloodblood coagulationcoagulation (off(off bloodblood stream)stream) –– changechange ofof solsol.. fibrinogenfibrinogen ⇒⇒ insolinsol.. fibrinfibrin

bloodblood coagulationcoagulation >> solid blood pie + blood serumsolid blood pie + blood serum

bloodblood coagulationcoagulation (off(off bloodblood stream)stream) –– changechange ofof solsol.. fibrinogenfibrinogen ⇒⇒ insolinsol.. fibrinfibrin

bloodblood coagulationcoagulation >> solid blood pie + blood serumsolid blood pie + blood serum

bloodblood serumserum –– similarsimilar toto plasma,plasma, withoutwithout coagulationcoagulation agentsagentsbloodblood serumserum –– similarsimilar toto plasma,plasma, withoutwithout coagulationcoagulation agentsagents
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plasmaplasma andand serumserum

i ti t ff i ii i dd ii dd ii tt

plasmaplasma andand serumserum

i ti t ff i ii i dd ii dd ii ttmixturemixture ofof inorganicinorganic andand organicorganic compoundscompounds inin waterwater

nativenative plasmaplasma –– separatedseparated fromfrom bloodblood--cellscells ofof bloodblood inin containercontainer withwith nonnon--polarpolar

mixturemixture ofof inorganicinorganic andand organicorganic compoundscompounds inin waterwater

nativenative plasmaplasma –– separatedseparated fromfrom bloodblood--cellscells ofof bloodblood inin containercontainer withwith nonnon--polarpolar
surfacesurface (plastic)(plastic) withoutwithout anticoagulantanticoagulantss
:: asas closeclose asas possiblepossible toto whatwhat circulatescirculates inin bloodblood streamstream
surfacesurface (plastic)(plastic) withoutwithout anticoagulantanticoagulantss
:: asas closeclose asas possiblepossible toto whatwhat circulatescirculates inin bloodblood streamstream

plasmaplasma –– fromfrom bloodblood inin containercontainer withwith anticoagulantsanticoagulants

serumserum –– separatedseparated forfor coagulatedcoagulated bloodblood inin containercontainer withwith polarpolar surfacesurface withoutwithout

plasmaplasma –– fromfrom bloodblood inin containercontainer withwith anticoagulantsanticoagulants

serumserum –– separatedseparated forfor coagulatedcoagulated bloodblood inin containercontainer withwith polarpolar surfacesurface withoutwithoutserumserum separatedseparated forfor coagulatedcoagulated bloodblood inin containercontainer withwith polarpolar surfacesurface withoutwithout
anticoagulantsanticoagulants

:: preparationpreparation ofof plasmaplasma isis fasterfaster

serumserum separatedseparated forfor coagulatedcoagulated bloodblood inin containercontainer withwith polarpolar surfacesurface withoutwithout
anticoagulantsanticoagulants

:: preparationpreparation ofof plasmaplasma isis fasterfaster:: preparationpreparation ofof plasmaplasma isis fasterfaster
:: 2020 %% moremore isis gainedgained ofof plasmaplasma thanthan serumserum
:: plasmaplasma lowerslowers thethe riskrisk ofof unwantedunwanted haemolysishaemolysis (in(in serumserum upup toto 1010xx higher)higher)
:: inin serumserum afterafter centrifugationcentrifugation unwantedunwanted secondarysecondary coagulationcoagulation

:: preparationpreparation ofof plasmaplasma isis fasterfaster
:: 2020 %% moremore isis gainedgained ofof plasmaplasma thanthan serumserum
:: plasmaplasma lowerslowers thethe riskrisk ofof unwantedunwanted haemolysishaemolysis (in(in serumserum upup toto 1010xx higher)higher)
:: inin serumserum afterafter centrifugationcentrifugation unwantedunwanted secondarysecondary coagulationcoagulation:: inin serumserum afterafter centrifugationcentrifugation unwantedunwanted secondarysecondary coagulationcoagulation
:: serumserum isis anan artefactartefact
:: nono proteinprotein ELFOELFO inin plasmaplasma ⇒⇒ fibrinogenfibrinogen coco--eluteselutes withwith thethe γγ--globulinesglobulines

ll dd ll h hh h ldld bb hh l dl d

:: inin serumserum afterafter centrifugationcentrifugation unwantedunwanted secondarysecondary coagulationcoagulation
:: serumserum isis anan artefactartefact
:: nono proteinprotein ELFOELFO inin plasmaplasma ⇒⇒ fibrinogenfibrinogen coco--eluteselutes withwith thethe γγ--globulinesglobulines

ll dd ll h hh h ldld bb hh l dl d:: anticoagulantsanticoagulants introduceintroduce ionsions intointo plasmaplasma,, whichwhich couldcould notnot bebe thenthen analysedanalysed
:: lotslots ofof analytesanalytes maskmask andand inhibitinhibit somesome plasmaplasma enzymesenzymes
:: anticoagulantsanticoagulants introduceintroduce ionsions intointo plasmaplasma,, whichwhich couldcould notnot bebe thenthen analysedanalysed
:: lotslots ofof analytesanalytes maskmask andand inhibitinhibit somesome plasmaplasma enzymesenzymes
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urineurineurineurine

lightlight yellowyellow liquidliquid producesproduces byby kidneyskidneys andand excretedexcreted throughthrough urethraurethra andand
urocysturocyst
lightlight yellowyellow liquidliquid producesproduces byby kidneyskidneys andand excretedexcreted throughthrough urethraurethra andand
urocysturocyst

containscontains:: urea,urea, chlorides,chlorides, ionsions ofof sodium,sodium, potassium,potassium, phosphates,phosphates, sulphates,sulphates,
creatininecreatinine andand uricuric acidacid
containscontains:: urea,urea, chlorides,chlorides, ionsions ofof sodium,sodium, potassium,potassium, phosphates,phosphates, sulphates,sulphates,
creatininecreatinine andand uricuric acidacid

cerebrospinal liquidcerebrospinal liquid
(li )(li )

cerebrospinal liquidcerebrospinal liquid
(li )(li )(liquor)(liquor)

clear,clear, sparsesparse liquidliquid circulatingcirculating betweenbetween cerebralcerebral ventricle,ventricle, centralcentral spinalspinal channelchannel

(liquor)(liquor)

clear,clear, sparsesparse liquidliquid circulatingcirculating betweenbetween cerebralcerebral ventricle,ventricle, centralcentral spinalspinal channelchannel
andand permeationpermeation gategate betweenbetween brain,brain, spinalspinal chordchord andand theirtheir meningesmeninges

containscontains:: electrolyteselectrolytes andand similarsimilar organicorganic compoundscompounds (~(~ bloodblood plasma,plasma, butbut

andand permeationpermeation gategate betweenbetween brain,brain, spinalspinal chordchord andand theirtheir meningesmeninges

containscontains:: electrolyteselectrolytes andand similarsimilar organicorganic compoundscompounds (~(~ bloodblood plasma,plasma, butbutyy gg pp (( p ,p ,
differentdifferent concentrations)concentrations)

ee..gg.. glucose,glucose, proteins,proteins, lactate,lactate, pyruvatepyruvate,, cholesterol,cholesterol, enzymes,enzymes, saltssalts andand certaincertain
tt ff l h tl h t

yy gg pp (( p ,p ,
differentdifferent concentrations)concentrations)

ee..gg.. glucose,glucose, proteins,proteins, lactate,lactate, pyruvatepyruvate,, cholesterol,cholesterol, enzymes,enzymes, saltssalts andand certaincertain
tt ff l h tl h tamountamount ofof lymphocyteslymphocytesamountamount ofof lymphocyteslymphocytes
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what influences concentration of analyteswhat influences concentration of analytes
in biological samplesin biological samples

what influences concentration of analyteswhat influences concentration of analytes
in biological samplesin biological samplesg pg pg pg p

aa) given) given
influencesinfluences

aa) given) given
influencesinfluences

influences giveninfluences giveninfluences giveninfluences given
bb) variable ) variable bb) variable ) variable 

race and sexrace and sex

e g different reference values of analytes:e g different reference values of analytes: creatinecreatine kinaseskinases αα amylasesamylases

race and sexrace and sex

e g different reference values of analytes:e g different reference values of analytes: creatinecreatine kinaseskinases αα amylasesamylasese.g. different reference values of analytes: e.g. different reference values of analytes: creatinecreatine kinaseskinases, , αα--amylases,amylases,
granulocytesgranulocytes

:: higher for men than for womenhigher for men than for women

e.g. different reference values of analytes: e.g. different reference values of analytes: creatinecreatine kinaseskinases, , αα--amylases,amylases,
granulocytesgranulocytes

:: higher for men than for womenhigher for men than for women: : higher for men than for womenhigher for men than for women
:: women have mostly lower and narrower reference intervals:: women have mostly lower and narrower reference intervals

: : increasing in order: Caucasian, Asiatic, Africanincreasing in order: Caucasian, Asiatic, African

: : higher for men than for womenhigher for men than for women
:: women have mostly lower and narrower reference intervals:: women have mostly lower and narrower reference intervals

: : increasing in order: Caucasian, Asiatic, Africanincreasing in order: Caucasian, Asiatic, African

ageageageage

ee..gg.. differentdifferent referencereference valuesvalues ofof analytesanalytes forfor newbornsnewborns,, children,children, adolescents,adolescents,
adultsadults andand seniorsenior
ee..gg.. differentdifferent referencereference valuesvalues ofof analytesanalytes forfor newbornsnewborns,, children,children, adolescents,adolescents,
adultsadults andand seniorsenior
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biorhythms biorhythms –– chronobiological influenceschronobiological influences

linearlinear :: changeschanges accordingaccording toto ageage

biorhythms biorhythms –– chronobiological influenceschronobiological influences

linearlinear :: changeschanges accordingaccording toto ageagelinearlinear :: changeschanges accordingaccording toto ageage

cycliccyclic :: dailydaily (circadian)(circadian)
:: monthlymonthly (lunar)(lunar)

linearlinear :: changeschanges accordingaccording toto ageage

cycliccyclic :: dailydaily (circadian)(circadian)
:: monthlymonthly (lunar)(lunar):: monthlymonthly (lunar)(lunar)
:: seasonalseasonal (seasons(seasons ofof year)year)

b h hb h h hh ll

:: monthlymonthly (lunar)(lunar)
:: seasonalseasonal (seasons(seasons ofof year)year)

b h hb h h hh llbiorhythmsbiorhythms causecause changeschanges inin analyteanalyte concentrationsconcentrations

cycliccyclic bb.. –– varyingvarying concentrationsconcentrations:: dayday--toto--day,day, duringduring thethe dayday

biorhythmsbiorhythms causecause changeschanges inin analyteanalyte concentrationsconcentrations

cycliccyclic bb.. –– varyingvarying concentrationsconcentrations:: dayday--toto--day,day, duringduring thethe dayday

importantimportant changechange ofof biorhythmsbiorhythms duringduring pregnancypregnancyimportantimportant changechange ofof biorhythmsbiorhythms duringduring pregnancypregnancy

variable influencesvariable influencesvariable influencesvariable influences

dididididietdiet

: : alimentation, starvation/alimentation, starvation/abrosiaabrosia ((⇒⇒ malnutrition)malnutrition)

dietdiet

: : alimentation, starvation/alimentation, starvation/abrosiaabrosia ((⇒⇒ malnutrition)malnutrition)

ΔΔ concentration of fats, saccharides, proteins concentration of fats, saccharides, proteins ⇒⇒ ΔΔ levels of serum ammonium levels of serum ammonium 
and ureaand urea
ΔΔ concentration of fats, saccharides, proteins concentration of fats, saccharides, proteins ⇒⇒ ΔΔ levels of serum ammonium levels of serum ammonium 
and ureaand urea 10101010



physical strainphysical strainphysical strainphysical strain

shortshort--termterm andand intenseintense strainstrain
:: consumptionconsumption ofof ATP,ATP, ↓↓ levellevel ofof glucoseglucose andand lactatelactate
shortshort--termterm andand intenseintense strainstrain
:: consumptionconsumption ofof ATP,ATP, ↓↓ levellevel ofof glucoseglucose andand lactatelactate

longlong--termterm strainstrain
:: ↑↑ concconc.. ofof ionsions:: sodium,sodium, potassium,potassium, calcium,calcium, phosphorus,phosphorus, ALP,ALP, albumin,albumin, ureaurea,,
longlong--termterm strainstrain
:: ↑↑ concconc.. ofof ionsions:: sodium,sodium, potassium,potassium, calcium,calcium, phosphorus,phosphorus, ALP,ALP, albumin,albumin, ureaurea,,,, p ,p , ,, p p ,p p , ,, ,, ,,
bilirubin,bilirubin, AST,AST, pyruvatepyruvate kinasekinase,, CKCK

measuremeasure ofof changechange isis individualindividual andand dependsdepends onon circumstancescircumstances

,, p ,p , ,, p p ,p p , ,, ,, ,,
bilirubin,bilirubin, AST,AST, pyruvatepyruvate kinasekinase,, CKCK

measuremeasure ofof changechange isis individualindividual andand dependsdepends onon circumstancescircumstancesmeasuremeasure ofof changechange isis individualindividual andand dependsdepends onon circumstancescircumstances

altitudealtitude influenceinfluence ((stressstress ofof organismorganism))
:: ↑↑ concentrationconcentration ofof CC reactivereactive proteinprotein ββ globulinglobulin uricuric acidacid haemoglobinhaemoglobin

measuremeasure ofof changechange isis individualindividual andand dependsdepends onon circumstancescircumstances

altitudealtitude influenceinfluence ((stressstress ofof organismorganism))
:: ↑↑ concentrationconcentration ofof CC reactivereactive proteinprotein ββ globulinglobulin uricuric acidacid haemoglobinhaemoglobin:: ↑↑ concentrationconcentration ofof CC--reactivereactive protein,protein, ββ22--globulin,globulin, uricuric acid,acid, haemoglobinhaemoglobin
andand haematocrithaematocrit

:: ↑↑ concentrationconcentration ofof CC--reactivereactive protein,protein, ββ22--globulin,globulin, uricuric acid,acid, haemoglobinhaemoglobin
andand haematocrithaematocrit

adaptationadaptation onon highhigh altitudesaltitudes isis slowslow andand takestakes weeksweeksadaptationadaptation onon highhigh altitudesaltitudes isis slowslow andand takestakes weeksweeks

adaptationadaptation backback toto lowlow altitudesaltitudes isis fastfast,, takestakes fewfew daysdaysadaptationadaptation backback toto lowlow altitudesaltitudes isis fastfast,, takestakes fewfew daysdays
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common drugscommon drugs

coffeincoffein

common drugscommon drugs

coffeincoffeincoffeincoffein
:: ↑↑ glucoseglucose concconc..,, unesterifiedunesterified fattyfatty acidsacids andand catecholaminescatecholamines

nicotinenicotine (cigarette)(cigarette)

coffeincoffein
:: ↑↑ glucoseglucose concconc..,, unesterifiedunesterified fattyfatty acidsacids andand catecholaminescatecholamines

nicotinenicotine (cigarette)(cigarette)nicotinenicotine (cigarette)(cigarette)
:: acuteacute andand chronicchronic changechange

ee..gg.. ↑↑ concconc.. ofof serumserum fattyfatty acids,acids, glucose,glucose, fibrinogen,fibrinogen, cholesterol,cholesterol, freefree glycerol,glycerol,

nicotinenicotine (cigarette)(cigarette)
:: acuteacute andand chronicchronic changechange

ee..gg.. ↑↑ concconc.. ofof serumserum fattyfatty acids,acids, glucose,glucose, fibrinogen,fibrinogen, cholesterol,cholesterol, freefree glycerol,glycerol,gg yy ,, g ,g , g ,g , ,, g y ,g y ,
aldosteronaldosteron andand ccortisolortisol,, somesome hormoneshormones andand tumourtumour markersmarkers andand heavyheavy metalsmetals
((CdCd,, Cu,Cu, PbPb))

gg yy ,, g ,g , g ,g , ,, g y ,g y ,
aldosteronaldosteron andand ccortisolortisol,, somesome hormoneshormones andand tumourtumour markersmarkers andand heavyheavy metalsmetals
((CdCd,, Cu,Cu, PbPb))

alcoholalcohol
:: intensityintensity andand lengthlength ofof consumptionconsumption makesmakes influenceinfluence

↓↓

alcoholalcohol
:: intensityintensity andand lengthlength ofof consumptionconsumption makesmakes influenceinfluence

↓↓steadysteady influencesinfluences:: ↓↓ concconc.. ofof serumserum glucose,glucose, metabolicmetabolic acidoseacidose
(ethanol(ethanol⇒⇒acetaldehydeacetaldehyde⇒⇒acetate)acetate)

ll i fli fl ↑↑ ff GMTGMT GLDGLD ASTAST dd ALTALT (i i i(i i i ff

steadysteady influencesinfluences:: ↓↓ concconc.. ofof serumserum glucose,glucose, metabolicmetabolic acidoseacidose
(ethanol(ethanol⇒⇒acetaldehydeacetaldehyde⇒⇒acetate)acetate)

ll i fli fl ↑↑ ff GMTGMT GLDGLD ASTAST dd ALTALT (i i i(i i i fflonglong--termterm influencesinfluences:: ↑↑ actact.. ofof enzymesenzymes GMT,GMT, GLD,GLD, ASTAST andand ALTALT (intoxication(intoxication ofof
livers)livers)
longlong--termterm influencesinfluences:: ↑↑ actact.. ofof enzymesenzymes GMT,GMT, GLD,GLD, ASTAST andand ALTALT (intoxication(intoxication ofof
livers)livers)

chronicchronic alcoholismalcoholism:: ↑↑ concconc.. ofof triacylglycerolstriacylglycerols,, cholesterolcholesterol andand somesome hormoneshormoneschronicchronic alcoholismalcoholism:: ↑↑ concconc.. ofof triacylglycerolstriacylglycerols,, cholesterolcholesterol andand somesome hormoneshormones
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other common influencesother common influencesother common influencesother common influences

biologicalbiological fluidsfluids –– complexcomplex ofof inorginorg.. andand orgorg.. molecules,molecules, proteinprotein pseudopseudo--
solutionssolutions andand fatfat dropletdroplet emulsionemulsion
biologicalbiological fluidsfluids –– complexcomplex ofof inorginorg.. andand orgorg.. molecules,molecules, proteinprotein pseudopseudo--
solutionssolutions andand fatfat dropletdroplet emulsionemulsionsolutionssolutions andand fatfat--dropletdroplet emulsionemulsion

compoundscompounds couldcould bebe boundbound toto proteinsproteins ⇒⇒ theirtheir contentcontent inin organismorganism isis
d i lld i ll h ih i hh l t dl t d tt th ith i i di id li di id l t bilitt bilit

solutionssolutions andand fatfat--dropletdroplet emulsionemulsion

compoundscompounds couldcould bebe boundbound toto proteinsproteins ⇒⇒ theirtheir contentcontent inin organismorganism isis
d i lld i ll h ih i hh l t dl t d tt th ith i i di id li di id l t bilitt bilitdynamicallydynamically changingchanging;; changeschanges areare relatedrelated toto theirtheir individualindividual stabilitystability oror
decompositiondecomposition processesprocesses (metabolism(metabolism andand bacteria)bacteria)
dynamicallydynamically changingchanging;; changeschanges areare relatedrelated toto theirtheir individualindividual stabilitystability oror
decompositiondecomposition processesprocesses (metabolism(metabolism andand bacteria)bacteria)

biologicalbiological samplessamples –– potentiallypotentially infectiveinfective materialmaterial ⇒⇒ safetysafety rulesrules

numbernumber ofof analytesanalytes inin samplesample –– hundredshundreds ++ theirtheir derivativesderivatives withwith variablevariable

biologicalbiological samplessamples –– potentiallypotentially infectiveinfective materialmaterial ⇒⇒ safetysafety rulesrules

numbernumber ofof analytesanalytes inin samplesample –– hundredshundreds ++ theirtheir derivativesderivatives withwith variablevariableyy pp
contentcontent andand changeablechangeable photophoto-- andand thermostabilitythermostability == biologicalbiological matrixmatrix

influenceinfluence ofof collectioncollection andand transporttransport –– soso--calledcalled preanalyticalpreanalytical phasephase

yy pp
contentcontent andand changeablechangeable photophoto-- andand thermostabilitythermostability == biologicalbiological matrixmatrix

influenceinfluence ofof collectioncollection andand transporttransport –– soso--calledcalled preanalyticalpreanalytical phasephaseinfluenceinfluence ofof collectioncollection andand transporttransport soso calledcalled preanalyticalpreanalytical phasephase

necessitynecessity ofof fastfast transporttransport andand storagestorage inin coldcold oror conservationconservation

influenceinfluence ofof collectioncollection andand transporttransport soso calledcalled preanalyticalpreanalytical phasephase

necessitynecessity ofof fastfast transporttransport andand storagestorage inin coldcold oror conservationconservation
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influence of medicationinfluence of medicationinfluence of medicationinfluence of medication

patientspatients samplessamples –– drugdrug interferencesinterferencespatientspatients samplessamples –– drugdrug interferencesinterferences

resultsresults areare biasedbiased oror disabledisable completelycompletely conductconduct ofof analysesanalyses

informationinformation onon interferencesinterferences –– estimatedestimated empiricallyempirically

resultsresults areare biasedbiased oror disabledisable completelycompletely conductconduct ofof analysesanalyses

informationinformation onon interferencesinterferences –– estimatedestimated empiricallyempiricallyinformationinformation onon interferencesinterferences estimatedestimated empiricallyempirically
:: influencesinfluences ofof individualindividual drugsdrugs (common)(common)
:: influencesinfluences ofof drugdrug combinationscombinations (almost(almost unknown)unknown)

informationinformation onon interferencesinterferences estimatedestimated empiricallyempirically
:: influencesinfluences ofof individualindividual drugsdrugs (common)(common)
:: influencesinfluences ofof drugdrug combinationscombinations (almost(almost unknown)unknown)

:: bloodblood collectedcollected onon anan emptyempty stomachstomach afterafter drugdrug dropdrop forfor 2424 –– 7272 hh
:: necessitynecessity ofof knowledgeknowledge ofof drugsdrugs usedused byby patientpatient
:: bloodblood collectedcollected onon anan emptyempty stomachstomach afterafter drugdrug dropdrop forfor 2424 –– 7272 hh
:: necessitynecessity ofof knowledgeknowledge ofof drugsdrugs usedused byby patientpatient

analyticalanalytical drugdrug interferenceinterference –– observedobserved byby IFCC,IFCC, knownknown analyticalanalytical interferencesinterferences
inin databankdatabank
analyticalanalytical drugdrug interferenceinterference –– observedobserved byby IFCC,IFCC, knownknown analyticalanalytical interferencesinterferences
inin databankdatabank

standardstandard (normalised)(normalised) operationaloperational approachapproach (SOA)(SOA) –– analysisanalysis ofof compositecomposite
serasera ofof donorsdonors oror patientspatients enrichedenriched byby knownknown amountamount ofof respectiverespective drugdrug
standardstandard (normalised)(normalised) operationaloperational approachapproach (SOA)(SOA) –– analysisanalysis ofof compositecomposite
serasera ofof donorsdonors oror patientspatients enrichedenriched byby knownknown amountamount ofof respectiverespective drugdrugserasera ofof donorsdonors oror patientspatients enrichedenriched byby knownknown amountamount ofof respectiverespective drugdrug
:: analysisanalysis resultresult isis statisticallystatistically evaluatedevaluated
serasera ofof donorsdonors oror patientspatients enrichedenriched byby knownknown amountamount ofof respectiverespective drugdrug
:: analysisanalysis resultresult isis statisticallystatistically evaluatedevaluated



preanalytical phasepreanalytical phasepreanalytical phasepreanalytical phase
collection, transport and storage of samplecollection, transport and storage of samplecollection, transport and storage of samplecollection, transport and storage of sample

processes and operations with analysed material sample processes and operations with analysed material sample ununtill analysistill analysisprocesses and operations with analysed material sample processes and operations with analysed material sample ununtill analysistill analysisp p y pp p y p yyp p y pp p y p yy

biological materialbiological material collection and transport collection and transport biological materialbiological material collection and transport collection and transport gg ppgg pp

analytesanalytes have have limited timelimited time--stabilitystabilityanalytesanalytes have have limited timelimited time--stabilitystability
: : are metabolised, thermolabile or photolabile are metabolised, thermolabile or photolabile : : are metabolised, thermolabile or photolabile are metabolised, thermolabile or photolabile 

stabilitystability storage period when under defined conditions the initial analytestorage period when under defined conditions the initial analytestabilitystability storage period when under defined conditions the initial analytestorage period when under defined conditions the initial analytestabilitystability –– storage period, when under defined conditions the initial analyte storage period, when under defined conditions the initial analyte 
content is not changed; concentration or activitycontent is not changed; concentration or activity

ii ii dd ii d id i hi hhi h i i i li i i l ff ll ii h dh d

stabilitystability –– storage period, when under defined conditions the initial analyte storage period, when under defined conditions the initial analyte 
content is not changed; concentration or activitycontent is not changed; concentration or activity

ii ii dd ii d id i hi hhi h i i i li i i l ff ll ii h dh ditit isis expressedexpressed asas timetime,, duringduring whichwhich initialinitial contentcontent ofof analyteanalyte isis notnot changedchanged
moremore thanthan 11..55--timetime moremore thanthan referencereference intervalinterval withwith 9595%% probabilityprobability
itit isis expressedexpressed asas timetime,, duringduring whichwhich initialinitial contentcontent ofof analyteanalyte isis notnot changedchanged
moremore thanthan 11..55--timetime moremore thanthan referencereference intervalinterval withwith 9595%% probabilityprobability
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collection rulescollection rulescollection rulescollection rules
influenceinfluence ofof patientpatient statestateinfluenceinfluence ofof patientpatient statestate

postureposture –– concconc.. ofof highhigh molecularmolecular compoundscompounds areare lowerlower whenwhen collectedcollected inin reclinerecline
andand higherhigher inin aboutabout 1515 %% whenwhen standingstanding
postureposture –– concconc.. ofof highhigh molecularmolecular compoundscompounds areare lowerlower whenwhen collectedcollected inin reclinerecline
andand higherhigher inin aboutabout 1515 %% whenwhen standingstanding

physicalphysical strainstrain –– ΔΔ concconcentrationentration ofof compoundscompounds involvedinvolved inin energeticenergetic metabolism,metabolism,
itit comescomes toto thickeningthickening ofof macromolecularmacromolecular compounds,compounds, thethe activityactivity ofof ASTAST andand CKCK
enzymesenzymes isis increased,increased, increasesincreases levellevel ofof creatinine,creatinine, decreasesdecreases levellevel ofof thyroxinthyroxin

physicalphysical strainstrain –– ΔΔ concconcentrationentration ofof compoundscompounds involvedinvolved inin energeticenergetic metabolism,metabolism,
itit comescomes toto thickeningthickening ofof macromolecularmacromolecular compounds,compounds, thethe activityactivity ofof ASTAST andand CKCK
enzymesenzymes isis increased,increased, increasesincreases levellevel ofof creatinine,creatinine, decreasesdecreases levellevel ofof thyroxinthyroxinenzymesenzymes isis increased,increased, increasesincreases levellevel ofof creatinine,creatinine, decreasesdecreases levellevel ofof thyroxinthyroxinenzymesenzymes isis increased,increased, increasesincreases levellevel ofof creatinine,creatinine, decreasesdecreases levellevel ofof thyroxinthyroxin

bloodbloodbloodblood

: collection in a : collection in a sitsit--downdown and at least after and at least after 30 min of rest30 min of rest
:: contraction of armcontraction of arm by elastic bandage and afterby elastic bandage and after disinfectiondisinfection of puncture locationof puncture location
: collection in a : collection in a sitsit--downdown and at least after and at least after 30 min of rest30 min of rest
:: contraction of armcontraction of arm by elastic bandage and afterby elastic bandage and after disinfectiondisinfection of puncture locationof puncture location

b oodb oodb oodb ood

: : contraction of armcontraction of arm by elastic bandage and after by elastic bandage and after disinfectiondisinfection of puncture locationof puncture location
: bandage must be : bandage must be quickly released quickly released –– freely flowing bloodfreely flowing blood is collectedis collected
: before puncture, patient with bandage : before puncture, patient with bandage should notshould not exercise too longexercise too long

: : contraction of armcontraction of arm by elastic bandage and after by elastic bandage and after disinfectiondisinfection of puncture locationof puncture location
: bandage must be : bandage must be quickly released quickly released –– freely flowing bloodfreely flowing blood is collectedis collected
: before puncture, patient with bandage : before puncture, patient with bandage should notshould not exercise too longexercise too long

slow release of bandage and too intense arm exerciseslow release of bandage and too intense arm exercise ⇒⇒
important influence on levelsimportant influence on levels of some serum analytes: of some serum analytes: 

↑↑ concconc.. NaNa++ andand Ca(II),Ca(II), haemoglobin,haemoglobin, cholesterol,cholesterol, ALP,ALP, proteins,proteins, bilirubinbilirubin andand somesome

slow release of bandage and too intense arm exerciseslow release of bandage and too intense arm exercise ⇒⇒
important influence on levelsimportant influence on levels of some serum analytes: of some serum analytes: 

↑↑ concconc.. NaNa++ andand Ca(II),Ca(II), haemoglobin,haemoglobin, cholesterol,cholesterol, ALP,ALP, proteins,proteins, bilirubinbilirubin andand somesome↑↑ concconc.. NaNa andand Ca(II),Ca(II), haemoglobin,haemoglobin, cholesterol,cholesterol, ALP,ALP, proteins,proteins, bilirubinbilirubin andand somesome
enzymesenzymes;; ↓↓ concconcentrationentration ofof glucose,glucose, creatinine,creatinine, phosphatephosphate......
↑↑ concconc.. NaNa andand Ca(II),Ca(II), haemoglobin,haemoglobin, cholesterol,cholesterol, ALP,ALP, proteins,proteins, bilirubinbilirubin andand somesome
enzymesenzymes;; ↓↓ concconcentrationentration ofof glucose,glucose, creatinine,creatinine, phosphatephosphate......
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venousvenous bloodblood

collectioncollection morningmorning onon emptyempty stomachstomach

venousvenous bloodblood

collectioncollection morningmorning onon emptyempty stomachstomach
lastlast lightlight foodfood atat caca 66::0000 pm,pm, andand thenthen nextnext dayday morningmorning onlyonly aa smallsmall amountamount
waterwater oror teatea withoutwithout sugarsugar

dropdrop medicationmedication atat leastleast forfor 2424 –– 7272 hourshours

lastlast lightlight foodfood atat caca 66::0000 pm,pm, andand thenthen nextnext dayday morningmorning onlyonly aa smallsmall amountamount
waterwater oror teatea withoutwithout sugarsugar

dropdrop medicationmedication atat leastleast forfor 2424 –– 7272 hourshoursdropdrop medicationmedication atat leastleast forfor 2424 7272 hourshours

:: mostmost ofof analysesanalyses (except(except forfor haematology)haematology) isis donedone usingusing serumserum

:: afterafter bloodblood collectioncollection andand beforebefore separationseparation ofof serumserum offoff bloodblood clotclot itit isis necessarynecessary

dropdrop medicationmedication atat leastleast forfor 2424 7272 hourshours

:: mostmost ofof analysesanalyses (except(except forfor haematology)haematology) isis donedone usingusing serumserum

:: afterafter bloodblood collectioncollection andand beforebefore separationseparation ofof serumserum offoff bloodblood clotclot itit isis necessarynecessary:: afterafter bloodblood collectioncollection andand beforebefore separationseparation ofof serumserum offoff bloodblood--clotclot itit isis necessarynecessary
toto waitwait atat leastleast 3030 minutes,minutes, whatwhat isis aa periodperiod neededneeded forfor coagulationcoagulation processprocess

:: usingusing coagulationscoagulations accelerators,accelerators, onlyonly 1010 minutesminutes areare enoughenough

:: afterafter bloodblood collectioncollection andand beforebefore separationseparation ofof serumserum offoff bloodblood--clotclot itit isis necessarynecessary
toto waitwait atat leastleast 3030 minutes,minutes, whatwhat isis aa periodperiod neededneeded forfor coagulationcoagulation processprocess

:: usingusing coagulationscoagulations accelerators,accelerators, onlyonly 1010 minutesminutes areare enoughenoughgg gg ,, yy gggg gg ,, yy gg

capillary bloodcapillary bloodcapillary bloodcapillary bloodp yp y

puncture by lancet into finger, ear lobe or heel (children)puncture by lancet into finger, ear lobe or heel (children)
: : considerateconsiderate

p yp y

puncture by lancet into finger, ear lobe or heel (children)puncture by lancet into finger, ear lobe or heel (children)
: : considerateconsiderate

: : dropping or drain (by micropipette or capillary) 1 dropping or drain (by micropipette or capillary) 1 –– 3 drops of blood3 drops of blood

:: immediate analysis (determination of glucose on diagnostic strip)immediate analysis (determination of glucose on diagnostic strip)

: : dropping or drain (by micropipette or capillary) 1 dropping or drain (by micropipette or capillary) 1 –– 3 drops of blood3 drops of blood

:: immediate analysis (determination of glucose on diagnostic strip)immediate analysis (determination of glucose on diagnostic strip): : immediate analysis (determination of glucose on diagnostic strip)immediate analysis (determination of glucose on diagnostic strip)

: : transport in plastic transport in plastic microtubemicrotube with anticoagulant and antiwith anticoagulant and anti--glycolyticglycolytic agentagent

: : immediate analysis (determination of glucose on diagnostic strip)immediate analysis (determination of glucose on diagnostic strip)

: : transport in plastic transport in plastic microtubemicrotube with anticoagulant and antiwith anticoagulant and anti--glycolyticglycolytic agentagent
17171717



anticoagulantia / anticoagulantsanticoagulantia / anticoagulants

compoundscompounds ableable toto complexatecomplexate ionsions ofof endogenousendogenous calciumcalcium inin samplesample andand

anticoagulantia / anticoagulantsanticoagulantia / anticoagulants

compoundscompounds ableable toto complexatecomplexate ionsions ofof endogenousendogenous calciumcalcium inin samplesample andandcompoundscompounds ableable toto complexatecomplexate ionsions ofof endogenousendogenous calciumcalcium inin samplesample andand
thusthus preventprevent processprocess ofof bloodblood coagulationcoagulation

didi t it i ltlt ff it iit i lili idid EDTAEDTA

compoundscompounds ableable toto complexatecomplexate ionsions ofof endogenousendogenous calciumcalcium inin samplesample andand
thusthus preventprevent processprocess ofof bloodblood coagulationcoagulation

didi t it i ltlt ff it iit i lili idid EDTAEDTA:: sodiumsodium oror potassiumpotassium saltssalts ofof citriccitric oror oxalicoxalic acid,acid, oror EDTAEDTA

:: heparin,heparin, acceleratoraccelerator antithrombinantithrombin IIIIII (inhibitor(inhibitor ofof bloodblood coagulation)coagulation)

:: sodiumsodium oror potassiumpotassium saltssalts ofof citriccitric oror oxalicoxalic acid,acid, oror EDTAEDTA

:: heparin,heparin, acceleratoraccelerator antithrombinantithrombin IIIIII (inhibitor(inhibitor ofof bloodblood coagulation)coagulation)

:: hirudinhirudin (anticoagulans(anticoagulans ofof leechleech HirudoHirudo medicinalismedicinalis LL..)):: hirudinhirudin (anticoagulans(anticoagulans ofof leechleech HirudoHirudo medicinalismedicinalis LL..))

inin haematologichaematologic analysesanalyses andand teststests,, itit isis onon thethe otherother sideside importantimportant toto rere--
calcifycalcify uncoagulableuncoagulable bloodblood andand thusthus rere--newnew coagulationcoagulation abilitiesabilities byby addingadding
ofof surplussurplus ofof calciumcalcium saltsalt toto saturatesaturate anticoagulantsanticoagulants

inin haematologichaematologic analysesanalyses andand teststests,, itit isis onon thethe otherother sideside importantimportant toto rere--
calcifycalcify uncoagulableuncoagulable bloodblood andand thusthus rere--newnew coagulationcoagulation abilitiesabilities byby addingadding
ofof surplussurplus ofof calciumcalcium saltsalt toto saturatesaturate anticoagulantsanticoagulantsofof surplussurplus ofof calciumcalcium saltsalt toto saturatesaturate anticoagulantsanticoagulantsofof surplussurplus ofof calciumcalcium saltsalt toto saturatesaturate anticoagulantsanticoagulants
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collection containerscollection containers

openopen systemsystem –– openopen tubetube

collection containerscollection containers

openopen systemsystem –– openopen tubetubeopenopen systemsystem openopen tubetube

closedclosed systemsystem –– evacuatedevacuated containercontainer oror testtest--tubetube withwith rubberrubber plug,plug, oror
specialspecial injectioninjection syringesyringe servingserving forfor samplesample collectioncollection andand inin parallelparallel alsoalso asas

openopen systemsystem openopen tubetube

closedclosed systemsystem –– evacuatedevacuated containercontainer oror testtest--tubetube withwith rubberrubber plug,plug, oror
specialspecial injectioninjection syringesyringe servingserving forfor samplesample collectioncollection andand inin parallelparallel alsoalso asaspp jj y gy g gg pp pp
centrifugationcentrifugation tubetube

containscontains –– anticoagulantiaanticoagulantia oror compoundscompounds speedingspeeding--upup bloodblood coagulationcoagulation

pp jj y gy g gg pp pp
centrifugationcentrifugation tubetube

containscontains –– anticoagulantiaanticoagulantia oror compoundscompounds speedingspeeding--upup bloodblood coagulationcoagulationcontainscontains anticoagulantiaanticoagulantia oror compoundscompounds speedingspeeding upup bloodblood coagulationcoagulation
(gelatine,(gelatine, aprotinin,aprotinin, polystyrenepolystyrene spheresspheres etcetc.. ))

glucoseglucose determinationdetermination specialspecial dosesdoses withwith agentsagents suppressingsuppressing glycolysisglycolysis inin

containscontains anticoagulantiaanticoagulantia oror compoundscompounds speedingspeeding upup bloodblood coagulationcoagulation
(gelatine,(gelatine, aprotinin,aprotinin, polystyrenepolystyrene spheresspheres etcetc.. ))

glucoseglucose determinationdetermination specialspecial dosesdoses withwith agentsagents suppressingsuppressing glycolysisglycolysis ininglucoseglucose determinationdetermination –– specialspecial dosesdoses withwith agentsagents suppressingsuppressing glycolysisglycolysis inin
combinationcombination withwith anticoagulantsanticoagulants

ti l tti l t tltl ltlt dd i t di t d i ti t bi l i lbi l i l ll t it i

glucoseglucose determinationdetermination –– specialspecial dosesdoses withwith agentsagents suppressingsuppressing glycolysisglycolysis inin
combinationcombination withwith anticoagulantsanticoagulants

ti l tti l t tltl ltlt dd i t di t d i ti t bi l i lbi l i l ll t it ianticoagulantsanticoagulants areare mostlymostly saltssalts andand introduceintroduce intointo biologicalbiological samplessamples certaincertain
ions,ions, whichwhich ionsions couldcould notnot bebe determineddetermined inin samplessamples handledhandled thisthis wayway
anticoagulantsanticoagulants areare mostlymostly saltssalts andand introduceintroduce intointo biologicalbiological samplessamples certaincertain
ions,ions, whichwhich ionsions couldcould notnot bebe determineddetermined inin samplessamples handledhandled thisthis wayway
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security plug
HEMOGARD©
security plug
HEMOGARD©

sterile evacuated tube
VACUTAINER©
sterile evacuated tube
VACUTAINER©

multiple
collection needle
multiple
collection needle security valvesecurity valve

predefined
vacuum
predefined
vacuum

specialspecial separationseparation gelgel –– separatesseparates serumserum oror plasmaplasma ofof bloodblood coagulumcoagulum oror
bloodblood--cellscells afterafter centrifugationcentrifugation;; therethere isis nono needneed forfor fastfast separationseparation ofof
serum/plasmaserum/plasma fromfrom restrest ofof thethe bloodblood

specialspecial separationseparation gelgel –– separatesseparates serumserum oror plasmaplasma ofof bloodblood coagulumcoagulum oror
bloodblood--cellscells afterafter centrifugationcentrifugation;; therethere isis nono needneed forfor fastfast separationseparation ofof
serum/plasmaserum/plasma fromfrom restrest ofof thethe bloodbloodserum/plasmaserum/plasma fromfrom restrest ofof thethe bloodblood

containerscontainers forfor bloodblood--samplessamples collectioncollection areare resolvedresolved byby colourcolour forfor
easiereasier manipulationmanipulation;; accordingaccording toto respectiverespective ISOISO normnorm

serum/plasmaserum/plasma fromfrom restrest ofof thethe bloodblood

containerscontainers forfor bloodblood--samplessamples collectioncollection areare resolvedresolved byby colourcolour forfor
easiereasier manipulationmanipulation;; accordingaccording toto respectiverespective ISOISO normnormeasiereasier manipulationmanipulation;; accordingaccording toto respectiverespective ISOISO normnormeasiereasier manipulationmanipulation;; accordingaccording toto respectiverespective ISOISO normnorm

redred –– cleanclean;; goldengolden –– gelgel forfor centrifugationcentrifugation
greygrey –– glucoseglucose ((NaFNaF,, KK22((oxox)),)), greengreen –– heparinheparin
violetviolet –– EDTAEDTA blueblue –– citratecitrate

redred –– cleanclean;; goldengolden –– gelgel forfor centrifugationcentrifugation
greygrey –– glucoseglucose ((NaFNaF,, KK22((oxox)),)), greengreen –– heparinheparin
violetviolet –– EDTAEDTA blueblue –– citratecitrate
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violetviolet EDTA,EDTA, blueblue citratecitrate……violetviolet EDTA,EDTA, blueblue citratecitrate……



disposablesdisposables –– classclass ofof toolstools;; closedclosed containerscontainers andand otherother plasticplastic oneone--offoff toolstools
forfor collection,collection, transport,transport, centrifugation,centrifugation, dosingdosing andand storingstoring ofof otherother bodybody
disposablesdisposables –– classclass ofof toolstools;; closedclosed containerscontainers andand otherother plasticplastic oneone--offoff toolstools
forfor collection,collection, transport,transport, centrifugation,centrifugation, dosingdosing andand storingstoring ofof otherother bodybody
fluidsfluids inin sterilesterile designdesign areare inin--betweenbetween themthem

othersothers:: automaticautomatic pipettorpipettor extension,extension, containerscontainers andand testtest--tubestubes forfor urineurine

fluidsfluids inin sterilesterile designdesign areare inin--betweenbetween themthem

othersothers:: automaticautomatic pipettorpipettor extension,extension, containerscontainers andand testtest--tubestubes forfor urineurinep pp p ,,
samples,samples, plasticplastic ELISAELISA plates,plates, platesplates forfor determinationdetermination ofof bloodblood groupsgroups etcetc..

p pp p ,,
samples,samples, plasticplastic ELISAELISA plates,plates, platesplates forfor determinationdetermination ofof bloodblood groupsgroups etcetc..

haemolysishaemolysis

degradationdegradation ofof erythrocyteserythrocytes ⇒⇒ changeschanges qualityquality ofof collectedcollected bloodblood

haemolysishaemolysis

degradationdegradation ofof erythrocyteserythrocytes ⇒⇒ changeschanges qualityquality ofof collectedcollected bloodblood
:: proceedingproceeding ofof collectedcollected bloodblood toto serumserum oror plasmaplasma optimallyoptimally tilltill 3030 minutesminutes,, atat
latestlatest tilltill 11 hourhour afterafter collectioncollection

ff ↑↑ ff dd hl dhl d ↑↑ ff

:: proceedingproceeding ofof collectedcollected bloodblood toto serumserum oror plasmaplasma optimallyoptimally tilltill 3030 minutesminutes,, atat
latestlatest tilltill 11 hourhour afterafter collectioncollection

ff ↑↑ ff dd hl dhl d ↑↑ ffmanifestationmanifestation –– ↑↑ concconc.. ofof potassiumpotassium andand chlorides,chlorides, ↑↑ activityactivity ofof enzymesenzymes ALT,ALT,
↓↓ glucoseglucose

appearanceappearance normalnormal serumserum andand plasmaplasma yellowishyellowish andand transparenttransparent

manifestationmanifestation –– ↑↑ concconc.. ofof potassiumpotassium andand chlorides,chlorides, ↑↑ activityactivity ofof enzymesenzymes ALT,ALT,
↓↓ glucoseglucose

appearanceappearance normalnormal serumserum andand plasmaplasma yellowishyellowish andand transparenttransparentappearanceappearance –– normalnormal serumserum andand plasmaplasma –– yellowishyellowish andand transparenttransparent
:: haemolysishaemolysis ⇒⇒ redred (release(release ofof haemoglobin)haemoglobin)
:: milkymilky cloudcloud –– emulgatedemulgated fatfat dropletsdroplets –– chylouschylous (lipaemic)(lipaemic) serumserum

appearanceappearance –– normalnormal serumserum andand plasmaplasma –– yellowishyellowish andand transparenttransparent
:: haemolysishaemolysis ⇒⇒ redred (release(release ofof haemoglobin)haemoglobin)
:: milkymilky cloudcloud –– emulgatedemulgated fatfat dropletsdroplets –– chylouschylous (lipaemic)(lipaemic) serumserum

haemolytichaemolytic andand chylouschylous serumserum oror plasmaplasma areare forfor mostmost analysesanalyses impropriateimpropriatehaemolytichaemolytic andand chylouschylous serumserum oror plasmaplasma areare forfor mostmost analysesanalyses impropriateimpropriate
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glycolysisglycolysisglycolysisglycolysis

contentcontent ofof glucoseglucose inin bloodblood rapidlyrapidly decreasesdecreases afterafter collectioncollection –– bloodblood--
cellscells stillstill livelive
contentcontent ofof glucoseglucose inin bloodblood rapidlyrapidly decreasesdecreases afterafter collectioncollection –– bloodblood--
cellscells stillstill livelive

serum/plasmaserum/plasma mustmust bebe storedstored atat ++44 °°CC

effectiveeffective butbut complicatescomplicates transporttransport

serum/plasmaserum/plasma mustmust bebe storedstored atat ++44 °°CC

effectiveeffective butbut complicatescomplicates transporttransporteffectiveeffective,, butbut complicatescomplicates transporttransport

temperaturetemperature 1515 –– 2525 °°CC
⇒⇒ contentcontent ofof glucoseglucose goesgoes downdown inin aa dayday toto ~~3030 %% inin 22 daysdays toto 66 %%

effectiveeffective,, butbut complicatescomplicates transporttransport

temperaturetemperature 1515 –– 2525 °°CC
⇒⇒ contentcontent ofof glucoseglucose goesgoes downdown inin aa dayday toto ~~3030 %% inin 22 daysdays toto 66 %%⇒⇒ contentcontent ofof glucoseglucose goesgoes downdown inin aa dayday toto ~~3030 %%,, inin 22 daysdays toto 66 %%

temperaturetemperature ++44 °°CC
t tt t ff ll dd ii dd tt 8080 %% ii 22 dd tt 3232 %%

⇒⇒ contentcontent ofof glucoseglucose goesgoes downdown inin aa dayday toto ~~3030 %%,, inin 22 daysdays toto 66 %%

temperaturetemperature ++44 °°CC
t tt t ff ll dd ii dd tt 8080 %% ii 22 dd tt 3232 %%⇒⇒ contentcontent ofof glucoseglucose goesgoes downdown inin aa dayday toto ~~8080 %%,, inin 22 daysdays toto 3232 %%⇒⇒ contentcontent ofof glucoseglucose goesgoes downdown inin aa dayday toto ~~8080 %%,, inin 22 daysdays toto 3232 %%

biochemicalbiochemical naturenature ofof glycolysisglycolysis –– catabolismcatabolism ofof glucoseglucose

:: aerobicaerobic glycolysisglycolysis –– COCO22 andand waterwater areare finalfinal productsproducts

biochemicalbiochemical naturenature ofof glycolysisglycolysis –– catabolismcatabolism ofof glucoseglucose

:: aerobicaerobic glycolysisglycolysis –– COCO22 andand waterwater areare finalfinal productsproductsg y yg y y 22 pp
:: anaerobicanaerobic glycolysisglycolysis –– lactatelactate isis finalfinal productproduct
:: pentosepentose cyclecycle –– directdirect oxidationoxidation ofof glucoseglucose;; hexosehexose ⇒⇒ pentosepentose

g y yg y y 22 pp
:: anaerobicanaerobic glycolysisglycolysis –– lactatelactate isis finalfinal productproduct
:: pentosepentose cyclecycle –– directdirect oxidationoxidation ofof glucoseglucose;; hexosehexose ⇒⇒ pentosepentose
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suppression of glycolysissuppression of glycolysissuppression of glycolysissuppression of glycolysis
: : suppression of function of important catabolic enzymessuppression of function of important catabolic enzymes: : suppression of function of important catabolic enzymessuppression of function of important catabolic enzymespp p ypp p ypp p ypp p y

glyceraldehydeglyceraldehyde--33--phosphatephosphate dehydrogenasedehydrogenase ––
dehydrogenationdehydrogenation ofof glyceraldehydeglyceraldehyde--33--phosphatephosphate toto 11,,33--bis(phospho)glyceratebis(phospho)glycerate
glyceraldehydeglyceraldehyde--33--phosphatephosphate dehydrogenasedehydrogenase ––
dehydrogenationdehydrogenation ofof glyceraldehydeglyceraldehyde--33--phosphatephosphate toto 11,,33--bis(phospho)glyceratebis(phospho)glyceratey gy g g y yg y y p pp p ,, (p p )g y(p p )g y

:: inhibitedinhibited byby monoiodaceticmonoiodacetic acidacid ((caca 00..55 mgmg perper mlml ofof bloodblood sample)sample)

y gy g g y yg y y p pp p ,, (p p )g y(p p )g y

:: inhibitedinhibited byby monoiodaceticmonoiodacetic acidacid ((caca 00..55 mgmg perper mlml ofof bloodblood sample)sample)

enolaseenolase –– transformationtransformation ofof 22--phosphoglyceratephosphoglycerate toto phosphoenolpyruvatephosphoenolpyruvateenolaseenolase –– transformationtransformation ofof 22--phosphoglyceratephosphoglycerate toto phosphoenolpyruvatephosphoenolpyruvateenolaseenolase –– transformationtransformation ofof 22--phosphoglyceratephosphoglycerate toto phosphoenolpyruvatephosphoenolpyruvate
metalloproteinmetalloprotein –– Mg(II)Mg(II) inin activeactive centrecentre

:: inhibitedinhibited byby fluoridesfluorides inin combinationcombination withwith endogenousendogenous phosphatesphosphates ((caca 22

enolaseenolase –– transformationtransformation ofof 22--phosphoglyceratephosphoglycerate toto phosphoenolpyruvatephosphoenolpyruvate
metalloproteinmetalloprotein –– Mg(II)Mg(II) inin activeactive centrecentre

:: inhibitedinhibited byby fluoridesfluorides inin combinationcombination withwith endogenousendogenous phosphatesphosphates ((caca 22:: inhibitedinhibited byby fluoridesfluorides inin combinationcombination withwith endogenousendogenous phosphatesphosphates ((caca 22
mg/mlmg/ml ofof KFKF oror NaFNaF;; bloodblood couldcould bebe storedstored upup toto 2424 hh atat roomroom temperature)temperature)
:: inhibitedinhibited byby fluoridesfluorides inin combinationcombination withwith endogenousendogenous phosphatesphosphates ((caca 22
mg/mlmg/ml ofof KFKF oror NaFNaF;; bloodblood couldcould bebe storedstored upup toto 2424 hh atat roomroom temperature)temperature)

hexokinasehexokinase –– phosphorylationphosphorylation ofof glucoseglucosehexokinasehexokinase –– phosphorylationphosphorylation ofof glucoseglucosep p yp p y gg

:: inhibitedinhibited byby mannosemannose inin surplussurplus (competitive(competitive substrate,substrate, 1515 mmolmmol mannose,mannose,
stabilitystability ofof bloodblood upup toto 1212 hh atat roomroom temperature)temperature)

p p yp p y gg

:: inhibitedinhibited byby mannosemannose inin surplussurplus (competitive(competitive substrate,substrate, 1515 mmolmmol mannose,mannose,
stabilitystability ofof bloodblood upup toto 1212 hh atat roomroom temperature)temperature)
contraindicationcontraindication:: nono useuse ofof hexokinasehexokinase methodmethod forfor glucoseglucose determinationdetermination

:: inhibitedinhibited byby fluoridesfluorides inin combinationcombination ofof anticoagulantiumanticoagulantium (EDTA(EDTA;; perper 11 mlml ofof
bl dbl d 11 66 NN EDTAEDTA dd 22 KF)KF)

contraindicationcontraindication:: nono useuse ofof hexokinasehexokinase methodmethod forfor glucoseglucose determinationdetermination

:: inhibitedinhibited byby fluoridesfluorides inin combinationcombination ofof anticoagulantiumanticoagulantium (EDTA(EDTA;; perper 11 mlml ofof
bl dbl d 11 66 NN EDTAEDTA dd 22 KF)KF)bloodblood 11..66 mgmg NaNa22EDTAEDTA andand 22 mgmg KF)KF)
contraindicationcontraindication:: EDTA,EDTA, KFKF interfereinterferess oror inhibitinhibitss determinationdetermination ofof somesome analytesanalytes
(e(e..gg.. metalloproteins)metalloproteins)

bloodblood 11..66 mgmg NaNa22EDTAEDTA andand 22 mgmg KF)KF)
contraindicationcontraindication:: EDTA,EDTA, KFKF interfereinterferess oror inhibitinhibitss determinationdetermination ofof somesome analytesanalytes
(e(e..gg.. metalloproteins)metalloproteins) 23232323



urineurineurineurine

oneone--shotshot collectioncollection (morning(morning urine)urine) oror collectedcollected urineurine ((1212 oror 2424 hours)hours)
:: catheterisationcatheterisation
oneone--shotshot collectioncollection (morning(morning urine)urine) oror collectedcollected urineurine ((1212 oror 2424 hours)hours)
:: catheterisationcatheterisation:: catheterisationcatheterisation

hygienehygiene ofof collectioncollection –– bacterialbacterial contaminationcontamination

:: catheterisationcatheterisation

hygienehygiene ofof collectioncollection –– bacterialbacterial contaminationcontamination

oneone--shotshot collectioncollection

:: basicbasic analysisanalysis andand urineurine sedimentationsedimentation

oneone--shotshot collectioncollection

:: basicbasic analysisanalysis andand urineurine sedimentationsedimentation
:: analysisanalysis atat latestlatest tilltill 22 hourshours afterafter collectioncollection

collectedcollected urineurine

:: analysisanalysis atat latestlatest tilltill 22 hourshours afterafter collectioncollection

collectedcollected urineurine

:: determinationdetermination ofof somesome ions,ions, urea,urea, glucose,glucose, microalbuminuria,microalbuminuria, creatininecreatinine andand
creatininecreatinine clearanceclearance

:: determinationdetermination ofof somesome ions,ions, urea,urea, glucose,glucose, microalbuminuria,microalbuminuria, creatininecreatinine andand
creatininecreatinine clearanceclearance

:: determinationdetermination ofof somesome hormoneshormones ((1717--ketosteroides,ketosteroides, 55--hydroxyindolacetichydroxyindolacetic aa..
andand vanillylvanillyl mandelicmandelic aa..)) –– conservationconservation byby diluteddiluted HClHCl

:: determinationdetermination ofof somesome hormoneshormones ((1717--ketosteroides,ketosteroides, 55--hydroxyindolacetichydroxyindolacetic aa..
andand vanillylvanillyl mandelicmandelic aa..)) –– conservationconservation byby diluteddiluted HClHCl

:: quantitativequantitative analysisanalysis ofof 2424 hh urineurine –– relationrelation ofof analyteanalyte contentcontent toto itsits dailydaily
excretionexcretion inin urineurine;; volumevolume eliminationelimination

:: quantitativequantitative analysisanalysis ofof 2424 hh urineurine –– relationrelation ofof analyteanalyte contentcontent toto itsits dailydaily
excretionexcretion inin urineurine;; volumevolume eliminationelimination
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conservationconservation agentsagents

:: 55 mlml 1010 %% thymolethymole inin 22 propanolpropanol perper ll ofof urineurine forfor mostmost ofof analysesanalyses

conservationconservation agentsagents

:: 55 mlml 1010 %% thymolethymole inin 22 propanolpropanol perper ll ofof urineurine forfor mostmost ofof analysesanalyses:: 55 mlml 1010 %% thymolethymole inin 22--propanolpropanol perper ll ofof urineurine –– forfor mostmost ofof analysesanalyses

:: sodiumsodium azide,azide, 1010 mmol/lmmol/l urineurine –– glucose,glucose, urea,urea, uricuric acid,acid, Na,Na, Ca,Ca, oxalates,oxalates,
it tit t

:: 55 mlml 1010 %% thymolethymole inin 22--propanolpropanol perper ll ofof urineurine –– forfor mostmost ofof analysesanalyses

:: sodiumsodium azide,azide, 1010 mmol/lmmol/l urineurine –– glucose,glucose, urea,urea, uricuric acid,acid, Na,Na, Ca,Ca, oxalates,oxalates,
it tit tcitratescitrates

:: 2525 mlml HClHCl solutionsolution 66 mol/lmol/l forfor dUdU –– 55--hydroxyindolacetichydroxyindolacetic aa..,, Ca,Ca, Mg,Mg, P,P,

citratescitrates

:: 2525 mlml HClHCl solutionsolution 66 mol/lmol/l forfor dUdU –– 55--hydroxyindolacetichydroxyindolacetic aa..,, Ca,Ca, Mg,Mg, P,P,
catecholaminescatecholamines

:: sodiumsodium carbonate,carbonate, 22g/lg/l ureaurea –– porphyrines,porphyrines, urobilinogenurobilinogen

catecholaminescatecholamines

:: sodiumsodium carbonate,carbonate, 22g/lg/l ureaurea –– porphyrines,porphyrines, urobilinogenurobilinogen,, g/g/ p p y ,p p y , gg

:: benzoicbenzoic acid,acid, 1010 mgmg nana dUdU –– glucoseglucose

,, g/g/ p p y ,p p y , gg

:: benzoicbenzoic acid,acid, 1010 mgmg nana dUdU –– glucoseglucose

:: adjustmentadjustment ofof urineurine pHpH overover 88 –– uricuric acidacid:: adjustmentadjustment ofof urineurine pHpH overover 88 –– uricuric acidacid
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cerebrospinal liquorcerebrospinal liquorcerebrospinal liquorcerebrospinal liquor

lumballumbal punctionpunctionlumballumbal punctionpunction

determinationdetermination ofof proteins,proteins, glucose,glucose, chlorideschlorides etcetc..

exceptexcept forfor neurologicalneurological investigations,investigations, routineroutine analyticalanalytical methodsmethods areare usedused

determinationdetermination ofof proteins,proteins, glucose,glucose, chlorideschlorides etcetc..

exceptexcept forfor neurologicalneurological investigations,investigations, routineroutine analyticalanalytical methodsmethods areare usedusedexceptexcept forfor neurologicalneurological investigations,investigations, routineroutine analyticalanalytical methodsmethods areare usedusedexceptexcept forfor neurologicalneurological investigations,investigations, routineroutine analyticalanalytical methodsmethods areare usedused

duodenal juiceduodenal juiceduodenal juiceduodenal juice

probeprobe ofof duodenumduodenumprobeprobe ofof duodenumduodenum

analysesanalyses ofof digestiondigestion enzymesenzymes (trypsin),(trypsin), acids,acids, bilebile acidsacids andand colorantscolorants

fastfast changingchanging sample,sample, mustmust bebe thereforetherefore speciallyspecially collectedcollected intointo containerscontainers

analysesanalyses ofof digestiondigestion enzymesenzymes (trypsin),(trypsin), acids,acids, bilebile acidsacids andand colorantscolorants

fastfast changingchanging sample,sample, mustmust bebe thereforetherefore speciallyspecially collectedcollected intointo containerscontainersfastfast changingchanging sample,sample, mustmust bebe thereforetherefore speciallyspecially collectedcollected intointo containerscontainers
cooledcooled withwith iceice andand immediatelyimmediately analysedanalysed
fastfast changingchanging sample,sample, mustmust bebe thereforetherefore speciallyspecially collectedcollected intointo containerscontainers
cooledcooled withwith iceice andand immediatelyimmediately analysedanalysed
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th bi l i l lth bi l i l lth bi l i l lth bi l i l lother biological samplesother biological samplesother biological samplesother biological samples

faeces,faeces, sputum,sputum, fester,fester, saliva,saliva, sweat,sweat, sperm,sperm, mucousmucous membranemembrane smearsmear andand
samplessamples ofof organsorgans andand tissuestissues
faeces,faeces, sputum,sputum, fester,fester, saliva,saliva, sweat,sweat, sperm,sperm, mucousmucous membranemembrane smearsmear andand
samplessamples ofof organsorgans andand tissuestissues

sputum,sputum, sweatsweat –– notnot subjectsubject ofof routineroutine analysesanalyses inin clinicalclinical laboratories,laboratories,
usuallyusually inin microbiologymicrobiology histochemistryhistochemistry etcetc
sputum,sputum, sweatsweat –– notnot subjectsubject ofof routineroutine analysesanalyses inin clinicalclinical laboratories,laboratories,
usuallyusually inin microbiologymicrobiology histochemistryhistochemistry etcetcusuallyusually inin microbiology,microbiology, histochemistryhistochemistry etcetc..

faecesfaeces –– ii..ee.. occultoccult bleedingbleeding (blood(blood inin faeces)faeces)

usuallyusually inin microbiology,microbiology, histochemistryhistochemistry etcetc..

faecesfaeces –– ii..ee.. occultoccult bleedingbleeding (blood(blood inin faeces)faeces)

salivasaliva –– analysisanalysis ofof drugsdrugs ofof abuseabuse (alcohol(alcohol etcetc.. )) andand somesome steroidssteroidssalivasaliva –– analysisanalysis ofof drugsdrugs ofof abuseabuse (alcohol(alcohol etcetc.. )) andand somesome steroidssteroids
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sample preparationsample preparationsample preparationsample preparation

:: wholewhole bloodblood centrifugation,centrifugation, deproteination,deproteination, mineralisation,mineralisation, preconcentrationpreconcentration:: wholewhole bloodblood centrifugation,centrifugation, deproteination,deproteination, mineralisation,mineralisation, preconcentrationpreconcentration

centrifugationcentrifugationcentrifugationcentrifugation

separationseparation ofof sedimentsediment offoff supernatantsupernatant

ditiditi l til ti t if tit if ti ff (RCF)(RCF) titi dd t tt t

separationseparation ofof sedimentsediment offoff supernatantsupernatant

ditiditi l til ti t if tit if ti ff (RCF)(RCF) titi dd t tt tconditionsconditions –– relativerelative centrifugationcentrifugation forceforce (RCF),(RCF), timetime andand temperaturetemperature

RCFRCF –– howhow manymany timestimes isis thethe centrifugationcentrifugation accelerationacceleration higherhigher atat bottombottom thenthen

conditionsconditions –– relativerelative centrifugationcentrifugation forceforce (RCF),(RCF), timetime andand temperaturetemperature

RCFRCF –– howhow manymany timestimes isis thethe centrifugationcentrifugation accelerationacceleration higherhigher atat bottombottom thenthen
gravitationalgravitational accelerationacceleration (g)(g)

intenseintense centrifugationcentrifugation leadsleads toto unwantedunwanted haemolysishaemolysis ofof bloodblood

gravitationalgravitational accelerationacceleration (g)(g)

intenseintense centrifugationcentrifugation leadsleads toto unwantedunwanted haemolysishaemolysis ofof bloodbloodgg yygg yy
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deproteinationdeproteination

deproteinationdeproteination –– necessarynecessary forfor determinationdetermination ofof somesome analytesanalytes

analyteanalyte

deproteinationdeproteination –– necessarynecessary forfor determinationdetermination ofof somesome analytesanalytes

analyteanalyteanalyteanalyte
:: inin supernatantsupernatant –– somesome ionsions oror substratessubstrates

ii di tdi t ii h hh h t t lt t l t it i ii tt li ili i

analyteanalyte
:: inin supernatantsupernatant –– somesome ionsions oror substratessubstrates

ii di tdi t ii h hh h t t lt t l t it i ii tt li ili i:: inin sedimentsediment –– organicorganic phosphor,phosphor, totaltotal proteinprotein inin strongstrong lipaemiclipaemic sera,sera,
proteinprotein nitrogennitrogen byby KjeldahlKjeldahl methodmethod etcetc..

:: inin sedimentsediment –– organicorganic phosphor,phosphor, totaltotal proteinprotein inin strongstrong lipaemiclipaemic sera,sera,
proteinprotein nitrogennitrogen byby KjeldahlKjeldahl methodmethod etcetc..

deproteinationdeproteination techniquestechniques
physicalphysical –– centrifugation,centrifugation, ultracentrifugation,ultracentrifugation, adsorptionadsorption

andand denaturationdenaturation byby heatheat

deproteinationdeproteination techniquestechniques
physicalphysical –– centrifugation,centrifugation, ultracentrifugation,ultracentrifugation, adsorptionadsorption

andand denaturationdenaturation byby heatheatyy

timetime consuming,consuming, designeddesigned forfor specialspecial casescases

yy

timetime consuming,consuming, designeddesigned forfor specialspecial casescases

chemicalchemical –– immunoprecipitationimmunoprecipitation,, dehydrationdehydration oror saltingsalting--outoutchemicalchemical –– immunoprecipitationimmunoprecipitation,, dehydrationdehydration oror saltingsalting--outout

fastfastfastfast
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dehydrationdehydrationdehydrationdehydration

oftenoften usedused
fractionationfractionation ofof proteinsproteins oror forfor specialspecial analyticalanalytical casescases
oftenoften usedused
fractionationfractionation ofof proteinsproteins oror forfor specialspecial analyticalanalytical casescases

stronglystrongly dependsdepends onon pHpH –– proteinsproteins havehave asas positivepositive asas negativenegative chargescharges
:: inin acidicacidic mediamedia –– cationscations,, inin alkalialkali mediamedia –– anionsanions
:: isoelectricisoelectric pointpoint ((pIpI)) –– specificspecific pHpH atat whichwhich proteinprotein isis electroneutralelectroneutral

stronglystrongly dependsdepends onon pHpH –– proteinsproteins havehave asas positivepositive asas negativenegative chargescharges
:: inin acidicacidic mediamedia –– cationscations,, inin alkalialkali mediamedia –– anionsanions
:: isoelectricisoelectric pointpoint ((pIpI)) –– specificspecific pHpH atat whichwhich proteinprotein isis electroneutralelectroneutral:: isoelectricisoelectric pointpoint ((pIpI)) specificspecific pHpH atat whichwhich proteinprotein isis electroneutralelectroneutral
:::: atat isoelectricisoelectric pointpoint proteinsproteins areare labilelabile andand dodo easilyeasily precipitateprecipitate

dehydrationdehydration:: usingusing organicorganic solventssolvents oror saltingsalting--outout

:: isoelectricisoelectric pointpoint ((pIpI)) specificspecific pHpH atat whichwhich proteinprotein isis electroneutralelectroneutral
:::: atat isoelectricisoelectric pointpoint proteinsproteins areare labilelabile andand dodo easilyeasily precipitateprecipitate

dehydrationdehydration:: usingusing organicorganic solventssolvents oror saltingsalting--outoutdehydrationdehydration:: usingusing organicorganic solventssolvents oror saltingsalting--outout

competitioncompetition ofof proteinprotein withwith precipitantprecipitant forfor waterwater
⇒⇒ takestakes somesome waterwater offoff proteinprotein ⇒⇒ proteinprotein isis precipitatedprecipitated

dehydrationdehydration:: usingusing organicorganic solventssolvents oror saltingsalting--outout

competitioncompetition ofof proteinprotein withwith precipitantprecipitant forfor waterwater
⇒⇒ takestakes somesome waterwater offoff proteinprotein ⇒⇒ proteinprotein isis precipitatedprecipitated⇒⇒ takestakes somesome waterwater offoff proteinprotein ⇒⇒ proteinprotein isis precipitatedprecipitated

:: methanol,methanol, ethanol,ethanol, acetoneacetone

⇒⇒ takestakes somesome waterwater offoff proteinprotein ⇒⇒ proteinprotein isis precipitatedprecipitated

:: methanol,methanol, ethanol,ethanol, acetoneacetone

:: donedone atat pIpI:: donedone atat pIpI

dehydrationdehydration ofof proteinsproteins isis mostlymostly reversiblereversible processprocessdehydrationdehydration ofof proteinsproteins isis mostlymostly reversiblereversible processprocess
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saltingsalting--outoutsaltingsalting--outout

usualusual
precipitationprecipitation ofof proteinsproteins inin formform ofof insolubleinsoluble saltssalts
usualusual
precipitationprecipitation ofof proteinsproteins inin formform ofof insolubleinsoluble saltssalts

precipitantsprecipitants::
:: anionicanionic (trichloroacetate,(trichloroacetate, perchlorate,perchlorate, picrate,picrate, thungstate,thungstate, molybdenate,molybdenate,

sulphosalicylate,sulphosalicylate, metaphosphate)metaphosphate)

precipitantsprecipitants::
:: anionicanionic (trichloroacetate,(trichloroacetate, perchlorate,perchlorate, picrate,picrate, thungstate,thungstate, molybdenate,molybdenate,

sulphosalicylate,sulphosalicylate, metaphosphate)metaphosphate)sulphosalicylate,sulphosalicylate, metaphosphate)metaphosphate)

:: cationiccationic (zinc,(zinc, mercury,mercury, cadmium,cadmium, uranium,uranium, thorium,thorium, iron,iron, coppercopper andand lead)lead)

sulphosalicylate,sulphosalicylate, metaphosphate)metaphosphate)

:: cationiccationic (zinc,(zinc, mercury,mercury, cadmium,cadmium, uranium,uranium, thorium,thorium, iron,iron, coppercopper andand lead)lead)

mineralisationmineralisationmineralisationmineralisation

special cases only special cases only special cases only special cases only 

mineralisationmineralisation inin aa drydry waywaymineralisationmineralisation inin aa drydry waywaymineralisationmineralisation inin aa drydry wayway

forfor determinationdetermination ofof C,C, HH andand NN byby elementalelemental analysisanalysis oror determinationdetermination ofof
metalmetal inin biological/organicbiological/organic matrixmatrix byby meansmeans ofof atomicatomic absorptionabsorption

mineralisationmineralisation inin aa drydry wayway

forfor determinationdetermination ofof C,C, HH andand NN byby elementalelemental analysisanalysis oror determinationdetermination ofof
metalmetal inin biological/organicbiological/organic matrixmatrix byby meansmeans ofof atomicatomic absorptionabsorptionmetalmetal inin biological/organicbiological/organic matrixmatrix byby meansmeans ofof atomicatomic absorptionabsorption
spectrophotometryspectrophotometry
metalmetal inin biological/organicbiological/organic matrixmatrix byby meansmeans ofof atomicatomic absorptionabsorption
spectrophotometryspectrophotometry
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mineralisationmineralisation inin aa wetwet waywaymineralisationmineralisation inin aa wetwet waywayyy

forfor determinationdetermination ofof organicorganic phosphorus,phosphorus, determinationdetermination ofof totaltotal proteinprotein
nitrogennitrogen byby meansmeans KjeldahlKjeldahl methodmethod

yy

forfor determinationdetermination ofof organicorganic phosphorus,phosphorus, determinationdetermination ofof totaltotal proteinprotein
nitrogennitrogen byby meansmeans KjeldahlKjeldahl methodmethodnitrogennitrogen byby meansmeans KjeldahlKjeldahl methodmethod

kjeldahlisationkjeldahlisation inin clinicalclinical chemistrychemistry –– mixturemixture containscontains concconc.. sulphuricsulphuric acidacid
withwith differentdifferent saltssalts ee gg KK SOSO andand CuSOCuSO HgSOHgSO andand SeOSeO

nitrogennitrogen byby meansmeans KjeldahlKjeldahl methodmethod

kjeldahlisationkjeldahlisation inin clinicalclinical chemistrychemistry –– mixturemixture containscontains concconc.. sulphuricsulphuric acidacid
withwith differentdifferent saltssalts ee gg KK SOSO andand CuSOCuSO HgSOHgSO andand SeOSeOwithwith differentdifferent salts,salts, ee..gg.. KK22SOSO44 andand CuSOCuSO44,, HgSOHgSO44 andand SeOSeO22withwith differentdifferent salts,salts, ee..gg.. KK22SOSO44 andand CuSOCuSO44,, HgSOHgSO44 andand SeOSeO22

preconcentrationpreconcentrationpreconcentrationpreconcentration

preconcentrationpreconcentration ofof trace,trace, otherwiseotherwise notnot determinable,determinable, amountsamounts ofof analytesanalytes
(proteins)(proteins)

preconcentrationpreconcentration ofof trace,trace, otherwiseotherwise notnot determinable,determinable, amountsamounts ofof analytesanalytes
(proteins)(proteins)

methodsmethods
dialysisdialysis,, ultrafiltrationultrafiltration oror separationseparation onon columncolumn
methodsmethods
dialysisdialysis,, ultrafiltrationultrafiltration oror separationseparation onon columncolumn

:: notnot carriedcarried outout inin commoncommon clinicalclinical laboratorieslaboratories:: notnot carriedcarried outout inin commoncommon clinicalclinical laboratorieslaboratories
32323232



instrumentationinstrumentationinstrumentationinstrumentation
II.II.II.II.

analysers; organisation, integration and analysis miniaturisationanalysers; organisation, integration and analysis miniaturisationanalysers; organisation, integration and analysis miniaturisationanalysers; organisation, integration and analysis miniaturisation

importantimportant changechange inin lastlast 4040 yearsyearsimportantimportant changechange inin lastlast 4040 yearsyears
historyhistoryhistoryhistory

importantimportant changechange inin lastlast 4040 yearsyears

manualmanual plantplant ⇒⇒ automaticautomatic analysersanalysers

importantimportant changechange inin lastlast 4040 yearsyears

manualmanual plantplant ⇒⇒ automaticautomatic analysersanalysers

collectioncollection –– bloodblood isis usingusing injectioninjection needleneedle putput intointo openopen glassglass testtest--tubetube
:: itit isis eithereither unun--closedclosed,, oror inin betterbetter casecase closedclosed withwith corkcork oror rubberrubber plugplug

collectioncollection –– bloodblood isis usingusing injectioninjection needleneedle putput intointo openopen glassglass testtest--tubetube
:: itit isis eithereither unun--closedclosed,, oror inin betterbetter casecase closedclosed withwith corkcork oror rubberrubber plugplug

inin laboratorylaboratory –– grumousgrumous bloodblood mixedmixed byby glassglass stick,stick, centrifugedcentrifuged andand serumserum overover
precipitateprecipitate isis draineddrained byby PasteurPasteur pipette,pipette, carrycarry--overover toto otherother tubetube forfor analysisanalysis
inin laboratorylaboratory –– grumousgrumous bloodblood mixedmixed byby glassglass stick,stick, centrifugedcentrifuged andand serumserum overover
precipitateprecipitate isis draineddrained byby PasteurPasteur pipette,pipette, carrycarry--overover toto otherother tubetube forfor analysisanalysis

:: samplessamples andand preparedprepared agentsagents areare gaugedgauged intointo reactionreaction tubestubes,, andand letlet proceedproceed
respectiverespective chemicalchemical reactionreaction,, recastrecast reactionreaction mixturemixture intointo cuvettecuvette ofof photometer,photometer,
measuremeasure absorbanceabsorbance andand carrycarry--onon withwith analyteanalyte contentcontent calculationcalculation

:: samplessamples andand preparedprepared agentsagents areare gaugedgauged intointo reactionreaction tubestubes,, andand letlet proceedproceed
respectiverespective chemicalchemical reactionreaction,, recastrecast reactionreaction mixturemixture intointo cuvettecuvette ofof photometer,photometer,
measuremeasure absorbanceabsorbance andand carrycarry--onon withwith analyteanalyte contentcontent calculationcalculationeasu eeasu e abso ba ceabso ba ce a da d ca yca y oo tt a a ytea a yte co te tco te t ca cu at oca cu at o

:: determinationdetermination ofof oneone analyteanalyte –– 5050 toto 500500 μlμl ofof serumserum andand otherother 11..55 –– 22 mlml ofof agentsagents

easu eeasu e abso ba ceabso ba ce a da d ca yca y oo tt a a ytea a yte co te tco te t ca cu at oca cu at o

:: determinationdetermination ofof oneone analyteanalyte –– 5050 toto 500500 μlμl ofof serumserum andand otherother 11..55 –– 22 mlml ofof agentsagents

comparisoncomparison:: aroundaround rr.. 19301930 waswas volumevolume ofof reactionreaction mixturemixture forfor determinationdetermination ofof alkalicalkalic
phosphatasephosphatase throughthrough inorganicinorganic phosphatephosphate severalseveral millilitresmillilitres andand incubationincubation lastedlasted caca 4848
hourshours

comparisoncomparison:: aroundaround rr.. 19301930 waswas volumevolume ofof reactionreaction mixturemixture forfor determinationdetermination ofof alkalicalkalic
phosphatasephosphatase throughthrough inorganicinorganic phosphatephosphate severalseveral millilitresmillilitres andand incubationincubation lastedlasted caca 4848
hourshours 33333333



analysersanalysers liquid agentsliquid agentsanalysersanalysers liquid agentsliquid agentsanalysers analysers –– liquid agentsliquid agentsanalysers analysers –– liquid agentsliquid agents

flowflow--throughthrough (50‘s) (50‘s) ⇒⇒ centrifugal centrifugal ⇒⇒ trackedtracked (70‘s) (70‘s) ⇒⇒ revolverrevolverflowflow--throughthrough (50‘s) (50‘s) ⇒⇒ centrifugal centrifugal ⇒⇒ trackedtracked (70‘s) (70‘s) ⇒⇒ revolverrevolver

ltilti h l l ih l l i ll l lll l lltilti h l l ih l l i ll l lll l l: : multimulti--channel analysis channel analysis –– parallel analysesparallel analyses
: : multimulti--component analysis component analysis –– series of analyses in one sampleseries of analyses in one sample
: : multimulti--channel analysis channel analysis –– parallel analysesparallel analyses
: : multimulti--component analysis component analysis –– series of analyses in one sampleseries of analyses in one sample

flowflow--through a.through a.flowflow--through a.through a.

glass capillaries, samples separated by air bubblesglass capillaries, samples separated by air bubbles
:: multimulti--channel analysischannel analysis
glass capillaries, samples separated by air bubblesglass capillaries, samples separated by air bubbles
:: multimulti--channel analysischannel analysis: : multimulti channel analysischannel analysis

high high accuracyaccuracy and and consistencyconsistency of analysesof analyses

: : multimulti channel analysischannel analysis

high high accuracyaccuracy and and consistencyconsistency of analysesof analyses
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centrifugal a.centrifugal a.centrifugal a.centrifugal a.

rotorrotor withwith pitspits arrangedarranged radiallyradially fromfrom centrecentre

twotwo reactionreaction spotsspots separatedseparated byby elevatedelevated partitionpartition

rotorrotor withwith pitspits arrangedarranged radiallyradially fromfrom centrecentre

twotwo reactionreaction spotsspots separatedseparated byby elevatedelevated partitionpartitiontwotwo reactionreaction spotsspots separatedseparated byby elevatedelevated partitionpartition

outerouter pitpit –– photometricphotometric cuvette,cuvette, transparenttransparent windowwindow perpendicularperpendicular toto rotorrotor

twotwo reactionreaction spotsspots separatedseparated byby elevatedelevated partitionpartition

outerouter pitpit –– photometricphotometric cuvette,cuvette, transparenttransparent windowwindow perpendicularperpendicular toto rotorrotor

:: dosingdosing ofof samplesample andand agentsagents byby centrifugationcentrifugation;; samplesample fusionfusion withwith agentsagents
:::: recastrecast intointo measurementmeasurement cellcell

:: dosingdosing ofof samplesample andand agentsagents byby centrifugationcentrifugation;; samplesample fusionfusion withwith agentsagents
:::: recastrecast intointo measurementmeasurement cellcell

rotorrotor –– 2828 positionspositions forfor samples,samples, standardsstandards andand controls,controls, rinsablerinsablerotorrotor –– 2828 positionspositions forfor samples,samples, standardsstandards andand controls,controls, rinsablerinsable

:: batchbatch analysesanalyses (one(one--afterafter--oneone methodmethod measurements)measurements)

disadvantagesdisadvantages:: notnot selectiveselective (no(no randomrandom accessaccess analyses)analyses)

:: batchbatch analysesanalyses (one(one--afterafter--oneone methodmethod measurements)measurements)

disadvantagesdisadvantages:: notnot selectiveselective (no(no randomrandom accessaccess analyses)analyses)gg (( y )y )gg (( y )y )
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tracked a.tracked a.tracked a.tracked a.

copiescopies reactionsreactions inin testtest--tubetubecopiescopies reactionsreactions inin testtest--tubetube

:: continuouscontinuous beltsbelts placedplaced withwith lineslines ofof tubestubes inin waterwater bathbath

:: linearlinear movablemovable doserdoser pipettespipettes serumserum andand fixedfixed doserdoser individualindividual agentsagents

:: continuouscontinuous beltsbelts placedplaced withwith lineslines ofof tubestubes inin waterwater bathbath

:: linearlinear movablemovable doserdoser pipettespipettes serumserum andand fixedfixed doserdoser individualindividual agentsagentsp pp p gg

:: afterafter reactionreaction completioncompletion tubetube contentcontent waswas takentaken upup intointo measuringmeasuring cuvettecuvette

p pp p gg

:: afterafter reactionreaction completioncompletion tubetube contentcontent waswas takentaken upup intointo measuringmeasuring cuvettecuvette

:: testtest--tubestubes areare thenthen rinsedrinsed,, drieddried andand usedused againagain forfor analysesanalyses

:::: verbatimverbatim singlesingle filefile ofof marchingmarching tubes“tubes“

:: testtest--tubestubes areare thenthen rinsedrinsed,, drieddried andand usedused againagain forfor analysesanalyses

:::: verbatimverbatim singlesingle filefile ofof marchingmarching tubes“tubes“:::: verbatimverbatim singlesingle filefile ofof „marching„marching tubestubes

disadvantagedisadvantage:: highhigh consumptionconsumption ofof samplesample andand agentsagents

:::: verbatimverbatim singlesingle filefile ofof „marching„marching tubestubes

disadvantagedisadvantage:: highhigh consumptionconsumption ofof samplesample andand agentsagents
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revolver a.revolver a.revolver a.revolver a.

wheelwheel ofof samplesample holders,holders, agentsagents andand reactionreaction cuvettescuvettes withwith doserdoser systemsystem
:: processorprocessor controlledcontrolled
:: absorbanceabsorbance measurementmeasurement 340340 600600 nmnm byby commutablecommutable filtersfilters ((55 88))

wheelwheel ofof samplesample holders,holders, agentsagents andand reactionreaction cuvettescuvettes withwith doserdoser systemsystem
:: processorprocessor controlledcontrolled
:: absorbanceabsorbance measurementmeasurement 340340 600600 nmnm byby commutablecommutable filtersfilters ((55 88)):: absorbanceabsorbance measurementmeasurement 340340 –– 600600 nmnm byby commutablecommutable filtersfilters ((55 –– 88))

smallsmall,, middlemiddle oror bigbig
hh ff h dh d ( l( l h )h )

:: absorbanceabsorbance measurementmeasurement 340340 –– 600600 nmnm byby commutablecommutable filtersfilters ((55 –– 88))

smallsmall,, middlemiddle oror bigbig
hh ff h dh d ( l( l h )h ):: averageaverage hourhour performanceperformance reachedreached (analyses(analyses perper hour)hour)

:::: performanceperformance goesgoes fromfrom hundredshundreds upup toto thousandsthousands perper hourhour
:: averageaverage hourhour performanceperformance reachedreached (analyses(analyses perper hour)hour)
:::: performanceperformance goesgoes fromfrom hundredshundreds upup toto thousandsthousands perper hourhour

methodmethod palletpallet,, withoutwithout rere--programmingprogramming:: 1515 –– 5050

specialspecial analysersanalysers –– chosenchosen groupsgroups ofof analytesanalytes accordingaccording toto medicalmedical demandsdemands

methodmethod palletpallet,, withoutwithout rere--programmingprogramming:: 1515 –– 5050

specialspecial analysersanalysers –– chosenchosen groupsgroups ofof analytesanalytes accordingaccording toto medicalmedical demandsdemandspp yy g pg p yy gg
:: dangerousdangerous drugdrug monitoring,monitoring, urineurine analysis,analysis, hormonehormone determination,determination,

oncomarkersoncomarkers determination,determination, coagulationcoagulation haematologichaematologic instrumentsinstruments (blood(blood
particlesparticles countercounter etcetc..))

pp yy g pg p yy gg
:: dangerousdangerous drugdrug monitoring,monitoring, urineurine analysis,analysis, hormonehormone determination,determination,

oncomarkersoncomarkers determination,determination, coagulationcoagulation haematologichaematologic instrumentsinstruments (blood(blood
particlesparticles countercounter etcetc..))particlesparticles countercounter etcetc..))

urgenturgent (acute)(acute) investigationsinvestigations –– specialspecial smallsmall aa..

particlesparticles countercounter etcetc..))

urgenturgent (acute)(acute) investigationsinvestigations –– specialspecial smallsmall aa..
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analysersanalysers –– dry chemistrydry chemistryanalysersanalysers –– dry chemistrydry chemistryanalysers analysers dry chemistrydry chemistryanalysers analysers dry chemistrydry chemistry

dd h i th i t tt ii dd t tt tdd h i th i t tt ii dd t tt tdrydry chemistrychemistry –– agentsagents inin drydry statestate

platesplates oror stripsstrips –– carrierscarriers forfor reagentsreagents

drydry chemistrychemistry –– agentsagents inin drydry statestate

platesplates oror stripsstrips –– carrierscarriers forfor reagentsreagents

principlesprinciples ofof signalsignal measurementmeasurement::
colourimetrycolourimetry,, reflectometryreflectometry,, potentiometrypotentiometry andand immunochemicalimmunochemical reactionsreactions
principlesprinciples ofof signalsignal measurementmeasurement::
colourimetrycolourimetry,, reflectometryreflectometry,, potentiometrypotentiometry andand immunochemicalimmunochemical reactionsreactions

upup toto 5050 differentdifferent analysesanalyses typestypes

analyseranalyser withwith platesplates:: containscontains holderholder withwith plates,plates, standstand forfor moremore
ll dd dd

upup toto 5050 differentdifferent analysesanalyses typestypes

analyseranalyser withwith platesplates:: containscontains holderholder withwith plates,plates, standstand forfor moremore
ll dd ddsamplessamples andand doserdoser

samplesample intointo windowwindow onon oneone sideside ofof plateplate;; soakedsoaked intointo reactionreaction zonezone ⇒⇒
respectiverespective chemicalchemical reactionreaction;; responseresponse isis measuredmeasured inin windowwindow onon thethe otherother

samplessamples andand doserdoser

samplesample intointo windowwindow onon oneone sideside ofof plateplate;; soakedsoaked intointo reactionreaction zonezone ⇒⇒
respectiverespective chemicalchemical reactionreaction;; responseresponse isis measuredmeasured inin windowwindow onon thethe otherotherrespectiverespective chemicalchemical reactionreaction;; responseresponse isis measuredmeasured inin windowwindow onon thethe otherother
sideside ofof plateplate

analysersanalysers withwith diagnosticdiagnostic stripsstrips:: reflectometricreflectometric measurementmeasurement ofof

respectiverespective chemicalchemical reactionreaction;; responseresponse isis measuredmeasured inin windowwindow onon thethe otherother
sideside ofof plateplate

analysersanalysers withwith diagnosticdiagnostic stripsstrips:: reflectometricreflectometric measurementmeasurement ofofanalysersanalysers withwith diagnosticdiagnostic stripsstrips:: reflectometricreflectometric measurementmeasurement ofof
reactionreaction spotspot colourcolour
analysersanalysers withwith diagnosticdiagnostic stripsstrips:: reflectometricreflectometric measurementmeasurement ofof
reactionreaction spotspot colourcolour
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allows either individual analyses or analysis of a series of analytesallows either individual analyses or analysis of a series of analytesallows either individual analyses or analysis of a series of analytesallows either individual analyses or analysis of a series of analytes

samplesample

10 μl10 μl
20 μl20 μl

distilled
water

distilled
water

rinsingrinsingproduct
forming
product
forming

reagentsreagentsblood
sample
blood

sample dry
measurement

dry
measurement

dd h i th i t i ibiliti ibilit ff f tf t ll t tt t ltlt llll l tl tdd h i th i t i ibiliti ibilit ff f tf t ll t tt t ltlt llll l tl tdrydry chemistrychemistry –– impossibilityimpossibility ofof fastfast samplesample transporttransport oror resultsresults;; smallsmall analyteanalyte
volumevolume
drydry chemistrychemistry –– impossibilityimpossibility ofof fastfast samplesample transporttransport oror resultsresults;; smallsmall analyteanalyte
volumevolume

:: easyeasy operationoperation;; notnot suitablesuitable forfor highhigh--qualityquality screeningscreening;;
referencereference determinationdetermination

:: easyeasy operationoperation;; notnot suitablesuitable forfor highhigh--qualityquality screeningscreening;;
referencereference determinationdetermination
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other analysersother analysersother analysersother analysers

AASAAS (atomic(atomic absorptionabsorption spectrometry)spectrometry),, FFAASS (fluorescence(fluorescence absorptionabsorption
spectrometry)spectrometry),, centrifuges,centrifuges, CZECZE andand PAGEPAGE ofof proteinsproteins andand
li t ili t i HH tt tt l tl t

AASAAS (atomic(atomic absorptionabsorption spectrometry)spectrometry),, FFAASS (fluorescence(fluorescence absorptionabsorption
spectrometry)spectrometry),, centrifuges,centrifuges, CZECZE andand PAGEPAGE ofof proteinsproteins andand
li t ili t i HH tt tt l tl tlipoproteins,lipoproteins, scanners,scanners, pHpH--metres,metres, osmometersosmometers,, coulometerscoulometers,,
fluorimetersfluorimeters,, NANA analysers,analysers, chromatographs,chromatographs, massmass
spectrometersspectrometers……

lipoproteins,lipoproteins, scanners,scanners, pHpH--metres,metres, osmometersosmometers,, coulometerscoulometers,,
fluorimetersfluorimeters,, NANA analysers,analysers, chromatographs,chromatographs, massmass
spectrometersspectrometers……
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changechange ofof laboratorylaboratory diagnosticsdiagnostics toto laboratorylaboratory medicinemedicinechangechange ofof laboratorylaboratory diagnosticsdiagnostics toto laboratorylaboratory medicinemedicine

⇒⇒ advancesadvances inin instrumentation!instrumentation!⇒⇒ advancesadvances inin instrumentation!instrumentation!

laboratorylaboratory medicinemedicine ⇐⇐ pathologypathology andand laboratorylaboratory praxispraxis inin thethe beginningbeginning ofof
1919cccc (C(C.. Bernard,Bernard, RR.. Virchow,Virchow, JJ.. HopkinsHopkins andand others)others)
laboratorylaboratory medicinemedicine ⇐⇐ pathologypathology andand laboratorylaboratory praxispraxis inin thethe beginningbeginning ofof
1919cccc (C(C.. Bernard,Bernard, RR.. Virchow,Virchow, JJ.. HopkinsHopkins andand others)others)

tilltill 3030‘s‘s usedused toto additionallyadditionally approveapprove diagnosisdiagnosis –– laboratorylaboratory diagnosticsdiagnostics

developmentdevelopment afterafter 19501950 –– rapidrapid increaseincrease inin numbernumber ofof laboratorylaboratory

tilltill 3030‘s‘s usedused toto additionallyadditionally approveapprove diagnosisdiagnosis –– laboratorylaboratory diagnosticsdiagnostics

developmentdevelopment afterafter 19501950 –– rapidrapid increaseincrease inin numbernumber ofof laboratorylaboratorydevelopmentdevelopment afterafter 19501950 –– rapidrapid increaseincrease inin numbernumber ofof laboratorylaboratory
investigationsinvestigations withwith accessionaccession ofof novelnovel diagnosticdiagnostic method,method, namelynamely withwith
immunodiagnosticsimmunodiagnostics (around(around 19601960),), speedspeed upup byby automationautomation andand

t i tit i ti ff ll ( ft( ft 19701970)) dd bb l ll l bi lbi l ( ft( ft

developmentdevelopment afterafter 19501950 –– rapidrapid increaseincrease inin numbernumber ofof laboratorylaboratory
investigationsinvestigations withwith accessionaccession ofof novelnovel diagnosticdiagnostic method,method, namelynamely withwith
immunodiagnosticsimmunodiagnostics (around(around 19601960),), speedspeed upup byby automationautomation andand

t i tit i ti ff ll ( ft( ft 19701970)) dd bb l ll l bi lbi l ( ft( ftcomputerisationcomputerisation ofof analysesanalyses (after(after 19701970));; andand byby molecularmolecular biologybiology (after(after
19901990))
computerisationcomputerisation ofof analysesanalyses (after(after 19701970));; andand byby molecularmolecular biologybiology (after(after
19901990))

19701970 –– 19901990 :: interinter--annualannual increaseincrease ofof analysesanalyses numbernumber inin caca 1212 %%,, costscosts ofof
laboratorylaboratory diagnosticsdiagnostics reachedreached alreadyalready almostalmost 1010 %% ofof totaltotal costscosts ofof healthhealth
carecare

19701970 –– 19901990 :: interinter--annualannual increaseincrease ofof analysesanalyses numbernumber inin caca 1212 %%,, costscosts ofof
laboratorylaboratory diagnosticsdiagnostics reachedreached alreadyalready almostalmost 1010 %% ofof totaltotal costscosts ofof healthhealth
carecare
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redeploymentredeploymentredeploymentredeploymentp yp y

efficiencyefficiency ofof workwork –– consolidationconsolidation ofof detacheddetached sectionssections (haematology,(haematology,
clinicalclinical biochemistrybiochemistry immunologyimmunology partiallypartially microbiology)microbiology) ⇒⇒

p yp y

efficiencyefficiency ofof workwork –– consolidationconsolidation ofof detacheddetached sectionssections (haematology,(haematology,
clinicalclinical biochemistrybiochemistry immunologyimmunology partiallypartially microbiology)microbiology) ⇒⇒clinicalclinical biochemistry,biochemistry, immunology,immunology, partiallypartially microbiology)microbiology) ⇒⇒

⇒⇒ consolidateconsolidate laboratorieslaboratories;; fasterfaster andand cheapercheaper complexcomplex serviceservice

bedbed sideside monitoringmonitoring

clinicalclinical biochemistry,biochemistry, immunology,immunology, partiallypartially microbiology)microbiology) ⇒⇒
⇒⇒ consolidateconsolidate laboratorieslaboratories;; fasterfaster andand cheapercheaper complexcomplex serviceservice

bedbed sideside monitoringmonitoringbedbed--sideside monitoringmonitoring
fastfast analysisanalysis atat bedbed ofof patientpatient byby staffstaff ofof clinicclinic
acuteacute analysesanalyses inin situsitu –– soso--calledcalled ppointoint--ooff--ccareare ttestingesting (POCT)(POCT)
li i lli i l h i th i t ff tt t tt t

bedbed--sideside monitoringmonitoring
fastfast analysisanalysis atat bedbed ofof patientpatient byby staffstaff ofof clinicclinic
acuteacute analysesanalyses inin situsitu –– soso--calledcalled ppointoint--ooff--ccareare ttestingesting (POCT)(POCT)
li i lli i l h i th i t ff tt t tt tclinicalclinical chemistrychemistry ofof acuteacute statesstates

investigationinvestigation ofof soso--calledcalled internalinternal statestate ofof patientpatient:: bloodblood pH,pH, pOpO22,, pCOpCO22,,
ionsions ofof sodium,sodium, potassium,potassium, chlorideschlorides andand haemoglobinhaemoglobin oror haematocrithaematocrit

clinicalclinical chemistrychemistry ofof acuteacute statesstates
investigationinvestigation ofof soso--calledcalled internalinternal statestate ofof patientpatient:: bloodblood pH,pH, pOpO22,, pCOpCO22,,
ionsions ofof sodium,sodium, potassium,potassium, chlorideschlorides andand haemoglobinhaemoglobin oror haematocrithaematocrit

patientpatient selfself--monitoringmonitoring (home(home diagnostics)diagnostics) analysisanalysis oror investigationinvestigation cancan
patientpatient conductconduct atat homehome alonealone
patientpatient selfself--monitoringmonitoring (home(home diagnostics)diagnostics) analysisanalysis oror investigationinvestigation cancan
patientpatient conductconduct atat homehome alonealonepp
checkcheck ofof actualactual state,state, medicationmedication dosing,dosing, oror signalsignal toto visitvisit doctordoctor

miniaturisationminiaturisation andand automationautomation –– robotisedrobotised complexescomplexes,,

pp
checkcheck ofof actualactual state,state, medicationmedication dosing,dosing, oror signalsignal toto visitvisit doctordoctor

miniaturisationminiaturisation andand automationautomation –– robotisedrobotised complexescomplexes,,miniaturisationminiaturisation andand automationautomation robotisedrobotised complexescomplexes,,
soso--calledcalled diagnosticdiagnostic centrescentres

miniaturisationminiaturisation andand automationautomation robotisedrobotised complexescomplexes,,
soso--calledcalled diagnosticdiagnostic centrescentres
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centralisationcentralisationcentralisationcentralisation

consolidatedconsolidated laboratorieslaboratories

simultaneoussimultaneous biochemical,biochemical, haematological,haematological, immunochemicalimmunochemical analyses,analyses,

consolidatedconsolidated laboratorieslaboratories

simultaneoussimultaneous biochemical,biochemical, haematological,haematological, immunochemicalimmunochemical analyses,analyses,
detectiondetection ofof somesome targettarget NANA sequencessequences ++ microbiologicalmicrobiological analysesanalysesdetectiondetection ofof somesome targettarget NANA sequencessequences ++ microbiologicalmicrobiological analysesanalyses

concentrationconcentration ofof analysesanalyses originallyoriginally fromfrom isolatedisolated laboratorieslaboratories ofof clinicalclinicalconcentrationconcentration ofof analysesanalyses originallyoriginally fromfrom isolatedisolated laboratorieslaboratories ofof clinicalclinicalconcentrationconcentration ofof analysesanalyses originallyoriginally fromfrom isolatedisolated laboratorieslaboratories ofof clinicalclinical
biochemistry,biochemistry, haematology,haematology, microbiology,microbiology, immunochemistryimmunochemistry andand soso on,on, intointo
aa complex,complex, whichwhich isis ableable toto provideprovide investigationinvestigation ofof biologicalbiological samplessamples onon
oneone placeplace ofof mainmain laboratorylaboratory fasterfaster andand cheapercheaper acrossacross traditionaltraditional branchbranch

concentrationconcentration ofof analysesanalyses originallyoriginally fromfrom isolatedisolated laboratorieslaboratories ofof clinicalclinical
biochemistry,biochemistry, haematology,haematology, microbiology,microbiology, immunochemistryimmunochemistry andand soso on,on, intointo
aa complex,complex, whichwhich isis ableable toto provideprovide investigationinvestigation ofof biologicalbiological samplessamples onon
oneone placeplace ofof mainmain laboratorylaboratory fasterfaster andand cheapercheaper acrossacross traditionaltraditional branchbranchoneone placeplace ofof mainmain laboratorylaboratory fasterfaster andand cheaper,cheaper, acrossacross traditionaltraditional branchbranch
divisiondivision
oneone placeplace ofof mainmain laboratorylaboratory fasterfaster andand cheaper,cheaper, acrossacross traditionaltraditional branchbranch
divisiondivision
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diagnosticdiagnostic centrescentres

:: complexcomplex analysesanalyses palletpallet

diagnosticdiagnostic centrescentres

:: complexcomplex analysesanalyses palletpallet:: complexcomplex analysesanalyses palletpallet
:: highhigh degreedegree ofof automationautomation
:::: localisationlocalisation ofof samplessamples withwith patientpatient barbar codescodes onon cartcart movingmoving onon aa

trajectorytrajectory aroundaround mutuallymutually compatiblecompatible analysersanalysers fullyfully automatedautomated samplesample

:: complexcomplex analysesanalyses palletpallet
:: highhigh degreedegree ofof automationautomation
:::: localisationlocalisation ofof samplessamples withwith patientpatient barbar codescodes onon cartcart movingmoving onon aa

trajectorytrajectory aroundaround mutuallymutually compatiblecompatible analysersanalysers fullyfully automatedautomated samplesampletrajectorytrajectory aroundaround mutuallymutually compatiblecompatible analysers,analysers, fullyfully automatedautomated samplesample
gauge,gauge, analysisanalysis conductconduct andand releaserelease findingfinding
trajectorytrajectory aroundaround mutuallymutually compatiblecompatible analysers,analysers, fullyfully automatedautomated samplesample
gauge,gauge, analysisanalysis conductconduct andand releaserelease findingfinding

:: modularmodular connectionconnection ofof compatiblecompatible analysersanalysers
:: controlledcontrolled complexcomplex
:: analysesanalyses practicallypractically withoutwithout humanhuman touchtouch

:: modularmodular connectionconnection ofof compatiblecompatible analysersanalysers
:: controlledcontrolled complexcomplex
:: analysesanalyses practicallypractically withoutwithout humanhuman touchtouch:: analysesanalyses practicallypractically withoutwithout humanhuman touchtouch

samplessamples ofof patientspatients inin disposabledisposable collectioncollection containerscontainers
withwith barbar codecode whichwhich includesincludes requestedrequested analysesanalyses ++

:: analysesanalyses practicallypractically withoutwithout humanhuman touchtouch

samplessamples ofof patientspatients inin disposabledisposable collectioncollection containerscontainers
withwith barbar codecode whichwhich includesincludes requestedrequested analysesanalyses ++withwith barbar codecode,, whichwhich includesincludes requestedrequested analysesanalyses ++
identificationidentification marksmarks

ll di i idi i i i ti t t bt b t dt d ll

withwith barbar codecode,, whichwhich includesincludes requestedrequested analysesanalyses ++
identificationidentification marksmarks

ll di i idi i i i ti t t bt b t dt d llsamplesample divisiondivision intointo tubestubes asas perper requestedrequested analysesanalyses
:: samplessamples areare automaticallyautomatically movedmoved betweenbetween analysersanalysers
:: cumulationcumulation ofof diagnosesdiagnoses andand patientpatient databasedatabase

samplesample divisiondivision intointo tubestubes asas perper requestedrequested analysesanalyses
:: samplessamples areare automaticallyautomatically movedmoved betweenbetween analysersanalysers
:: cumulationcumulation ofof diagnosesdiagnoses andand patientpatient databasedatabase
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diagnostic center organisation diagnostic center organisation 

: core laboratory
:: ca. 75 % of agency

: core laboratory
:: ca. 75 % of agency
:: analytical chemistry, haematology, toxicology, immunology, urine analyses

: microbiology
:: ca 20 % of agency

:: analytical chemistry, haematology, toxicology, immunology, urine analyses

: microbiology
:: ca 20 % of agency:: ca. 20 % of agency
:: blood and urine sample cultivation, serology

: transfusion services

:: ca. 20 % of agency
:: blood and urine sample cultivation, serology

: transfusion services: transfusion services
:: ca. 5 % of agency
:: blood-typing and pre-tranfusion cross-matching tests

: transfusion services
:: ca. 5 % of agency
:: blood-typing and pre-tranfusion cross-matching tests

small,small, specialisedspecialised laboratorieslaboratories acuteacute analyses,analyses, analysesanalyses forforsmall,small, specialisedspecialised laboratorieslaboratories acuteacute analyses,analyses, analysesanalyses forfor
consultationconsultation centrescentres (diabetology,(diabetology, urology,urology, toxicologytoxicology etcetc..),), wherewhere isis
properproper oror necessarynecessary toto conductconduct basicbasic analysesanalyses inin situsitu andand asas fastfast asas
possiblepossible

consultationconsultation centrescentres (diabetology,(diabetology, urology,urology, toxicologytoxicology etcetc..),), wherewhere isis
properproper oror necessarynecessary toto conductconduct basicbasic analysesanalyses inin situsitu andand asas fastfast asas
possiblepossible
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miniaturisationminiaturisationminiaturisationminiaturisation

longlong--termterm trendtrend
:: ΔΔ sizesize ofof analyticalanalytical spotspot fromfrom micromicro-- toto nanometrenanometre
:: ΔΔ volumevolume ofof samplesample andand agentsagents toto submicrolitressubmicrolitres

longlong--termterm trendtrend
:: ΔΔ sizesize ofof analyticalanalytical spotspot fromfrom micromicro-- toto nanometrenanometre
:: ΔΔ volumevolume ofof samplesample andand agentsagents toto submicrolitressubmicrolitres
:::: microchipsmicrochips hashas analyticalanalytical spotsspots ofof sizesize approxapprox.. 1010 toto 100100 μμmm
:::: sizesize ofof humanhuman erythrocyteserythrocytes isis 77 μμmm
:::: microchipsmicrochips hashas analyticalanalytical spotsspots ofof sizesize approxapprox.. 1010 toto 100100 μμmm
:::: sizesize ofof humanhuman erythrocyteserythrocytes isis 77 μμmm

microelectronicsmicroelectronics terminologyterminology

chipchip (orig(orig.. thinthin plateplate ofof semiconductor)semiconductor):: assemblyassembly ofof analyticalanalytical spotsspots

microelectronicsmicroelectronics terminologyterminology

chipchip (orig(orig.. thinthin plateplate ofof semiconductor)semiconductor):: assemblyassembly ofof analyticalanalytical spotsspots
onon matrixmatrix ((microwellsmicrowells oror microdotsmicrodots containingcontaining allall necessarynecessary reagenciesreagencies));; ++
otherother functionalfunctional elementselements:: channels,channels, micropumpsmicropumps,, sensorssensors etcetc..
onon matrixmatrix ((microwellsmicrowells oror microdotsmicrodots containingcontaining allall necessarynecessary reagenciesreagencies));; ++
otherother functionalfunctional elementselements:: channels,channels, micropumpsmicropumps,, sensorssensors etcetc..

arrayarray (orig(orig.. arrangementarrangement inin rowsrows andand columnscolumns;; systemsystem ofof organisedorganised
elements)elements):: aa wayway howhow toto arrangearrange systemsystem ofof analyticalanalytical spotsspots andand functionsfunctions
onon matrixmatrix

arrayarray (orig(orig.. arrangementarrangement inin rowsrows andand columnscolumns;; systemsystem ofof organisedorganised
elements)elements):: aa wayway howhow toto arrangearrange systemsystem ofof analyticalanalytical spotsspots andand functionsfunctions
onon matrixmatrixonon matrixmatrix

microanalyticalmicroanalytical unitunit –– wholewhole analyticalanalytical system,system, ii..ee.. completecomplete
microanalysermicroanalyser includingincluding dosersdosers valvesvalves andand detectorsdetectors ofof measuredmeasured signalsignal

onon matrixmatrix

microanalyticalmicroanalytical unitunit –– wholewhole analyticalanalytical system,system, ii..ee.. completecomplete
microanalysermicroanalyser includingincluding dosersdosers valvesvalves andand detectorsdetectors ofof measuredmeasured signalsignalmicroanalysermicroanalyser,, includingincluding dosersdosers,, valvesvalves andand detectorsdetectors ofof measuredmeasured signalsignalmicroanalysermicroanalyser,, includingincluding dosersdosers,, valvesvalves andand detectorsdetectors ofof measuredmeasured signalsignal
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technologytechnology ofof microanalyticalmicroanalytical devicesdevicestechnologytechnology ofof microanalyticalmicroanalytical devicesdevicestechnologytechnology ofof microanalyticalmicroanalytical devicesdevices
⇒⇒ capturecapture ofof certaincertain targettarget groupsgroups inin samplesample byby appropriateappropriate sensorsensor (probe)(probe)

sensorsensor affinityaffinity systemsystem (antibody(antibody enzymeenzyme proteinprotein NANA oror completecomplete

technologytechnology ofof microanalyticalmicroanalytical devicesdevices
⇒⇒ capturecapture ofof certaincertain targettarget groupsgroups inin samplesample byby appropriateappropriate sensorsensor (probe)(probe)

sensorsensor affinityaffinity systemsystem (antibody(antibody enzymeenzyme proteinprotein NANA oror completecompletesensorsensor –– affinityaffinity systemsystem (antibody,(antibody, enzyme,enzyme, protein,protein, NANA oror completecomplete
biologicalbiological system)system)

d t tid t ti ti lti l th dth d l t h i ll t h i l tt titi

sensorsensor –– affinityaffinity systemsystem (antibody,(antibody, enzyme,enzyme, protein,protein, NANA oror completecomplete
biologicalbiological system)system)

d t tid t ti ti lti l th dth d l t h i ll t h i l tt titidetectiondetection –– opticaloptical methods,methods, electrochemicalelectrochemical oror measurementsmeasurements reactingreacting onon
massmass (e(e..gg.. acousticacoustic waves)waves)
detectiondetection –– opticaloptical methods,methods, electrochemicalelectrochemical oror measurementsmeasurements reactingreacting onon
massmass (e(e..gg.. acousticacoustic waves)waves)

basicbasic divisiondivision ofof microanalyticalmicroanalytical devicesdevices

i tii ti l tl t ithith hi hhi h d itd it ff titi tt

basicbasic divisiondivision ofof microanalyticalmicroanalytical devicesdevices

i tii ti l tl t ithith hi hhi h d itd it ff titi tt:: microreactionmicroreaction platesplates withwith highhigh densitydensity ofof reactionreaction sspotpotss
:: onon--surfacesurface reactivereactive sspotpotss
:: microchipsmicrochips andand nanochipsnanochips

:: microreactionmicroreaction platesplates withwith highhigh densitydensity ofof reactionreaction sspotpotss
:: onon--surfacesurface reactivereactive sspotpotss
:: microchipsmicrochips andand nanochipsnanochips
:: sensorssensors andand biosensorsbiosensors (biochips)(biochips):: sensorssensors andand biosensorsbiosensors (biochips)(biochips)
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microreactionmicroreaction platesplates withwith highhigh densitydensity ofof reactionreaction spotsspotsmicroreactionmicroreaction platesplates withwith highhigh densitydensity ofof reactionreaction spotsspots

originallyoriginally microtitrationmicrotitration ELISAELISA plateplate:: transparenttransparent polystyrene,polystyrene, 88xx1212 ((9696))
wellswells onon 99xx1212 cm,cm, volumevolume ofof wellwell isis caca 00..22 mlml
originallyoriginally microtitrationmicrotitration ELISAELISA plateplate:: transparenttransparent polystyrene,polystyrene, 88xx1212 ((9696))
wellswells onon 99xx1212 cm,cm, volumevolume ofof wellwell isis caca 00..22 mlml

contemporarycontemporary microreactionmicroreaction platesplates:: fromfrom 192192 toto 2000020000 microwells,microwells, volumevolume
125125 μμll toto 5050 nlnl
contemporarycontemporary microreactionmicroreaction platesplates:: fromfrom 192192 toto 2000020000 microwells,microwells, volumevolume
125125 μμll toto 5050 nlnl

praxispraxis:: chipchip devicesdevices withwith caca 100100 analyticalanalytical spotsspots;; compromisecompromise betweenbetween
miniaturisationminiaturisation andand itsits priceprice
praxispraxis:: chipchip devicesdevices withwith caca 100100 analyticalanalytical spotsspots;; compromisecompromise betweenbetween
miniaturisationminiaturisation andand itsits priceprice

microdosersmicrodosers (based(based onon inkink--jetjet technology,technology, dosingdosing micromicro-- toto nanolitres)nanolitres)
microdetectorsmicrodetectors (connection(connection ofof microscopemicroscope withwith photometerphotometer oror
fluorometer)fluorometer) measuresmeasures signalsignal (e(e..gg.. absorbance)absorbance) inin microwellmicrowell ofof plateplate upsideupside

microdosersmicrodosers (based(based onon inkink--jetjet technology,technology, dosingdosing micromicro-- toto nanolitres)nanolitres)
microdetectorsmicrodetectors (connection(connection ofof microscopemicroscope withwith photometerphotometer oror
fluorometer)fluorometer) measuresmeasures signalsignal (e(e..gg.. absorbance)absorbance) inin microwellmicrowell ofof plateplate upsideupside)) gg (( gg )) pp pp
downdown;; wellwell isis simultaneouslysimultaneously reactionreaction cellcell andand alsoalso measuringmeasuring cuvettecuvette

measurementmeasurement:: methodmethod „mix„mix andand measure“measure“

)) gg (( gg )) pp pp
downdown;; wellwell isis simultaneouslysimultaneously reactionreaction cellcell andand alsoalso measuringmeasuring cuvettecuvette

measurementmeasurement:: methodmethod „mix„mix andand measure“measure“

microreactionmicroreaction platesplates –– polymerpolymer materialmaterial;; castedcasted oror drilleddrilled wellswells byby laser,laser,
laserlaser ablationablation etcetc..
microreactionmicroreaction platesplates –– polymerpolymer materialmaterial;; castedcasted oror drilleddrilled wellswells byby laser,laser,
laserlaser ablationablation etcetc..

microreactionmicroreaction platesplates –– microchipmicrochip andand microarraymicroarraymicroreactionmicroreaction platesplates –– microchipmicrochip andand microarraymicroarray
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reactionreaction systemsystem directlydirectly onon aa plateplate caca 11 toto 22 cmcm22 (not(not inin microwell)microwell)reactionreaction systemsystem directlydirectly onon aa plateplate caca 11 toto 22 cmcm22 (not(not inin microwell)microwell)

onon--surfacesurface reactionreaction spotsspotsonon--surfacesurface reactionreaction spotsspots

reactionreaction systemsystem –– directlydirectly onon aa plate,plate, caca 11 toto 22 cmcm22 (not(not inin microwell)microwell)

:: hundredshundreds ofof microdotsmicrodots ofof sizesize 1010 –– 100100 μμmm

reactionreaction systemsystem –– directlydirectly onon aa plate,plate, caca 11 toto 22 cmcm22 (not(not inin microwell)microwell)

:: hundredshundreds ofof microdotsmicrodots ofof sizesize 1010 –– 100100 μμmm

plateplate materialmaterial:: glass,glass, silicon,silicon, plasticsplastics (Teflon,(Teflon, polymethylmetacrylate,polymethylmetacrylate,
polycarbonate,polycarbonate, polypropylene,polypropylene, polyacrylamidepolyacrylamide etcetc..))

ll l dil di i ki k j tj t t h it h i h t lith hh t lith h

plateplate materialmaterial:: glass,glass, silicon,silicon, plasticsplastics (Teflon,(Teflon, polymethylmetacrylate,polymethylmetacrylate,
polycarbonate,polycarbonate, polypropylene,polypropylene, polyacrylamidepolyacrylamide etcetc..))

ll l dil di i ki k j tj t t h it h i h t lith hh t lith hsamplesample loadingloading:: inkink--jetjet techniquetechnique oror photolithographyphotolithographysamplesample loadingloading:: inkink--jetjet techniquetechnique oror photolithographyphotolithography

analyticalanalytical signalsignal measurementmeasurement:: reflectometryreflectometryanalyticalanalytical signalsignal measurementmeasurement:: reflectometryreflectometry

49494949



microchipsmicrochips andand nanochipsnanochipsmicrochipsmicrochips andand nanochipsnanochips
microchipsmicrochipsmicrochipsmicrochips

matrix/holdermatrix/holder –– caca 11..55xx11..55 cmcm;; thicknessthickness ofof fewfew millimetresmillimetres
materialsmaterials:: glass,glass, silicon,silicon, hydrophobichydrophobic plasticsplastics

ii llll i di d dd bb h lh l i hi h

matrix/holdermatrix/holder –– caca 11..55xx11..55 cmcm;; thicknessthickness ofof fewfew millimetresmillimetres
materialsmaterials:: glass,glass, silicon,silicon, hydrophobichydrophobic plasticsplastics

ii llll i di d dd bb h lh l i hi hreactionreaction spotsspots:: wellswells oror microdotsmicrodots;; connectedconnected byby nanochannelsnanochannels withwith
valvesvalves;; channelschannels areare filledfilled withwith gelgel;;
:: possibilitypossibility toto attachattach electrodeselectrodes ⇒⇒ electricelectric voltagevoltage betweenbetween well/samplewell/sample

reactionreaction spotsspots:: wellswells oror microdotsmicrodots;; connectedconnected byby nanochannelsnanochannels withwith
valvesvalves;; channelschannels areare filledfilled withwith gelgel;;
:: possibilitypossibility toto attachattach electrodeselectrodes ⇒⇒ electricelectric voltagevoltage betweenbetween well/samplewell/sample

andand sensorsensor

samplesample flowflow--raterate isis monitoredmonitored byby sensorssensors withwith laserlaser diodediode (excitation(excitation

andand sensorsensor

samplesample flowflow--raterate isis monitoredmonitored byby sensorssensors withwith laserlaser diodediode (excitation(excitationpp yy ((
byby fluorescencefluorescence;; detectiondetection byby photomultiplierphotomultiplier;; labellinglabelling ofof
reactants/samplesreactants/samples byby fluorophoresfluorophores))

pp yy ((
byby fluorescencefluorescence;; detectiondetection byby photomultiplierphotomultiplier;; labellinglabelling ofof
reactants/samplesreactants/samples byby fluorophoresfluorophores))

analysisanalysis:: DNA,DNA, RNA,RNA, drugsdrugs etcetc..

fluidsfluids areare mobbingmobbing onon principleprinciple ofof electrokinesiselectrokinesis

analysisanalysis:: DNA,DNA, RNA,RNA, drugsdrugs etcetc..

fluidsfluids areare mobbingmobbing onon principleprinciple ofof electrokinesiselectrokinesisfluidsfluids areare mobbingmobbing onon principleprinciple ofof electrokinesiselectrokinesisfluidsfluids areare mobbingmobbing onon principleprinciple ofof electrokinesiselectrokinesis

:: electroosmosiselectroosmosis;; usesuses elel.. fieldfield toto movemove conductiveconductive aqueousaqueous solutionssolutions
:: electrophoresiselectrophoresis;; separationseparation ofof moleculesmolecules byby elel.. fieldfield accordingaccording toto chargecharge
:: electroosmosiselectroosmosis;; usesuses elel.. fieldfield toto movemove conductiveconductive aqueousaqueous solutionssolutions
:: electrophoresiselectrophoresis;; separationseparation ofof moleculesmolecules byby elel.. fieldfield accordingaccording toto chargecharge
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externalexternal micropumpsmicropumps –– otherother solutionsolution deliverydelivery possibilitypossibility
:: butbut theythey areare muchmuch biggerbigger thatthat microchipsmicrochips;; difficultdifficult connectionconnection toto μμ--chipchip

externalexternal micropumpsmicropumps –– otherother solutionsolution deliverydelivery possibilitypossibility
:: butbut theythey areare muchmuch biggerbigger thatthat microchipsmicrochips;; difficultdifficult connectionconnection toto μμ--chipchip

centrifugationcentrifugation analysersanalysers –– solutionsolution forfor externalexternal pumpspumpscentrifugationcentrifugation analysersanalysers –– solutionsolution forfor externalexternal pumpspumps

originallyoriginally forfor analysesanalyses inin weightlessnessweightlessness
microchipmicrochip forfor centrifugationcentrifugation analysisanalysis –– LabCDLabCD
originallyoriginally forfor analysesanalyses inin weightlessnessweightlessness
microchipmicrochip forfor centrifugationcentrifugation analysisanalysis –– LabCDLabCD

materialmaterial:: threethree--layerlayer disc,disc, multiplicatemultiplicate determinationdetermination ofof oneone analyteanalyte typetype ((caca
9696 samesame microcuvettesmicrocuvettes))
contentcontent:: controllingcontrolling softwaresoftware heatingheating elementselements andand microchannelsmicrochannels reactionreaction

materialmaterial:: threethree--layerlayer disc,disc, multiplicatemultiplicate determinationdetermination ofof oneone analyteanalyte typetype ((caca
9696 samesame microcuvettesmicrocuvettes))
contentcontent:: controllingcontrolling softwaresoftware heatingheating elementselements andand microchannelsmicrochannels reactionreactioncontentcontent:: controllingcontrolling software,software, heatingheating elementselements andand microchannelsmicrochannels,, reactionreaction
wells,wells, valvesvalves andand microcuvettesmicrocuvettes
liquidliquid deliverydelivery –– capillarycapillary forces,forces, centrifugationcentrifugation forcesforces

contentcontent:: controllingcontrolling software,software, heatingheating elementselements andand microchannelsmicrochannels,, reactionreaction
wells,wells, valvesvalves andand microcuvettesmicrocuvettes
liquidliquid deliverydelivery –– capillarycapillary forces,forces, centrifugationcentrifugation forcesforces

mixing,mixing, dilution,dilution, washingwashing;; heating,heating, filtering,filtering, lysationlysation,, separationseparation ofof cells,cells,
photometricphotometric oror fluorimetricfluorimetric detectiondetection
mixing,mixing, dilution,dilution, washingwashing;; heating,heating, filtering,filtering, lysationlysation,, separationseparation ofof cells,cells,
photometricphotometric oror fluorimetricfluorimetric detectiondetection

modificationmodification –– systemsystem ofof soso--calledcalled surfacesurface--directeddirected liquidliquid flowflow insideinside
microchannelsmicrochannels –– microfluidmicrofluid systemsystem ⇒⇒ fastfast laminarlaminar flow,flow, molecularmolecular diffusiondiffusion
modificationmodification –– systemsystem ofof soso--calledcalled surfacesurface--directeddirected liquidliquid flowflow insideinside
microchannelsmicrochannels –– microfluidmicrofluid systemsystem ⇒⇒ fastfast laminarlaminar flow,flow, molecularmolecular diffusiondiffusionyy ,,

channelschannels mademade byby photolithographyphotolithography

yy ,,

channelschannels mademade byby photolithographyphotolithography
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L bCDL bCD f tif tiL bCDL bCD f tif tiLabCDLabCD functionfunctionLabCDLabCD functionfunction

1. sample loading1. sample loading1. sample loading1. sample loading

2. centrifugation2. centrifugation2. centrifugation2. centrifugation2. centrifugation 2. centrifugation 
preconcentration on columnpreconcentration on column
2. centrifugation 2. centrifugation 
preconcentration on columnpreconcentration on column

3. column washing3. column washing3. column washing3. column washing

4. column elution4. column elution4. column elution4. column elution

5. sample in detector5. sample in detector5. sample in detector5. sample in detector

52525252



nanochipsnanochipsnanochipsnanochips

furtherfurther miniaturisationminiaturisation microchipsmicrochips ⇒⇒ nanometresnanometres
copyingcopying frequentlyfrequently functionfunction onon biomacromoleculesbiomacromolecules (e(e..gg.. collagencollagen ––
furtherfurther miniaturisationminiaturisation microchipsmicrochips ⇒⇒ nanometresnanometres
copyingcopying frequentlyfrequently functionfunction onon biomacromoleculesbiomacromolecules (e(e..gg.. collagencollagen ––py gpy g q yq y (( gg gg
cable,cable, DNADNA –– memorymemory unit,unit, proteinprotein membranemembrane –– pump)pump)

ultramicroanalysesultramicroanalyses ((nanoanalysesnanoanalyses)) –– drugs,drugs, biologicallybiologically activeactive substance,substance,

py gpy g q yq y (( gg gg
cable,cable, DNADNA –– memorymemory unit,unit, proteinprotein membranemembrane –– pump)pump)

ultramicroanalysesultramicroanalyses ((nanoanalysesnanoanalyses)) –– drugs,drugs, biologicallybiologically activeactive substance,substance,ultramicroanalysesultramicroanalyses ((nanoanalysesnanoanalyses)) drugs,drugs, biologicallybiologically activeactive substance,substance,
immunoanalysisimmunoanalysis,, mitochondrialmitochondrial DNADNA etcetc..

limitationslimitations –– limitslimits ofof analysisanalysis sensitivitysensitivity andand costscosts (rapidly(rapidly increasing)increasing)

ultramicroanalysesultramicroanalyses ((nanoanalysesnanoanalyses)) drugs,drugs, biologicallybiologically activeactive substance,substance,
immunoanalysisimmunoanalysis,, mitochondrialmitochondrial DNADNA etcetc..

limitationslimitations –– limitslimits ofof analysisanalysis sensitivitysensitivity andand costscosts (rapidly(rapidly increasing)increasing)limitationslimitations limitslimits ofof analysisanalysis sensitivitysensitivity andand costscosts (rapidly(rapidly increasing)increasing)
complicationscomplications –– evaporationevaporation ofof samplesample microvolumesmicrovolumes andand agentsagents onon
microchipmicrochip

limitationslimitations limitslimits ofof analysisanalysis sensitivitysensitivity andand costscosts (rapidly(rapidly increasing)increasing)
complicationscomplications –– evaporationevaporation ofof samplesample microvolumesmicrovolumes andand agentsagents onon
microchipmicrochip

samplesample:: volumevolume 11 μμl,l, analyteanalyte 22 fmolfmol/l/l == 60206020 moleculesmolecules ofof analyteanalytesamplesample:: volumevolume 11 μμl,l, analyteanalyte 22 fmolfmol/l/l == 60206020 moleculesmolecules ofof analyteanalyte

volumevolume reductionreduction toto 11 nlnl ⇒⇒ onlyonly 66 moleculesmolecules ofof analyte!!analyte!!
:: mostlymostly underunder limitlimit ofof detectiondetection ofof microchipmicrochip analyticalanalytical methodmethod

volumevolume reductionreduction toto 11 nlnl ⇒⇒ onlyonly 66 moleculesmolecules ofof analyte!!analyte!!
:: mostlymostly underunder limitlimit ofof detectiondetection ofof microchipmicrochip analyticalanalytical methodmethod

:: preconcentrationpreconcentration procedureprocedure:: flowflow--throughthrough etcetc..:: preconcentrationpreconcentration procedureprocedure:: flowflow--throughthrough etcetc..
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sensorssensors andand biosensorsbiosensorssensorssensors andand biosensorsbiosensors
useuse ofof microelectrodesmicroelectrodes onon siliconsiliconuseuse ofof microelectrodesmicroelectrodes onon siliconsilicon

sensorssensorssensorssensors

ee..gg.. resistanceresistance ofof thinthin metalmetal layerlayer (Au,(Au, << 3030 nm)nm) isis increasingincreasing withwith
presencepresence ofof otherother atomsatoms andand moleculesmolecules onon AuAu surfacesurface
ee..gg.. resistanceresistance ofof thinthin metalmetal layerlayer (Au,(Au, << 3030 nm)nm) isis increasingincreasing withwith
presencepresence ofof otherother atomsatoms andand moleculesmolecules onon AuAu surfacesurface

:: electronselectrons hittinghitting thethe metalmetal filmfilm (~(~ mirror)mirror) areare reflectedreflected
:: inin aa placeplace wherewhere otherother atomsatoms oror moleculesmolecules areare adsorbed,adsorbed, electronselectrons areare notnot
reflectedreflected butbut scatteredscattered

:: electronselectrons hittinghitting thethe metalmetal filmfilm (~(~ mirror)mirror) areare reflectedreflected
:: inin aa placeplace wherewhere otherother atomsatoms oror moleculesmolecules areare adsorbed,adsorbed, electronselectrons areare notnot
reflectedreflected butbut scatteredscatteredreflected,reflected, butbut scatteredscattered
⇒⇒ changechange ofof AuAu filmfilm resistanceresistance ((↑↑));; resistanceresistance == ff (concentration)(concentration)

useuse:: ee gg determinationdetermination ofof heavyheavy metalmetal tracestraces inin solutionssolutions (ions(ions:: CdCd PbPb NiNi

reflected,reflected, butbut scatteredscattered
⇒⇒ changechange ofof AuAu filmfilm resistanceresistance ((↑↑));; resistanceresistance == ff (concentration)(concentration)

useuse:: ee gg determinationdetermination ofof heavyheavy metalmetal tracestraces inin solutionssolutions (ions(ions:: CdCd PbPb NiNiuseuse:: ee..gg.. determinationdetermination ofof heavyheavy metalmetal tracestraces inin solutionssolutions (ions(ions:: CdCd,, PbPb,, Ni,Ni,
TlTl,, Zn,Zn, theirtheir organicorganic complexes),complexes), limitlimit ofof detectiondetection inin ppbppb (parts(parts perper billion)billion)
flowflow--throughthrough cellscells –– drinkingdrinking waterwater quality,quality, corrosivecorrosive processes,processes, butbut alsoalso inin

useuse:: ee..gg.. determinationdetermination ofof heavyheavy metalmetal tracestraces inin solutionssolutions (ions(ions:: CdCd,, PbPb,, Ni,Ni,
TlTl,, Zn,Zn, theirtheir organicorganic complexes),complexes), limitlimit ofof detectiondetection inin ppbppb (parts(parts perper billion)billion)
flowflow--throughthrough cellscells –– drinkingdrinking waterwater quality,quality, corrosivecorrosive processes,processes, butbut alsoalso inin
organismsorganisms

chipchip sensorsensor forfor penicillinpenicillin

organismsorganisms

chipchip sensorsensor forfor penicillinpenicillin
penicillinasepenicillinase
immobilisationimmobilisation
pH sensit layerpH sensit layer

siliconsilicon withwith pHpH--sensitivesensitive structurestructure (Si(Si33NN44))siliconsilicon withwith pHpH--sensitivesensitive structurestructure (Si(Si33NN44))
pH sensit. layerpH sensit. layer
silicon oxidesilicon oxide

siliconsilicon

penicillinpenicillin ++ HH2200 penicillinasepenicillinase >> 66--aminopenicillanaminopenicillan acidacid ++ HH++

measuredmeasured withwith sensitivesensitive pHpH--layerlayer
penicillinpenicillin ++ HH2200 penicillinasepenicillinase >> 66--aminopenicillanaminopenicillan acidacid ++ HH++

measuredmeasured withwith sensitivesensitive pHpH--layerlayer 54545454



biologicalbiological systemsystem (enzyme,(enzyme, receptor,receptor, organ)organ) withwith analyticalanalytical chipchipbiologicalbiological systemsystem (enzyme,(enzyme, receptor,receptor, organ)organ) withwith analyticalanalytical chipchip

biosensors (biochips)biosensors (biochips)biosensors (biochips)biosensors (biochips)

biologicalbiological systemsystem (enzyme,(enzyme, receptor,receptor, organ)organ) withwith analyticalanalytical chipchip

useuse:: medicine,medicine, biotechnology,biotechnology, checkcheck andand monitoringmonitoring ofof foodfood andand
environmentenvironment

biologicalbiological systemsystem (enzyme,(enzyme, receptor,receptor, organ)organ) withwith analyticalanalytical chipchip

useuse:: medicine,medicine, biotechnology,biotechnology, checkcheck andand monitoringmonitoring ofof foodfood andand
environmentenvironmentenvironmentenvironment

principleprinciple:: connectionconnection ofof biomoleculesbiomolecules withwith siliconsilicon
technologytechnology EISEIS (capacitive(capacitive eelectrolytelectrolyte iinsulatornsulator ssemiconductoremiconductor))

environmentenvironment

principleprinciple:: connectionconnection ofof biomoleculesbiomolecules withwith siliconsilicon
technologytechnology EISEIS (capacitive(capacitive eelectrolytelectrolyte iinsulatornsulator ssemiconductoremiconductor))technologytechnology EISEIS (capacitive(capacitive eelectrolytelectrolyte iinsulatornsulator ssemiconductoremiconductor))

BioFETBioFET ((bbiologicallyiologically sensitivesensitive ffieldield--eeffectffect ttransistorsransistors))

d ld l l ti ll ti l tt

technologytechnology EISEIS (capacitive(capacitive eelectrolytelectrolyte iinsulatornsulator ssemiconductoremiconductor))
BioFETBioFET ((bbiologicallyiologically sensitivesensitive ffieldield--eeffectffect ttransistorsransistors))

d ld l l ti ll ti l ttmodelmodel analyticalanalytical systemsystem
biosystembiosystem + + analyteanalyte →→ product + product + electrons/protons (Helectrons/protons (H++))

modelmodel analyticalanalytical systemsystem
biosystembiosystem + + analyteanalyte →→ product + product + electrons/protons (Helectrons/protons (H++))

optionallyoptionally
biosystembiosystem11 ++ analyteanalyte →→ productproduct11
biosystembiosystem22 + product+ product11 →→ productproduct22 + + electrons/protons (Helectrons/protons (H++))

optionallyoptionally
biosystembiosystem11 ++ analyteanalyte →→ productproduct11
biosystembiosystem22 + product+ product11 →→ productproduct22 + + electrons/protons (Helectrons/protons (H++))yy pp pp /p (/p ( ))

analysisanalysis ofof metabolitesmetabolites personalpersonal IDID (sweat)(sweat) etcetc

yy pp pp /p (/p ( ))

analysisanalysis ofof metabolitesmetabolites personalpersonal IDID (sweat)(sweat) etcetcanalysisanalysis ofof metabolites,metabolites, personalpersonal IDID (sweat)(sweat) etcetc..analysisanalysis ofof metabolites,metabolites, personalpersonal IDID (sweat)(sweat) etcetc..
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reference electrodereference electrode
electrolyteelectrolyte

ISFETISFET
ionion--selective selective fieldfield--effect transistoreffect transistor
ISFETISFET
ionion--selective selective fieldfield--effect transistoreffect transistor

electrolyteelectrolyte

membranemembrane

reference electrodereference electrode

analyte solutionanalyte solution

ENFETENFET
enzymeenzyme--controlled controlled fieldfield--effect transistoreffect transistor
ENFETENFET
enzymeenzyme--controlled controlled fieldfield--effect transistoreffect transistor
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determinationdetermination ofof targettarget nucleicnucleic acidacid sequencessequencesdeterminationdetermination ofof targettarget nucleicnucleic acidacid sequencessequences
DNADNA--chipschipsDNADNA--chipschips

determinationdetermination ofof targettarget nucleicnucleic acidacid sequencessequences

detectiondetection ofof pathogens,pathogens, prenatalprenatal diagnostics,diagnostics,
forensicforensic diagnostics,diagnostics, PointPoint ofof CareCare TestingTesting (POCT)(POCT)

determinationdetermination ofof targettarget nucleicnucleic acidacid sequencessequences

detectiondetection ofof pathogens,pathogens, prenatalprenatal diagnostics,diagnostics,
forensicforensic diagnostics,diagnostics, PointPoint ofof CareCare TestingTesting (POCT)(POCT)forensicforensic diagnostics,diagnostics, PointPoint ofof CareCare TestingTesting (POCT)(POCT)

principleprinciple:: onon aa chipchip –– probeprobe withwith DNADNA sequencesequence DNADNA (Watson(Watson--CrickCrick

forensicforensic diagnostics,diagnostics, PointPoint ofof CareCare TestingTesting (POCT)(POCT)

principleprinciple:: onon aa chipchip –– probeprobe withwith DNADNA sequencesequence DNADNA (Watson(Watson--CrickCrickprincipleprinciple:: onon aa chipchip probeprobe withwith DNADNA sequencesequence DNADNA (Watson(Watson CrickCrick
pairing)pairing) complementarycomplementary toto targettarget NANA sequencesequence

onlyonly complementarycomplementary sequencessequences dodo interact!interact!

principleprinciple:: onon aa chipchip probeprobe withwith DNADNA sequencesequence DNADNA (Watson(Watson CrickCrick
pairing)pairing) complementarycomplementary toto targettarget NANA sequencesequence

onlyonly complementarycomplementary sequencessequences dodo interact!interact!onlyonly complementarycomplementary sequencessequences dodo interact!interact!

samplesample TAACGCGATTGTGTGACTAACGCGATTGTGTGAC
probeprobe ATTGCGCTAAGTCACTGATTGCGCTAAGTCACTG

onlyonly complementarycomplementary sequencessequences dodo interact!interact!

samplesample TAACGCGATTGTGTGACTAACGCGATTGTGTGAC
probeprobe ATTGCGCTAAGTCACTGATTGCGCTAAGTCACTGprobeprobe ATTGCGCTAAGTCACTGATTGCGCTAAGTCACTG

probeprobe isis labelledlabelled ee..gg.. luminophorluminophoree ⇒⇒ laserlaser inductioninduction ++ fluorimeterfluorimeter

probeprobe ATTGCGCTAAGTCACTGATTGCGCTAAGTCACTG

probeprobe isis labelledlabelled ee..gg.. luminophorluminophoree ⇒⇒ laserlaser inductioninduction ++ fluorimeterfluorimeter

fully caught fully caught redred
partially caught partially caught yellowyellow
fully caught fully caught redred
partially caught partially caught yellowyellowp y gp y g yy
not caught not caught greengreen
p y gp y g yy
not caught not caught greengreen
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immunosensorsimmunosensorsimmunosensorsimmunosensors

immunoassay miniaturisationimmunoassay miniaturisation (competitive non(competitive non--competitive)competitive)immunoassay miniaturisationimmunoassay miniaturisation (competitive non(competitive non--competitive)competitive)immunoassay miniaturisation immunoassay miniaturisation (competitive, non(competitive, non competitive)competitive)immunoassay miniaturisation immunoassay miniaturisation (competitive, non(competitive, non competitive)competitive)
imunoanalysisimunoanalysis onon adsorptiveadsorptive supportsupport
:: drydry chemistrychemistry methodmethod
imunoanalysisimunoanalysis onon adsorptiveadsorptive supportsupport
:: drydry chemistrychemistry methodmethod

materialmaterial:: filtrationfiltration paper,paper, wovenwoven fleecefleece
:: anchoredanchored reactionreaction componentscomponents;; diffusiblediffusible secondarysecondary labelledlabelled antibodyantibody
materialmaterial:: filtrationfiltration paper,paper, wovenwoven fleecefleece
:: anchoredanchored reactionreaction componentscomponents;; diffusiblediffusible secondarysecondary labelledlabelled antibodyantibody

samplesample diffusesdiffuses throughthrough adsorptiveadsorptive materialmaterial intointo reactionreaction zoneszones
11 toto 55 minutesminutes ⇒⇒ colouredcoloured stripsstrips indicateindicate testtest resultresult

d t tid t ti i lli ll i li l fl t tfl t t

samplesample diffusesdiffuses throughthrough adsorptiveadsorptive materialmaterial intointo reactionreaction zoneszones
11 toto 55 minutesminutes ⇒⇒ colouredcoloured stripsstrips indicateindicate testtest resultresult

d t tid t ti i lli ll i li l fl t tfl t tdetectiondetection:: visuallyvisually oror singlesingle--purposepurpose reflectometerreflectometer

analyticalanalytical systemsystem binarybinary singlesingle--purposepurpose teststests –– yes/noyes/no

detectiondetection:: visuallyvisually oror singlesingle--purposepurpose reflectometerreflectometer

analyticalanalytical systemsystem binarybinary singlesingle--purposepurpose teststests –– yes/noyes/no

analyticalanalytical cassettescassettes (cartridge(cartridgess))

materialmaterial:: plasticplastic cartridgecartridge withwith agentsagents inin drydry oror liquidliquid statestate

analyticalanalytical cassettescassettes (cartridge(cartridgess))

materialmaterial:: plasticplastic cartridgecartridge withwith agentsagents inin drydry oror liquidliquid statestatematerialmaterial:: plasticplastic cartridgecartridge withwith agentsagents inin drydry oror liquidliquid statestate

samplesample isis mixedmixed inin aa systemsystem ofof channelschannels withwith agentsagents
detectiondetection:: inin placeplace ofof opticaloptical cuvettecuvette thethe analyticalanalytical signalsignal isis readread

materialmaterial:: plasticplastic cartridgecartridge withwith agentsagents inin drydry oror liquidliquid statestate

samplesample isis mixedmixed inin aa systemsystem ofof channelschannels withwith agentsagents
detectiondetection:: inin placeplace ofof opticaloptical cuvettecuvette thethe analyticalanalytical signalsignal isis readreaddetectiondetection:: inin placeplace ofof opticaloptical cuvettecuvette thethe analyticalanalytical signalsignal isis readread

:: analysisanalysis ofof drugs,drugs, oror acuteacute analysisanalysis

detectiondetection:: inin placeplace ofof opticaloptical cuvettecuvette thethe analyticalanalytical signalsignal isis readread

:: analysisanalysis ofof drugs,drugs, oror acuteacute analysisanalysis
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microchipsmicrochips forfor determinationdetermination ofof oneone typetype ofof analyteanalyte

onon microchipmicrochip –– setset ofof samesame analyticalanalytical spotsspots –– microdotsmicrodots

microchipsmicrochips forfor determinationdetermination ofof oneone typetype ofof analyteanalyte

onon microchipmicrochip –– setset ofof samesame analyticalanalytical spotsspots –– microdotsmicrodots
microdotmicrodot –– immobilisedimmobilised primaryprimary antibodyantibody (Ab(Ab11),), inin surplussurplusmicrodotmicrodot –– immobilisedimmobilised primaryprimary antibodyantibody (Ab(Ab11),), inin surplussurplus

AgAg

sensor
Ab1

sensor
Ab1

supportsupport

microdot ~ 10 μmmicrodot ~ 10 μm

detection
Ab2

detection
Ab2

sample/antigensample/antigen (Ag)(Ag) isis addedadded ⇒⇒ anchoredanchored immunocompleximmunocomplex [Ab[Ab11
bb--AgAg]]

rinserinse;; secondarysecondary labelledlabelled antibodyantibody isis addedadded ((AbAb22**)) ⇒⇒

sample/antigensample/antigen (Ag)(Ag) isis addedadded ⇒⇒ anchoredanchored immunocompleximmunocomplex [Ab[Ab11
bb--AgAg]]

rinserinse;; secondarysecondary labelledlabelled antibodyantibody isis addedadded ((AbAb22**)) ⇒⇒rinserinse;; secondarysecondary labelledlabelled antibodyantibody isis addedadded ((AbAb22 )) ⇒⇒
⇒⇒ sandwichsandwich immunocompleximmunocomplex [Ab[Ab11

bb--AgAg]]--AbAb22**

detectiondetection:: spectrophotometricspectrophotometric

rinserinse;; secondarysecondary labelledlabelled antibodyantibody isis addedadded ((AbAb22 )) ⇒⇒
⇒⇒ sandwichsandwich immunocompleximmunocomplex [Ab[Ab11

bb--AgAg]]--AbAb22**

detectiondetection:: spectrophotometricspectrophotometricp pp p

primaryprimary antibodyantibody –– antibodyantibody sensoricsensoric
secondarysecondary antibodyantibody –– antibodyantibody inducinginducing

p pp p

primaryprimary antibodyantibody –– antibodyantibody sensoricsensoric
secondarysecondary antibodyantibody –– antibodyantibody inducinginducing

multifunctionalmultifunctional microchipmicrochip –– microdotsmicrodots withwith differentdifferent typestypes ofof antibodiesantibodies ⇒⇒
⇒⇒ simultaneoussimultaneous determinationdetermination ofof severalseveral differentdifferent analytesanalytes
multifunctionalmultifunctional microchipmicrochip –– microdotsmicrodots withwith differentdifferent typestypes ofof antibodiesantibodies ⇒⇒
⇒⇒ simultaneoussimultaneous determinationdetermination ofof severalseveral differentdifferent analytesanalytes 59595959



microchipsmicrochips forfor simultaneoussimultaneous determinationdetermination ofof severalseveral analytesanalytesmicrochipsmicrochips forfor simultaneoussimultaneous determinationdetermination ofof severalseveral analytesanalytes

analyticalanalytical spotsspots (microdots)(microdots) –– differentdifferent primaryprimary antibodiesantibodies (Ab(Ab11))

ee..gg.. forfor antigenantigen AgAgaa primaryprimary antibodyantibody AbAb11aa,, forfor antigenantigen AgAgbb primaryprimary antibodyantibody

analyticalanalytical spotsspots (microdots)(microdots) –– differentdifferent primaryprimary antibodiesantibodies (Ab(Ab11))

ee..gg.. forfor antigenantigen AgAgaa primaryprimary antibodyantibody AbAb11aa,, forfor antigenantigen AgAgbb primaryprimary antibodyantibodygg gg ggaa p yp y yy aa,, gg ggbb p yp y yy
AbAb11bb etcetc..

rinserinse;; mixturemixture ofof monoclonalmonoclonal labelledlabelled secondarysecondary antibodiesantibodies forfor determineddetermined

gg gg ggaa p yp y yy aa,, gg ggbb p yp y yy
AbAb11bb etcetc..

rinserinse;; mixturemixture ofof monoclonalmonoclonal labelledlabelled secondarysecondary antibodiesantibodies forfor determineddeterminedrinserinse;; mixturemixture ofof monoclonalmonoclonal labelledlabelled secondarysecondary antibodiesantibodies forfor determineddetermined
antigensantigens isis addedadded ((∗∗AbAb22aa,, ∗∗AbAb22bb,, etcetc..))

detectiondetection::

rinserinse;; mixturemixture ofof monoclonalmonoclonal labelledlabelled secondarysecondary antibodiesantibodies forfor determineddetermined
antigensantigens isis addedadded ((∗∗AbAb22aa,, ∗∗AbAb22bb,, etcetc..))

detectiondetection::
laser microscopelaser microscope

detectiondetection::detectiondetection::
photon   detectorsphoton   detectors

alphaalpha betabeta

multianalyticalmultianalytical immunomicrochipsimmunomicrochips –– POCTPOCT ((caca 88 toto 1010 analytes),analytes),multianalyticalmultianalytical immunomicrochipsimmunomicrochips –– POCTPOCT ((caca 88 toto 1010 analytes),analytes),

multianalyte microchipmultianalyte microchip

yy pp (( y ),y ),
oncomarkersoncomarkers,, allergens,allergens, hormoneshormones forfor endocrinology,endocrinology, screeningscreening ofof chosenchosen
analytesanalytes ofof bloodblood donorsdonors inin transfusetransfuse stationsstations etcetc..

yy pp (( y ),y ),
oncomarkersoncomarkers,, allergens,allergens, hormoneshormones forfor endocrinology,endocrinology, screeningscreening ofof chosenchosen
analytesanalytes ofof bloodblood donorsdonors inin transfusetransfuse stationsstations etcetc..
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quality in clinical analysisquality in clinical analysis
its monitoring and managementits monitoring and management
quality in clinical analysisquality in clinical analysis
its monitoring and managementits monitoring and management

III.III.III.III.

its monitoring and managementits monitoring and managementits monitoring and managementits monitoring and management

„fatal“„fatal“ importanceimportance ofof clinicalclinical medicinemedicine
applicationapplication ofof normsnorms ISOISO 90009000
„fatal“„fatal“ importanceimportance ofof clinicalclinical medicinemedicine
applicationapplication ofof normsnorms ISOISO 90009000applicationapplication ofof normsnorms ISOISO 90009000applicationapplication ofof normsnorms ISOISO 90009000

qualityqualityqualityquality

characteristic and desired qualities or features of product or servicecharacteristic and desired qualities or features of product or servicecharacteristic and desired qualities or features of product or servicecharacteristic and desired qualities or features of product or service

qualityquality isis indirectlyindirectly proportionalproportional toto variabilityvariability ofof productproduct oror serviceservice
:: variabilityvariability –– diversiondiversion fromfrom designdesign/aim/aim
qualityquality isis indirectlyindirectly proportionalproportional toto variabilityvariability ofof productproduct oror serviceservice
:: variabilityvariability –– diversiondiversion fromfrom designdesign/aim/aim

examinationexamination ofof allall stepssteps ofof wholewhole analyteanalyte determinationdetermination
:: startingstarting withwith samplingsampling upup toto calculationscalculations;; analystanalyst training,training, agentagent preparation,preparation,
lablab wareware cleaningcleaning wastewaste dispositiondisposition etcetc

examinationexamination ofof allall stepssteps ofof wholewhole analyteanalyte determinationdetermination
:: startingstarting withwith samplingsampling upup toto calculationscalculations;; analystanalyst training,training, agentagent preparation,preparation,
lablab wareware cleaningcleaning wastewaste dispositiondisposition etcetclablab--wareware cleaning,cleaning, wastewaste dispositiondisposition etcetc..

conceptconcept forfor theirtheir properproper performanceperformance isis resultingresulting,, alongalong withwith creationcreation ofof
ii ff hh ll dd ff b db d

lablab--wareware cleaning,cleaning, wastewaste dispositiondisposition etcetc..

conceptconcept forfor theirtheir properproper performanceperformance isis resultingresulting,, alongalong withwith creationcreation ofof
ii ff hh ll dd ff b db drequirementsrequirements forfor operationsoperations withwith minimalminimal diversionsdiversions fromfrom prescribedprescribed

procedure,procedure, includingincluding qualityquality assuranceassurance mechanismmechanism
requirementsrequirements forfor operationsoperations withwith minimalminimal diversionsdiversions fromfrom prescribedprescribed
procedure,procedure, includingincluding qualityquality assuranceassurance mechanismmechanism
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definitionsdefinitions accordingaccording toto CzechCzech lawslaws (ČSN(ČSN ISOISO 84028402))definitionsdefinitions accordingaccording toto CzechCzech lawslaws (ČSN(ČSN ISOISO 84028402))

qualityquality
totaltotal sumsum ofof propertiesproperties andand attributesattributes ofof productproduct (e(e..gg.. analyticalanalytical kit)kit) oror ofof

ii (( l i )l i ) hi hhi h tt bilitbilit tt ti fti f i li l ii

qualityquality
totaltotal sumsum ofof propertiesproperties andand attributesattributes ofof productproduct (e(e..gg.. analyticalanalytical kit)kit) oror ofof

ii (( l i )l i ) hi hhi h tt bilitbilit tt ti fti f i li l iiserviceservice (e(e..gg.. analysis),analysis), whichwhich guaranteesguarantees abilityability toto satisfysatisfy previouslypreviously givengiven oror
presumedpresumed requisitesrequisites
serviceservice (e(e..gg.. analysis),analysis), whichwhich guaranteesguarantees abilityability toto satisfysatisfy previouslypreviously givengiven oror
presumedpresumed requisitesrequisites

qualityquality policypolicy
overalloverall purposepurpose andand orientationorientation ofof companycompany activityactivity inin fieldfield ofof qualityquality asas defineddefined
byby toptop managementmanagement (e(e..gg.. laboratorylaboratory head)head)

qualityquality policypolicy
overalloverall purposepurpose andand orientationorientation ofof companycompany activityactivity inin fieldfield ofof qualityquality asas defineddefined
byby toptop managementmanagement (e(e..gg.. laboratorylaboratory head)head)yy pp gg (( gg yy ))

qualityquality managementmanagement
partpart ofof overalloverall controlcontrol function,function, whichwhich prescribesprescribes andand definesdefines qualityquality conceptconcept

yy pp gg (( gg yy ))

qualityquality managementmanagement
partpart ofof overalloverall controlcontrol function,function, whichwhich prescribesprescribes andand definesdefines qualityquality conceptconceptpartpart ofof overalloverall controlcontrol function,function, whichwhich prescribesprescribes andand definesdefines qualityquality conceptconcept

qualityquality systemsystem
structurestructure ofof organisationorganisation andand responsibilityresponsibility proceduresprocedures processesprocesses andand sourcessources

partpart ofof overalloverall controlcontrol function,function, whichwhich prescribesprescribes andand definesdefines qualityquality conceptconcept

qualityquality systemsystem
structurestructure ofof organisationorganisation andand responsibilityresponsibility proceduresprocedures processesprocesses andand sourcessourcesstructurestructure ofof organisationorganisation andand responsibility,responsibility, procedures,procedures, processesprocesses andand sourcessources
neededneeded forfor realisationrealisation ofof qualityquality managementmanagement;; majormajor requirementrequirement –– allall
proceduresprocedures mustmust bebe unmistakableunmistakable,, properlyproperly documenteddocumented andand fulfilledfulfilled;; qualityquality
systemsystem isis regularlyregularly monitoredmonitored andand complementedcomplemented;; allall personspersons includedincluded shouldshould

structurestructure ofof organisationorganisation andand responsibility,responsibility, procedures,procedures, processesprocesses andand sourcessources
neededneeded forfor realisationrealisation ofof qualityquality managementmanagement;; majormajor requirementrequirement –– allall
proceduresprocedures mustmust bebe unmistakableunmistakable,, properlyproperly documenteddocumented andand fulfilledfulfilled;; qualityquality
systemsystem isis regularlyregularly monitoredmonitored andand complementedcomplemented;; allall personspersons includedincluded shouldshouldsystemsystem isis regularlyregularly monitoredmonitored andand complementedcomplemented;; allall personspersons includedincluded shouldshould
activelyactively taketake partpart inin introductionintroduction andand keepingkeeping ofof thethe qualityquality systemsystem
systemsystem isis regularlyregularly monitoredmonitored andand complementedcomplemented;; allall personspersons includedincluded shouldshould
activelyactively taketake partpart inin introductionintroduction andand keepingkeeping ofof thethe qualityquality systemsystem

62626262



qualityquality manualmanualqualityquality manualmanual

qualityquality managementmanagement inin laboratorylaboratory –– qualityquality manualmanual
:: presentpresent inin eacheach certifiedcertified oror accreditedaccredited laboratorylaboratory
qualityquality managementmanagement inin laboratorylaboratory –– qualityquality manualmanual
:: presentpresent inin eacheach certifiedcertified oror accreditedaccredited laboratorylaboratory

comprehensivecomprehensive documentdocument includingincluding allall aspectsaspects ofof laboratorylaboratory
activitiesactivities,, startingstarting withwith toptop managementmanagement downdown toto laboratorylaboratory cleaningcleaning
comprehensivecomprehensive documentdocument includingincluding allall aspectsaspects ofof laboratorylaboratory
activitiesactivities,, startingstarting withwith toptop managementmanagement downdown toto laboratorylaboratory cleaningcleaning

„in„in--househouse norm“norm“ –– transformationtransformation ofof generalgeneral normsnorms ISOISO 90009000 andand ENEN
4500045000,, respectively,respectively, forfor goodgood laboratorylaboratory praxispraxis (GLP),(GLP), safetysafety norms,norms, lawslaws
„in„in--househouse norm“norm“ –– transformationtransformation ofof generalgeneral normsnorms ISOISO 90009000 andand ENEN
4500045000,, respectively,respectively, forfor goodgood laboratorylaboratory praxispraxis (GLP),(GLP), safetysafety norms,norms, lawslaws
andand decreesdecrees etcetc.. inin accordanceaccordance toto particularparticular laboratorylaboratory conditionsconditions

overalloverall qualityquality conceptconcept

andand decreesdecrees etcetc.. inin accordanceaccordance toto particularparticular laboratorylaboratory conditionsconditions

overalloverall qualityquality conceptconcept
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11)) laboratorylaboratory andand itsits dutiesduties –– laboratorylaboratory name,name, address,address, fax,fax, ee--mail,mail, teltel..
bb ff iblibl h dh d

11)) laboratorylaboratory andand itsits dutiesduties –– laboratorylaboratory name,name, address,address, fax,fax, ee--mail,mail, teltel..
bb ff iblibl h dh dnumbers,numbers, namename ofof responsibleresponsible headhead

22)) laboratorylaboratory workingworking timetime –– wayway andand periodperiod ofof samplesample receptionreception

33)) listlist ofof s pplieds pplied se icesse ices (incl ding(incl ding anal tes)anal tes)

numbers,numbers, namename ofof responsibleresponsible headhead

22)) laboratorylaboratory workingworking timetime –– wayway andand periodperiod ofof samplesample receptionreception

33)) listlist ofof s pplieds pplied se icesse ices (incl ding(incl ding anal tes)anal tes)33)) listlist ofof suppliedsupplied servicesservices –– (including(including analytes)analytes)

44)) communicationcommunication betweenbetween laboratorylaboratory andand usersusers –– descriptiondescription ofof
applicationapplication forms,forms, ofof resultresult forms,forms, rulesrules forfor telephonictelephonic resultresult forwarding,forwarding, wayway ofof

33)) listlist ofof suppliedsupplied servicesservices –– (including(including analytes)analytes)

44)) communicationcommunication betweenbetween laboratorylaboratory andand usersusers –– descriptiondescription ofof
applicationapplication forms,forms, ofof resultresult forms,forms, rulesrules forfor telephonictelephonic resultresult forwarding,forwarding, wayway ofofapplicationapplication forms,forms, ofof resultresult forms,forms, rulesrules forfor telephonictelephonic resultresult forwarding,forwarding, wayway ofof
correctioncorrection oror complementationcomplementation ofof forwardedforwarded analyticalanalytical results,results, timetime periodperiod
necessarynecessary forfor analysisanalysis procedure,procedure, includingincluding thethe wayway ofof monitoringmonitoring itsits keepingkeeping

applicationapplication forms,forms, ofof resultresult forms,forms, rulesrules forfor telephonictelephonic resultresult forwarding,forwarding, wayway ofof
correctioncorrection oror complementationcomplementation ofof forwardedforwarded analyticalanalytical results,results, timetime periodperiod
necessarynecessary forfor analysisanalysis procedure,procedure, includingincluding thethe wayway ofof monitoringmonitoring itsits keepingkeeping

55)) samplingsampling (timing)(timing) –– instructionsinstructions forfor patient,patient, samplesample transport,transport, samplesample
procedureprocedure upup toto preparationpreparation ofof trialtrial samplesample andand storagestorage includingincluding expirationexpiration
datedate;; provisionprovision ofof unambiguousunambiguous patientpatient identificationidentification;; wayway ofof exclusionexclusion ofof

55)) samplingsampling (timing)(timing) –– instructionsinstructions forfor patient,patient, samplesample transport,transport, samplesample
procedureprocedure upup toto preparationpreparation ofof trialtrial samplesample andand storagestorage includingincluding expirationexpiration
datedate;; provisionprovision ofof unambiguousunambiguous patientpatient identificationidentification;; wayway ofof exclusionexclusion ofof
objectionableobjectionable samples,samples, decreesdecrees forfor forwardingforwarding ofof partialpartial samplessamples transfertransfer toto
differentdifferent laboratorylaboratory sectionssections

66)) analysisanalysis procedureprocedure writtenwritten instructionsinstructions forfor proceduresprocedures usedused;; traceabilitytraceability

objectionableobjectionable samples,samples, decreesdecrees forfor forwardingforwarding ofof partialpartial samplessamples transfertransfer toto
differentdifferent laboratorylaboratory sectionssections

66)) analysisanalysis procedureprocedure writtenwritten instructionsinstructions forfor proceduresprocedures usedused;; traceabilitytraceability66)) analysisanalysis procedureprocedure –– writtenwritten instructionsinstructions forfor proceduresprocedures usedused;; traceabilitytraceability
ofof eacheach analysisanalysis startingstarting withwith applicationapplication upup toto laboratorylaboratory resultsresults;; calibrationcalibration
includingincluding concurrenceconcurrence toto metrologicallymetrologically higherhigher etalonsetalons

66)) analysisanalysis procedureprocedure –– writtenwritten instructionsinstructions forfor proceduresprocedures usedused;; traceabilitytraceability
ofof eacheach analysisanalysis startingstarting withwith applicationapplication upup toto laboratorylaboratory resultsresults;; calibrationcalibration
includingincluding concurrenceconcurrence toto metrologicallymetrologically higherhigher etalonsetalons

77)) resultresult interpretationinterpretation –– informationinformation onon possiblepossible consultationsconsultations withwith
laboratorylaboratory personal,personal, assignedassigned contactcontact personalpersonal
77)) resultresult interpretationinterpretation –– informationinformation onon possiblepossible consultationsconsultations withwith
laboratorylaboratory personal,personal, assignedassigned contactcontact personalpersonal
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88)) takingtaking partpart onon clinicalclinical staffstaff seminars,seminars, meetingsmeetings withwith externalexternal88)) takingtaking partpart onon clinicalclinical staffstaff seminars,seminars, meetingsmeetings withwith externalexternal
medicalmedical practitionerspractitioners

99)) educationeducation ofof laboratorylaboratory andand clinicalclinical staff,staff, nursesnurses andand studentsstudents

medicalmedical practitionerspractitioners

99)) educationeducation ofof laboratorylaboratory andand clinicalclinical staff,staff, nursesnurses andand studentsstudents

1010)) informationinformation onon procedureprocedure changes,changes, accreditationaccreditation oror certificationcertification

1111)) takingtaking partpart onon researchresearch andand developmentdevelopment –– conceptconcept ofof laboratorylaboratory
attendanceattendance onon researchresearch andand developmentdevelopment monitoringmonitoring systemsystem andand namesnames ofof

1010)) informationinformation onon procedureprocedure changes,changes, accreditationaccreditation oror certificationcertification

1111)) takingtaking partpart onon researchresearch andand developmentdevelopment –– conceptconcept ofof laboratorylaboratory
attendanceattendance onon researchresearch andand developmentdevelopment monitoringmonitoring systemsystem andand namesnames ofofattendanceattendance onon researchresearch andand development,development, monitoringmonitoring systemsystem andand namesnames ofof
responsibleresponsible personalpersonal

1212)) waysways ofof ensuringensuring thethe mandatorymandatory discretiondiscretion

attendanceattendance onon researchresearch andand development,development, monitoringmonitoring systemsystem andand namesnames ofof
responsibleresponsible personalpersonal

1212)) waysways ofof ensuringensuring thethe mandatorymandatory discretiondiscretion)) yy gg yy

1313)) personalpersonal numbersnumbers inin eacheach categorycategory

1414)) informationinformation onon laboratorylaboratory equipmentequipment –– namesnames ofof instruments,instruments, itsits

)) yy gg yy

1313)) personalpersonal numbersnumbers inin eacheach categorycategory

1414)) informationinformation onon laboratorylaboratory equipmentequipment –– namesnames ofof instruments,instruments, itsits)) yy q pq p ,,
manufacturers,manufacturers, yearyear ofof acquisition,acquisition, prise,prise, guarantee,guarantee, localisation,localisation, service,service,
serviceservice manualmanual andand itsits placingplacing;; calibrationcalibration

1515)) sec itsec it lesles ofof labo atolabo ato andand hospitalhospital l il i ff titi

)) yy q pq p ,,
manufacturers,manufacturers, yearyear ofof acquisition,acquisition, prise,prise, guarantee,guarantee, localisation,localisation, service,service,
serviceservice manualmanual andand itsits placingplacing;; calibrationcalibration

1515)) sec itsec it lesles ofof labo atolabo ato andand hospitalhospital l il i ff titi

lit i t t t b t d i i ilit i t t t b t d i i ilit i t t t b t d i i ilit i t t t b t d i i i

1515)) securitysecurity rulesrules ofof laboratorylaboratory andand hospitalhospital –– placingplacing ofof respectiverespective
decrees,decrees, recordsrecords onon incidentsincidents andand injuriesinjuries
1515)) securitysecurity rulesrules ofof laboratorylaboratory andand hospitalhospital –– placingplacing ofof respectiverespective
decrees,decrees, recordsrecords onon incidentsincidents andand injuriesinjuries

quality is not a state, but a dynamic, improving processquality is not a state, but a dynamic, improving processquality is not a state, but a dynamic, improving processquality is not a state, but a dynamic, improving process
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calibration, controlling and reference materialscalibration, controlling and reference materialscalibration, controlling and reference materialscalibration, controlling and reference materials

wrongwrong analysisanalysis ⇒⇒ wrongwrong decisiondecision ⇒⇒ healthhealth harmingharming oror deathdeathwrongwrong analysisanalysis ⇒⇒ wrongwrong decisiondecision ⇒⇒ healthhealth harmingharming oror deathdeath
measuringmeasuring processprocess –– respectiverespective concentrationconcentration shouldshould bebe assignedassigned toto
measuredmeasured signalsignal usingusing calibrationcalibration materialsmaterials (standards)(standards)
measuringmeasuring processprocess –– respectiverespective concentrationconcentration shouldshould bebe assignedassigned toto
measuredmeasured signalsignal usingusing calibrationcalibration materialsmaterials (standards)(standards)measuredmeasured signalsignal usingusing calibrationcalibration materialsmaterials (standards)(standards)

controllingcontrolling--regulatoryregulatory processprocess –– analysisanalysis resultresult validationvalidation andand itsits includingincluding
intointo qualityquality managementmanagement;; analysesanalyses monitoringmonitoring inin longerlonger timetime scalescale

measuredmeasured signalsignal usingusing calibrationcalibration materialsmaterials (standards)(standards)

controllingcontrolling--regulatoryregulatory processprocess –– analysisanalysis resultresult validationvalidation andand itsits includingincluding
intointo qualityquality managementmanagement;; analysesanalyses monitoringmonitoring inin longerlonger timetime scalescaletoto qua tyqua ty a age e ta age e t;; a a ysesa a yses o to go to g o geo ge t et e sca esca e
:: demandsdemands suitablesuitable controllingcontrolling andand referencereference materialsmaterials
toto qua tyqua ty a age e ta age e t;; a a ysesa a yses o to go to g o geo ge t et e sca esca e
:: demandsdemands suitablesuitable controllingcontrolling andand referencereference materialsmaterials

5050iesies –– 7070iesies ofof 2020thth centurycentury
ll ll ( h( h dd h )h )

5050iesies –– 7070iesies ofof 2020thth centurycentury
ll ll ( h( h dd h )h )manualmanual analysesanalyses (photometric,(photometric, titrationtitration andand suchs)suchs) oror semiautomaticsemiautomatic

(drainable(drainable cuvettes)cuvettes)
:: samplesample volumevolume 2020 –– 500500 μμl,l, agentagent samplesample 11 –– 55 mlml

manualmanual analysesanalyses (photometric,(photometric, titrationtitration andand suchs)suchs) oror semiautomaticsemiautomatic
(drainable(drainable cuvettes)cuvettes)
:: samplesample volumevolume 2020 –– 500500 μμl,l, agentagent samplesample 11 –– 55 mlml
:: aqueousaqueous solutionssolutions preparedprepared ofof freshfresh analyteanalyte:: aqueousaqueous solutionssolutions preparedprepared ofof freshfresh analyteanalyte

todaytoday
automaticautomatic analysersanalysers
todaytoday
automaticautomatic analysersanalysersautomaticautomatic analysersanalysers
:: samplesample volumevolume inin microlitresmicrolitres,, agentagent volumevolume inin tenstens ofof microlitresmicrolitres
::viscosityviscosity ⇒⇒ problemsproblems;; calibrationcalibration solutionssolutions w/ow/o biologicalbiological matrixmatrix dodo notnot fulfilfulfil

i ti t i il iti il it ithith l dl d ll

automaticautomatic analysersanalysers
:: samplesample volumevolume inin microlitresmicrolitres,, agentagent volumevolume inin tenstens ofof microlitresmicrolitres
::viscosityviscosity ⇒⇒ problemsproblems;; calibrationcalibration solutionssolutions w/ow/o biologicalbiological matrixmatrix dodo notnot fulfilfulfil

i ti t i il iti il it ithith l dl d ll:::: requirementsrequirements onon similaritysimilarity withwith analysedanalysed samplesample
:::: insteadinstead ofof aqueousaqueous solutionssolutions calibratorscalibrators withwith proteinicproteinic matrixmatrix

:: certifiedcertified referencereference materialsmaterials

:::: requirementsrequirements onon similaritysimilarity withwith analysedanalysed samplesample
:::: insteadinstead ofof aqueousaqueous solutionssolutions calibratorscalibrators withwith proteinicproteinic matrixmatrix

:: certifiedcertified referencereference materialsmaterials 66666666



aqueousaqueous calibrationcalibration solutionssolutions andand standardsstandards

IFCCIFCC wheneverwhenever possiblepossible calibrationcalibration usingusing aqueousaqueous standardstandard solutionssolutions

aqueousaqueous calibrationcalibration solutionssolutions andand standardsstandards

IFCCIFCC wheneverwhenever possiblepossible calibrationcalibration usingusing aqueousaqueous standardstandard solutionssolutionsIFCCIFCC –– wheneverwhenever possiblepossible –– calibrationcalibration usingusing aqueousaqueous standardstandard solutionssolutions

stabilisationsstabilisations andand protectionprotection (oxidation,(oxidation, bacterialbacterial contaminationcontamination andand so)so)

IFCCIFCC –– wheneverwhenever possiblepossible –– calibrationcalibration usingusing aqueousaqueous standardstandard solutionssolutions

stabilisationsstabilisations andand protectionprotection (oxidation,(oxidation, bacterialbacterial contaminationcontamination andand so)so)

useuse:: enzymeenzyme attestation,attestation, verificationverification ofof analyticalanalytical methodmethod yield,yield, checkcheck ofof
photometerphotometer wavewave--lengthslengths andand soso
useuse:: enzymeenzyme attestation,attestation, verificationverification ofof analyticalanalytical methodmethod yield,yield, checkcheck ofof
photometerphotometer wavewave--lengthslengths andand soso

preparationpreparation:: weighingweighing;; highlyhighly purepure chemicals,chemicals, redistilledredistilled waterwater

tt ll ll ti htti ht i li l

preparationpreparation:: weighingweighing;; highlyhighly purepure chemicals,chemicals, redistilledredistilled waterwater

tt ll ll ti htti ht i li lstoragestorage:: glassglass ampoulesampoules oror tighttight vialsvials
:: underunder inertinert atmosphereatmosphere ofof NN22 oror COCO22

auxiliaryauxiliary substancessubstances:: albuminalbumin polysaccharidespolysaccharides sugarssugars glycerolglycerol (enzyme(enzyme

storagestorage:: glassglass ampoulesampoules oror tighttight vialsvials
:: underunder inertinert atmosphereatmosphere ofof NN22 oror COCO22

auxiliaryauxiliary substancessubstances:: albuminalbumin polysaccharidespolysaccharides sugarssugars glycerolglycerol (enzyme(enzymeauxiliaryauxiliary substancessubstances:: albumin,albumin, polysaccharides,polysaccharides, sugars,sugars, glycerolglycerol (enzyme(enzyme
stabilisation),stabilisation), cysteine,cysteine, dithiothreitol,dithiothreitol, ascorbicascorbic acidacid (anti(anti--oxidationoxidation protection),protection),
complexingcomplexing agents,agents, (e(e..gg.. EDTA,EDTA, maskingmasking ofof heavyheavy metalsmetals catalysingcatalysing oxidation),oxidation),
diff tdiff t b ffb ff dd d td t ff h d l ih d l i ff b t tb t t (i i(i i

auxiliaryauxiliary substancessubstances:: albumin,albumin, polysaccharides,polysaccharides, sugars,sugars, glycerolglycerol (enzyme(enzyme
stabilisation),stabilisation), cysteine,cysteine, dithiothreitol,dithiothreitol, ascorbicascorbic acidacid (anti(anti--oxidationoxidation protection),protection),
complexingcomplexing agents,agents, (e(e..gg.. EDTA,EDTA, maskingmasking ofof heavyheavy metalsmetals catalysingcatalysing oxidation),oxidation),
diff tdiff t b ffb ff dd d td t ff h d l ih d l i ff b t tb t t (i i(i idifferentdifferent buffersbuffers andand productsproducts ofof enzymeenzyme hydrolysishydrolysis ofof substratessubstrates (increasing(increasing
stabilitystability ofof enzymes)enzymes) andand conservationconservation additivesadditives (sodium(sodium benzoate,benzoate, sodiumsodium
azideazide andand such)such)

differentdifferent buffersbuffers andand productsproducts ofof enzymeenzyme hydrolysishydrolysis ofof substratessubstrates (increasing(increasing
stabilitystability ofof enzymes)enzymes) andand conservationconservation additivesadditives (sodium(sodium benzoate,benzoate, sodiumsodium
azideazide andand such)such)

thetheyy shouldshould notnot containcontain aa consideredconsidered standardstandard asas aa contaminationcontamination
(and(and if,if, onlyonly tracetrace andand defineddefined amount)amount)

thetheyy shouldshould notnot containcontain aa consideredconsidered standardstandard asas aa contaminationcontamination
(and(and if,if, onlyonly tracetrace andand defineddefined amount)amount) 67676767



controlcontrol serasera andand urinesurines

forfor operativeoperative qualityquality managementmanagement (for(for soso--calledcalled innerinner qualityquality control)control)

controlcontrol serasera andand urinesurines

forfor operativeoperative qualityquality managementmanagement (for(for soso--calledcalled innerinner qualityquality control)control)forfor operativeoperative qualityquality managementmanagement (for(for soso--calledcalled innerinner qualityquality control)control)

liquidliquid –– frozenfrozen ((–– 8080 °°C)C)

forfor operativeoperative qualityquality managementmanagement (for(for soso--calledcalled innerinner qualityquality control)control)

liquidliquid –– frozenfrozen ((–– 8080 °°C)C)

:: originallyoriginally animalanimal serasera:: equine,equine, bovine,bovine, porcineporcine
:: substitutedsubstituted laterlater withwith serasera ofof humanhuman originorigin
:: originallyoriginally animalanimal serasera:: equine,equine, bovine,bovine, porcineporcine
:: substitutedsubstituted laterlater withwith serasera ofof humanhuman originorigin

lyophilisedlyophilised –– moremore stabilestabilelyophilisedlyophilised –– moremore stabilestabile

:: preparedprepared inin atat leastleast twotwo concentrationsconcentrations coveringcovering notnot onlyonly analyteanalyte referencereference
interval,interval, butbut alsoalso thethe pathologicpathologic valuesvalues

:: preparedprepared inin atat leastleast twotwo concentrationsconcentrations coveringcovering notnot onlyonly analyteanalyte referencereference
interval,interval, butbut alsoalso thethe pathologicpathologic valuesvalues

serasera w/w/ attestattest –– determiningdetermining accuracyaccuracy inin longerlonger timetime periodperiod
serasera w/ow/o attestattest –– determiningdetermining repeatabilityrepeatability
serasera w/w/ attestattest –– determiningdetermining accuracyaccuracy inin longerlonger timetime periodperiod
serasera w/ow/o attestattest –– determiningdetermining repeatabilityrepeatability

parametersparameters:: pHpH 77 toto 88,, differencedifference inin contentcontent inin oneone batchbatch << 00..11 %%,, freefree
glycerolglycerol << 00..22 %%,, shouldshould bebe sterile,sterile, residualresidual humidityhumidity << 11 %%,, stabilitystability inin coldcold 33
yearsyears differencedifference inin contentcontent ofof labilelabile componentscomponents << 44 %% turbidityturbidity afterafter

parametersparameters:: pHpH 77 toto 88,, differencedifference inin contentcontent inin oneone batchbatch << 00..11 %%,, freefree
glycerolglycerol << 00..22 %%,, shouldshould bebe sterile,sterile, residualresidual humidityhumidity << 11 %%,, stabilitystability inin coldcold 33
yearsyears differencedifference inin contentcontent ofof labilelabile componentscomponents << 44 %% turbidityturbidity afterafteryears,years, differencedifference inin contentcontent ofof labilelabile componentscomponents << 44 %%,, turbidityturbidity afterafter
reconstitutionreconstitution andand dilutiondilution withwith waterwater 11::99 measuredmeasured inin 11 cmcm cuvettecuvette asas
absorbanceabsorbance atat 700700 nmnm underunder 00..0505 andand atat 340340 nmnm underunder 00..22

years,years, differencedifference inin contentcontent ofof labilelabile componentscomponents << 44 %%,, turbidityturbidity afterafter
reconstitutionreconstitution andand dilutiondilution withwith waterwater 11::99 measuredmeasured inin 11 cmcm cuvettecuvette asas
absorbanceabsorbance atat 700700 nmnm underunder 00..0505 andand atat 340340 nmnm underunder 00..22 68686868



serumserum calibratorscalibratorsserumserum calibratorscalibrators

similarsimilar compositioncomposition andand behaviourbehaviour asas analysedanalysed samplesamplesimilarsimilar compositioncomposition andand behaviourbehaviour asas analysedanalysed samplesample

preparationpreparation:: similarsimilar toto controlcontrol serasera;; additionaddition adjustedadjusted analyteanalyte concentrationconcentration

lyophilisateslyophilisates –– stabilitystability

preparationpreparation:: similarsimilar toto controlcontrol serasera;; additionaddition adjustedadjusted analyteanalyte concentrationconcentration

lyophilisateslyophilisates –– stabilitystabilitylyophilisateslyophilisates stabilitystability

commutabilitycommutability withwith defineddefined methodsmethods

lyophilisateslyophilisates stabilitystability

commutabilitycommutability withwith defineddefined methodsmethods

preparationpreparation andand attestationattestation:: asas withwith controlcontrol serasera

t tt t ff i di id li di id l l tl t ii ii bb d fi itid fi iti ff th dth d

preparationpreparation andand attestationattestation:: asas withwith controlcontrol serasera

t tt t ff i di id li di id l l tl t ii ii bb d fi itid fi iti ff th dth dcontentcontent ofof individualindividual analytesanalytes isis givengiven byby definitivedefinitive oror referencereference methodsmethods
whichwhich areare certifiedcertified byby referencereference materialsmaterials
contentcontent ofof individualindividual analytesanalytes isis givengiven byby definitivedefinitive oror referencereference methodsmethods
whichwhich areare certifiedcertified byby referencereference materialsmaterials

preparationspreparations forfor normalnormal andand pathologicpathologic analyteanalyte valuesvalues

multimulti--calibrationcalibration preparationspreparations

preparationspreparations forfor normalnormal andand pathologicpathologic analyteanalyte valuesvalues

multimulti--calibrationcalibration preparationspreparationsp pp pp pp p
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certifiedcertified referencereference materialsmaterials (CRM)(CRM)

calibrationcalibration ofof definitivedefinitive andand referencereference methodsmethods

certifiedcertified referencereference materialsmaterials (CRM)(CRM)

calibrationcalibration ofof definitivedefinitive andand referencereference methodsmethods

70707070

testing/comparisontesting/comparison ofof routineroutine methodsmethods ((commutabilitycommutability))testing/comparisontesting/comparison ofof routineroutine methodsmethods ((commutabilitycommutability))

RMRM –– materialmaterial oror substance,substance, valuesvalues defineddefined forfor instrumentinstrument calibration,calibration, methodmethodRMRM –– materialmaterial oror substance,substance, valuesvalues defineddefined forfor instrumentinstrument calibration,calibration, methodmethod
evaluationevaluation forfor measurementmeasurement oror determinationdetermination ofof valuesvalues inin materialsmaterials

CRMCRM isis RMRM documenteddocumented withwith certificatecertificate
tifi dtifi d th dth d ii i di d bb t i tt i t d fi dd fi d fidfid l ll l

evaluationevaluation forfor measurementmeasurement oror determinationdetermination ofof valuesvalues inin materialsmaterials

CRMCRM isis RMRM documenteddocumented withwith certificatecertificate
tifi dtifi d th dth d ii i di d bb t i tt i t d fi dd fi d fidfid l ll l:: certifiedcertified methodmethod isis accompaniedaccompanied byby uncertaintyuncertainty onon defineddefined confidenceconfidence levellevel:: certifiedcertified methodmethod isis accompaniedaccompanied byby uncertaintyuncertainty onon defineddefined confidenceconfidence levellevel

analyteanalyte concentrationconcentration andand matrixmatrix inin CRMCRM samesame asas inin analysedanalysed samplesampleanalyteanalyte concentrationconcentration andand matrixmatrix inin CRMCRM samesame asas inin analysedanalysed samplesample

suitabilitysuitability ofof RMRM forfor givengiven aimaim isis examinedexamined (ISO(ISO GuideGuide 3535))

batchbatch ofof CRMCRM mustmust bebe homogenoushomogenous

suitabilitysuitability ofof RMRM forfor givengiven aimaim isis examinedexamined (ISO(ISO GuideGuide 3535))

batchbatch ofof CRMCRM mustmust bebe homogenoushomogenous
:: differencedifference betweenbetween representativerepresentative samplesample measurementmeasurement mustmust bebe alwaysalways
lowerlower thanthan anan overalloverall uncertaintyuncertainty ofof allall measurementsmeasurements

:: differencedifference betweenbetween representativerepresentative samplesample measurementmeasurement mustmust bebe alwaysalways
lowerlower thanthan anan overalloverall uncertaintyuncertainty ofof allall measurementsmeasurements

CRMCRM mustmust havehave statedstated itsits expirationexpiration periodperiodCRMCRM mustmust havehave statedstated itsits expirationexpiration periodperiod

CRMCRM –– accompaniedaccompanied withwith attestationattestationCRMCRM –– accompaniedaccompanied withwith attestationattestation

coco--ordinationordination byby eeuropeanuropean committeecommittee withinwithin eeuropeanuropean uunionnion,, ee..gg..
iinstitutenstitute forfor rreferenceeference mmaterialsaterials andand mmeasurementseasurements inin BelgiumBelgium (IRMM)(IRMM)
coco--ordinationordination byby eeuropeanuropean committeecommittee withinwithin eeuropeanuropean uunionnion,, ee..gg..
iinstitutenstitute forfor rreferenceeference mmaterialsaterials andand mmeasurementseasurements inin BelgiumBelgium (IRMM)(IRMM)



validation and good laboratory praxisvalidation and good laboratory praxisvalidation and good laboratory praxisvalidation and good laboratory praxis

confirmationconfirmation byby measurementmeasurement (testing)(testing) andand measuresmeasures ofof objectiveobjective proofproof,,confirmationconfirmation byby measurementmeasurement (testing)(testing) andand measuresmeasures ofof objectiveobjective proofproof,,
thatthat individualindividual demandsdemands forfor givengiven aimaim werewere fulfilledfulfilledthatthat individualindividual demandsdemands forfor givengiven aimaim werewere fulfilledfulfilled

lid t dlid t d l ti ll ti l th dth d ii di i lldi i ll tt ltlt dd iilid t dlid t d l ti ll ti l th dth d ii di i lldi i ll tt ltlt dd iivalidatedvalidated analyticalanalytical methodmethod –– givesgives medicinallymedicinally accurateaccurate resultsresults andand usingusing
analyticalanalytical resultresult withinwithin patientpatient treatmenttreatment leadsleads notnot toto healthhealth harmingharming
validatedvalidated analyticalanalytical methodmethod –– givesgives medicinallymedicinally accurateaccurate resultsresults andand usingusing
analyticalanalytical resultresult withinwithin patientpatient treatmenttreatment leadsleads notnot toto healthhealth harmingharming

approvalapproval ofof overalloverall errorerror –– sumsum ofof randomrandom andand systematicsystematic errorserrorsapprovalapproval ofof overalloverall errorerror –– sumsum ofof randomrandom andand systematicsystematic errorserrors

goodgood laboratorylaboratory praxispraxis (GLP)(GLP)
:: internationallyinternationally concertedconcerted systemsystem ofof assuranceassurance andand controlcontrol ofof qualityquality
goodgood laboratorylaboratory praxispraxis (GLP)(GLP)
:: internationallyinternationally concertedconcerted systemsystem ofof assuranceassurance andand controlcontrol ofof qualityquality:: internationallyinternationally concertedconcerted systemsystem ofof assuranceassurance andand controlcontrol ofof qualityquality
:: includesincludes organisationorganisation ofof tests,tests, studiesstudies andand conditions,conditions, underunder whichwhich areare nonnon--

clinicalclinical studiesstudies planned,planned, proceeded,proceeded, monitored,monitored, recordedrecorded andand archivedarchived

:: internationallyinternationally concertedconcerted systemsystem ofof assuranceassurance andand controlcontrol ofof qualityquality
:: includesincludes organisationorganisation ofof tests,tests, studiesstudies andand conditions,conditions, underunder whichwhich areare nonnon--

clinicalclinical studiesstudies planned,planned, proceeded,proceeded, monitored,monitored, recordedrecorded andand archivedarchived
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operative quality managementoperative quality managementoperative quality managementoperative quality management

toolstools ofof QMQM soso--calledcalled „„basicbasic sevenseven““::toolstools ofof QMQM soso--calledcalled „„basicbasic sevenseven““::

stemstem--andand--leafleaf displaydisplay controlcontrol datadata itemiseditemised inin aa wayway oneone couldcouldstemstem--andand--leafleaf displaydisplay controlcontrol datadata itemiseditemised inin aa wayway oneone couldcouldstemstem--andand--leafleaf displaydisplay –– controlcontrol datadata itemiseditemised inin aa wayway oneone couldcould
quicklyquickly judgejudge globalglobal datadata divisiondivision

checkcheck listlist –– calendarcalendar withwith noticednoticed causescauses ofof faultsfaults;; lineslines createcreate thethe

stemstem--andand--leafleaf displaydisplay –– controlcontrol datadata itemiseditemised inin aa wayway oneone couldcould
quicklyquickly judgejudge globalglobal datadata divisiondivision

checkcheck listlist –– calendarcalendar withwith noticednoticed causescauses ofof faultsfaults;; lineslines createcreate thethec ecc ec stst ca e daca e da tt ot cedot ced causescauses oo au tsau ts;; eses c eatec eate t et e
calendar,calendar, intointo whichwhich whenwhen andand howhow manymany timestimes thethe givengiven troubletrouble
appearedappeared isis writtenwritten

c ecc ec stst ca e daca e da tt ot cedot ced causescauses oo au tsau ts;; eses c eatec eate t et e
calendar,calendar, intointo whichwhich whenwhen andand howhow manymany timestimes thethe givengiven troubletrouble
appearedappeared isis writtenwritten

ParetoPareto chartchart –– histogramhistogram withwith columnscolumns expressingexpressing raterate ofof individualindividual
faultfault typestypes inin descendingdescending orderorder

causecause andand effecteffect diagramdiagram graphicgraphic assayassay ofof faultsfaults andand itsits causescauses

ParetoPareto chartchart –– histogramhistogram withwith columnscolumns expressingexpressing raterate ofof individualindividual
faultfault typestypes inin descendingdescending orderorder

causecause andand effecteffect diagramdiagram graphicgraphic assayassay ofof faultsfaults andand itsits causescausescausecause andand effecteffect diagramdiagram –– graphicgraphic assayassay ofof faultsfaults andand itsits causescauses

flowflow chart,chart, defectdefect concentrationconcentration diagramdiagram –– graphicgraphic presentationpresentation
ofof instrumentinstrument oror processprocess withwith sensitivesensitive pointspoints markedmarked

causecause andand effecteffect diagramdiagram –– graphicgraphic assayassay ofof faultsfaults andand itsits causescauses

flowflow chart,chart, defectdefect concentrationconcentration diagramdiagram –– graphicgraphic presentationpresentation
ofof instrumentinstrument oror processprocess withwith sensitivesensitive pointspoints markedmarkedofof instrumentinstrument oror processprocess withwith sensitivesensitive pointspoints markedmarked

scatterscatter diagramdiagram –– correlationcorrelation graphgraph servingserving toto estimateestimate mutualmutual
dependenciesdependencies inin analysedanalysed problemproblem

ofof instrumentinstrument oror processprocess withwith sensitivesensitive pointspoints markedmarked

scatterscatter diagramdiagram –– correlationcorrelation graphgraph servingserving toto estimateestimate mutualmutual
dependenciesdependencies inin analysedanalysed problemproblem

controlcontrol chartchartcontrolcontrol chartchart
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regulationregulation diagramdiagramregulationregulation diagramdiagram

:: 19311931 WW AA ShewhartShewhart:: 19311931 WW AA ShewhartShewhart:: 19311931 WW..AA.. ShewhartShewhart
:: 19501950 SS.. LeveyLevey andand EE..RR.. JenningsJennings –– clinicalclinical biochemistrybiochemistry

simplesimple graphicgraphic interpretationinterpretation ofof GaussianGaussian distributiondistribution

:: 19311931 WW..AA.. ShewhartShewhart
:: 19501950 SS.. LeveyLevey andand EE..RR.. JenningsJennings –– clinicalclinical biochemistrybiochemistry

simplesimple graphicgraphic interpretationinterpretation ofof GaussianGaussian distributiondistributionpp g pg p pppp g pg p pp

setset ofof datadata withwith normalnormal distributiondistribution ⇒⇒
inin intervalinterval ofof standardstandard deviationsdeviations

lili 6868 33 %% ff dd

setset ofof datadata withwith normalnormal distributiondistribution ⇒⇒
inin intervalinterval ofof standardstandard deviationsdeviations

lili 6868 33 %% ff dd––ss toto +s+s lieslies 6868..33 %% ofof datadata
––22ss toto ++22ss lieslies 9595..55 %% ofof datadata ((warningwarning limit)limit)
––33ss toto ++33ss lieslies 9999..77 %% ofof datadata ((regulationregulation limit)limit)

––ss toto +s+s lieslies 6868..33 %% ofof datadata
––22ss toto ++22ss lieslies 9595..55 %% ofof datadata ((warningwarning limit)limit)
––33ss toto ++33ss lieslies 9999..77 %% ofof datadata ((regulationregulation limit)limit)

xx axisaxis –– timetime
yy axisaxis –– signalsignal measuredmeasured
xx axisaxis –– timetime
yy axisaxis –– signalsignal measuredmeasuredonon yy axisaxis signalsignal measuredmeasured

:: defineddefined portionportion ofof datadata mustmust lieslies
withinwithin thethe respectiverespective zoneszones inin graphgraph

yy axisaxis signalsignal measuredmeasured

:: defineddefined portionportion ofof datadata mustmust lieslies
withinwithin thethe respectiverespective zoneszones inin graphgraphco
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withinwithin thethe respectiverespective zoneszones inin graphgraph

:: halfhalf ofof themthem mustmust bebe alternativelyalternatively
bb dd b lb l thth ii

withinwithin thethe respectiverespective zoneszones inin graphgraph

:: halfhalf ofof themthem mustmust bebe alternativelyalternatively
bb dd b lb l thth ii
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cumulationcumulation onlyonly towardstowards oneone sideside ofof intervalinterval ⇒⇒ systematicsystematic errorerror inin
analyticalanalytical processprocess
cumulationcumulation onlyonly towardstowards oneone sideside ofof intervalinterval ⇒⇒ systematicsystematic errorerror inin
analyticalanalytical processprocess

:: outout ofof warningwarning limitlimit ⇒⇒ onceonce forfor aa monthmonth
:: outout ofof regulationregulation limitlimit ⇒⇒ onceonce forfor 1818 monthsmonths

ff ii li ili i f lf l

:: outout ofof warningwarning limitlimit ⇒⇒ onceonce forfor aa monthmonth
:: outout ofof regulationregulation limitlimit ⇒⇒ onceonce forfor 1818 monthsmonths

ff ii li ili i f lf l:::: outout ofof warningwarning limitlimit moremore frequentlyfrequently
⇒⇒ mistakesmistakes inin analyticalanalytical processprocess oror processprocess getsgets outout ofof controlcontrol

:::: outout ofof warningwarning limitlimit moremore frequentlyfrequently
⇒⇒ mistakesmistakes inin analyticalanalytical processprocess oror processprocess getsgets outout ofof controlcontrol

deviationsdeviations:: ΔΔ standardstandard deviationdeviation ((ss )) ;; ΔΔ deviationdeviation ((BB ))deviationsdeviations:: ΔΔ standardstandard deviationdeviation ((ss )) ;; ΔΔ deviationdeviation ((BB ))deviationsdeviations:: ΔΔ standardstandard deviationdeviation ((ss )) ;; ΔΔ deviationdeviation ((BB ))

operationoperation ofof regulatoryregulatory diagramdiagram
averageaverage seriesseries lengthlength (ASL)(ASL)

deviationsdeviations:: ΔΔ standardstandard deviationdeviation ((ss )) ;; ΔΔ deviationdeviation ((BB ))

operationoperation ofof regulatoryregulatory diagramdiagram
averageaverage seriesseries lengthlength (ASL)(ASL)averageaverage seriesseries lengthlength (ASL)(ASL)
øø numbernumber ofof points,points, whenwhen insertedinserted pointpoint indicatesindicates methodmethod outout ofof controlcontrol

ASLASL = = 1/1/pp,,

averageaverage seriesseries lengthlength (ASL)(ASL)
øø numbernumber ofof points,points, whenwhen insertedinserted pointpoint indicatesindicates methodmethod outout ofof controlcontrol

ASLASL = = 1/1/pp,,
wherewhere pp isis probability,probability, thatthat anyany pointpoint crossescrosses thethe controlcontrol limitslimits

operativeoperative characteristiccharacteristic curvescurves
ββ d dd d ii b bilitb bilit ff tt ti iti i thth hifthift

wherewhere pp isis probability,probability, thatthat anyany pointpoint crossescrosses thethe controlcontrol limitslimits

operativeoperative characteristiccharacteristic curvescurves
ββ d dd d ii b bilitb bilit ff tt ti iti i thth hifthiftββ errorerror dependence,dependence, ii..ee.. probabilityprobability ofof notnot noticingnoticing thethe shiftshift

ββ == Φ Φ ((L L –– kk √√NN)) –– Φ Φ ((––LL ––k k √√NN),),
wherewhere ΦΦ isis GaussianGaussian functionfunction LL isis multiplicandmultiplicand ofof ss accordingaccording toto chosenchosen limitlimit

ββ errorerror dependence,dependence, ii..ee.. probabilityprobability ofof notnot noticingnoticing thethe shiftshift

ββ == Φ Φ ((L L –– kk √√NN)) –– Φ Φ ((––LL ––k k √√NN),),
wherewhere ΦΦ isis GaussianGaussian functionfunction LL isis multiplicandmultiplicand ofof ss accordingaccording toto chosenchosen limitlimitwherewhere ΦΦ isis GaussianGaussian function,function, LL isis multiplicandmultiplicand ofof ss accordingaccording toto chosenchosen limit,limit,
kk isis factorfactor respectingrespecting changechange ofof xx inin multiplicationsmultiplications ofof ss,, NN isis numbernumber ofof
samplessamples

wherewhere ΦΦ isis GaussianGaussian function,function, LL isis multiplicandmultiplicand ofof ss accordingaccording toto chosenchosen limit,limit,
kk isis factorfactor respectingrespecting changechange ofof xx inin multiplicationsmultiplications ofof ss,, NN isis numbernumber ofof
samplessamples 74747474
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powerpower functionfunction
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powerpower functionfunction

ii h i ih i ionon contrarycontrary toto operativeoperative characteristiccharacteristic curvescurves
yy axisaxis –– ((11––ββ ),), soso probabilityprobability ofof denyingdenying
onon contrarycontrary toto operativeoperative characteristiccharacteristic curvescurves
yy axisaxis –– ((11––ββ ),), soso probabilityprobability ofof denyingdenying

N = 6N = 6

44

1-β1-β

22

ksks
75757575



externalexternal qualityquality assuranceassuranceexternalexternal qualityquality assuranceassurance

partpart ofof generalgeneral qualityquality managementmanagement ofof eacheach laboratorylaboratory ((caca onceonce inin 22 months)months)partpart ofof generalgeneral qualityquality managementmanagement ofof eacheach laboratorylaboratory ((caca onceonce inin 22 months)months)

(EQA) (EQA) (EQA) (EQA) 

pa tpa t oo ge e age e a qua tyqua ty a age e ta age e t oo eaceac abo ato yabo ato y ((caca o ceo ce o t s)o t s)

:: methodmethod validationvalidation
:: laboratorylaboratory monitoringmonitoring itsits precisionprecision inin comparisoncomparison toto otherother laboratorieslaboratories oror

pa tpa t oo ge e age e a qua tyqua ty a age e ta age e t oo eaceac abo ato yabo ato y ((caca o ceo ce o t s)o t s)

:: methodmethod validationvalidation
:: laboratorylaboratory monitoringmonitoring itsits precisionprecision inin comparisoncomparison toto otherother laboratorieslaboratories oror
generallygenerally validvalid demandsdemandsgenerallygenerally validvalid demandsdemands

what is considered?what is considered?what is considered?what is considered?

:: deviationsdeviations inin regardregard toto statestate--ofof--thethe--art,art, inin comparisoncomparison towardstowards datadata gainedgained byby
meansmeans ofof referencereference oror definitivedefinitive methods,methods, respectivelyrespectively

:: deviationsdeviations inin regardregard toto statestate--ofof--thethe--art,art, inin comparisoncomparison towardstowards datadata gainedgained byby
meansmeans ofof referencereference oror definitivedefinitive methods,methods, respectivelyrespectively

what is considered?what is considered?what is considered?what is considered?

:: achievedachieved levellevel ofof allall committedcommitted laboratories,laboratories, accordingaccording toto notnot onlyonly interinter--,, butbut
alsoalso toto intraintra--laboratorylaboratory variationsvariations inin recordedrecorded datadata

:: achievedachieved levellevel ofof allall committedcommitted laboratories,laboratories, accordingaccording toto notnot onlyonly interinter--,, butbut
alsoalso toto intraintra--laboratorylaboratory variationsvariations inin recordedrecorded datadata

:: relationrelation betweenbetween datadata recordedrecorded andand wayway ofof calibration,calibration, analyticalanalytical procedureprocedure,,
commercialcommercial analyticalanalytical kitskits andand instrumentalinstrumental parkpark usedused

hi dhi d tt l ll l ii d dd d l tl t t tit ti ii

:: relationrelation betweenbetween datadata recordedrecorded andand wayway ofof calibration,calibration, analyticalanalytical procedureprocedure,,
commercialcommercial analyticalanalytical kitskits andand instrumentalinstrumental parkpark usedused

hi dhi d tt l ll l ii d dd d l tl t t tit ti ii:: achievedachieved contemporarycontemporary levellevel inin dependencedependence onon analyteanalyte concentrationconcentration inin
controlcontrol materialsmaterials

:: achievedachieved contemporarycontemporary levellevel inin dependencedependence onon analyteanalyte concentrationconcentration inin
controlcontrol materialsmaterials
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internationalinternational harmonisedharmonised protocolprotocol forfor proficiencyproficiency testingtesting ofof
(chemical)(chemical) analyticalanalytical laboratorieslaboratories
internationalinternational harmonisedharmonised protocolprotocol forfor proficiencyproficiency testingtesting ofof
(chemical)(chemical) analyticalanalytical laboratorieslaboratories

:: sincesince 19921992
:: IUPAC,IUPAC, ISOISO andand AOACAOAC ((associationassociation ofof officialofficial analyticalanalytical chemistschemists))
:: sincesince 19921992
:: IUPAC,IUPAC, ISOISO andand AOACAOAC ((associationassociation ofof officialofficial analyticalanalytical chemistschemists))

IFCCIFCC materialmaterial:: elementalselementals ofof externalexternal qualityquality assuranceassuranceIFCCIFCC materialmaterial:: elementalselementals ofof externalexternal qualityquality assuranceassurance

precise and protocolary test organisationprecise and protocolary test organisationprecise and protocolary test organisationprecise and protocolary test organisation

statistical test evaluationstatistical test evaluationstatistical test evaluationstatistical test evaluationstatistical test evaluationstatistical test evaluationstatistical test evaluationstatistical test evaluation

zz--scorescore
zz == ((xx –– XXaa)/)/ss,,
zz--scorescore
zz == ((xx –– XXaa)/)/ss,,zz ((xx XXaa)/)/ss,,
wherewhere ss isis targettarget standardstandard deviation,deviation, xx isis measuredmeasured quantity,quantity, XXaa defineddefined (real)(real)
quantityquantity valuevalue andand zz hashas valuevalue ofof standardstandard normalnormal quantityquantity

zz ((xx XXaa)/)/ss,,
wherewhere ss isis targettarget standardstandard deviation,deviation, xx isis measuredmeasured quantity,quantity, XXaa defineddefined (real)(real)
quantityquantity valuevalue andand zz hashas valuevalue ofof standardstandard normalnormal quantityquantity

zz--scorescore interpretationinterpretation
||zz || ≤≤ 11 isis goodgood scorescore
||zz || ≤≤ 22 scorescore sufficientsufficient

zz--scorescore interpretationinterpretation
||zz || ≤≤ 11 isis goodgood scorescore
||zz || ≤≤ 22 scorescore sufficientsufficient|| ||
22 ≤≤ ||zz || ≤≤ 33 problematicproblematic scorescore
scorescore ||zz || ≥≥ 33 insufficientinsufficient scorescore

|| ||
22 ≤≤ ||zz || ≤≤ 33 problematicproblematic scorescore
scorescore ||zz || ≥≥ 33 insufficientinsufficient scorescore
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importance of laboratory evaluationimportance of laboratory evaluationimportance of laboratory evaluationimportance of laboratory evaluation

successsuccess ofof laboratorylaboratory inin externalexternal qualityquality assuranceassurance
itsits performanceperformance isis insideinside ofof tolerancetolerance limitslimits acceptedaccepted byby respectiverespective
successsuccess ofof laboratorylaboratory inin externalexternal qualityquality assuranceassurance
itsits performanceperformance isis insideinside ofof tolerancetolerance limitslimits acceptedaccepted byby respectiverespectiveitsits performanceperformance isis insideinside ofof tolerancetolerance limitslimits acceptedaccepted byby respectiverespective
((interinter))nationalnational authorityauthority inin clinicalclinical chemistrychemistry forfor givengiven timetime periodperiod
itsits performanceperformance isis insideinside ofof tolerancetolerance limitslimits acceptedaccepted byby respectiverespective
((interinter))nationalnational authorityauthority inin clinicalclinical chemistrychemistry forfor givengiven timetime periodperiod

selectionselection

collectioncollection

: : preanalytical phasepreanalytical phase

: analytical phase: analytical phase

: : preanalytical phasepreanalytical phase

: analytical phase: analytical phase

transporttransport

preanalyt. ph.

extra laboratory
20.2 %

preanalyt. ph.

extra laboratory
20.2 % y py p

: postanalytical phase: postanalytical phase

y py p

: postanalytical phase: postanalytical phase

registrationregistration

centrifugationcentrifugation

20.2 %20.2 %

preanalyt. ph.preanalyt. ph.
centrifugationcentrifugation

distributiondistribution

in laboratory
37.1 %
in laboratory
37.1 %
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controlledcontrolled andand monitoredmonitored –– onlyonly itsits ownown analyticalanalytical procedureprocedurecontrolledcontrolled andand monitoredmonitored –– onlyonly itsits ownown analyticalanalytical procedureprocedure

omittingomitting preanalyticalpreanalytical phasephase (sample(sample collection,collection, transporttransport andand storage)storage)

errorserrors ofof preanalyticalpreanalytical phasephase –– upup toto 5050 %% XX analyticalanalytical procedureprocedure ~~2525 %%

omittingomitting preanalyticalpreanalytical phasephase (sample(sample collection,collection, transporttransport andand storage)storage)

errorserrors ofof preanalyticalpreanalytical phasephase –– upup toto 5050 %% XX analyticalanalytical procedureprocedure ~~2525 %%errorserrors ofof preanalyticalpreanalytical phasephase upup toto 5050 %% XX analyticalanalytical procedureprocedure ~~2525 %%
thethe restrest isis assignedassigned toto soso--calledcalled postanalyticalpostanalytical phasephase

oneone majormajor errorerror withinwithin caca 16001600 analysesanalyses

errorserrors ofof preanalyticalpreanalytical phasephase upup toto 5050 %% XX analyticalanalytical procedureprocedure ~~2525 %%
thethe restrest isis assignedassigned toto soso--calledcalled postanalyticalpostanalytical phasephase

oneone majormajor errorerror withinwithin caca 16001600 analysesanalysesjj yy
samplesample preparationpreparation ((5555 %% causedcaused byby haemolysis),haemolysis), insufficientinsufficient samplesample volumevolume
((2121 %%),), samplesample confusionconfusion ((1212 %%)) andand coagulatedcoagulated samplesample ((55 %%))

jj hh l fl f ll ff l i ll i l hh

jj yy
samplesample preparationpreparation ((5555 %% causedcaused byby haemolysis),haemolysis), insufficientinsufficient samplesample volumevolume
((2121 %%),), samplesample confusionconfusion ((1212 %%)) andand coagulatedcoagulated samplesample ((55 %%))

jj hh l fl f ll ff l i ll i l hhmajormajor errorerror harmsharms lifelife ⇒⇒ moremore strictstrict controlcontrol ofof preanalyticalpreanalytical phasephasemajormajor errorerror harmsharms lifelife ⇒⇒ moremore strictstrict controlcontrol ofof preanalyticalpreanalytical phasephase

Kill as few patients as possible & 56 other essays on how to be the world's best doctorKill as few patients as possible & 56 other essays on how to be the world's best doctorKill as few patients as possible & 56 other essays on how to be the world's best doctorKill as few patients as possible & 56 other essays on how to be the world's best doctorKill as few patients as possible & 56 other essays on how to be the world s best doctorKill as few patients as possible & 56 other essays on how to be the world s best doctor,,
Arlan Cohn, 2004Arlan Cohn, 2004
Kill as few patients as possible & 56 other essays on how to be the world s best doctorKill as few patients as possible & 56 other essays on how to be the world s best doctor,,
Arlan Cohn, 2004Arlan Cohn, 2004

postanalyticalpostanalytical phasephase
: sample and result storage: sample and result storage
: transmutation of analytical result into well: transmutation of analytical result into well--found info (raison d'être of work)found info (raison d'être of work)

postanalyticalpostanalytical phasephase
: sample and result storage: sample and result storage
: transmutation of analytical result into well: transmutation of analytical result into well--found info (raison d'être of work)found info (raison d'être of work)yy ( )( )
: communication with practicing medics, feed: communication with practicing medics, feed--backback
: meta: meta--analysis of resultsanalysis of results

yy ( )( )
: communication with practicing medics, feed: communication with practicing medics, feed--backback
: meta: meta--analysis of resultsanalysis of results



analytical methodsanalytical methods
choice and optimisation choice and optimisation 
analytical methodsanalytical methods
choice and optimisation choice and optimisation 

IV.IV.IV.IV.
pppp

choicechoice ofof method/proceduremethod/procedure isis givengiven byby analyticalanalytical chemistrychemistry developmentdevelopment

:: qualitativequalitative

choicechoice ofof method/proceduremethod/procedure isis givengiven byby analyticalanalytical chemistrychemistry developmentdevelopment

:: qualitativequalitative:: qualitativequalitative
:: quantitativequantitative

originallyoriginally:: chemicalchemical methodsmethods

:: qualitativequalitative
:: quantitativequantitative

originallyoriginally:: chemicalchemical methodsmethods
:: numbernumber ofof identifiableidentifiable analytesanalytes waswas low,low, onlyonly fewfew tenstens:: numbernumber ofof identifiableidentifiable analytesanalytes waswas low,low, onlyonly fewfew tenstens

since 70iessince 70ies: methods biochemical/enzymatic/molecular biologic: methods biochemical/enzymatic/molecular biologic
: spectrophotometry: spectrophotometry

since 70iessince 70ies: methods biochemical/enzymatic/molecular biologic: methods biochemical/enzymatic/molecular biologic
: spectrophotometry: spectrophotometry: spectrophotometry: spectrophotometry
: industrial manufacturing of enzymes, analysers: industrial manufacturing of enzymes, analysers
: spectrophotometry: spectrophotometry
: industrial manufacturing of enzymes, analysers: industrial manufacturing of enzymes, analysers

analyticalanalytical procedureprocedure isis ofof clinicalclinical laboratorylaboratory interestinterestanalyticalanalytical procedureprocedure isis ofof clinicalclinical laboratorylaboratory interestinterestanalyticalanalytical procedureprocedure isis ofof clinicalclinical laboratorylaboratory interestinterest
:: demandingdemanding requisitesrequisites –– analyticalanalytical andand alsoalso clinicalclinical needsneeds

resultresult inaccuracyinaccuracy ofof testtest:: includingincluding preanalyticalpreanalytical errors,errors, systematicsystematic errors,errors,

analyticalanalytical procedureprocedure isis ofof clinicalclinical laboratorylaboratory interestinterest
:: demandingdemanding requisitesrequisites –– analyticalanalytical andand alsoalso clinicalclinical needsneeds

resultresult inaccuracyinaccuracy ofof testtest:: includingincluding preanalyticalpreanalytical errors,errors, systematicsystematic errors,errors,resultresult inaccuracyinaccuracy ofof testtest:: includingincluding preanalyticalpreanalytical errors,errors, systematicsystematic errors,errors,
randomrandom errorserrors andand mistakesmistakes
biologicalbiological influencesinfluences:: intraintra-- andand interinter--individualindividual variability,variability, errorserrors causedcaused byby
nonnon--standardstandard samplesample collectioncollection

resultresult inaccuracyinaccuracy ofof testtest:: includingincluding preanalyticalpreanalytical errors,errors, systematicsystematic errors,errors,
randomrandom errorserrors andand mistakesmistakes
biologicalbiological influencesinfluences:: intraintra-- andand interinter--individualindividual variability,variability, errorserrors causedcaused byby
nonnon--standardstandard samplesample collectioncollectionnonnon standardstandard samplesample collectioncollection
uncertaintyuncertainty:: abilityability ofof testtest toto givegive accurateaccurate conclusionsconclusions (diagnosis,(diagnosis, prognosis,prognosis,
oror therapeutictherapeutic decisions)decisions)

nonnon standardstandard samplesample collectioncollection
uncertaintyuncertainty:: abilityability ofof testtest toto givegive accurateaccurate conclusionsconclusions (diagnosis,(diagnosis, prognosis,prognosis,
oror therapeutictherapeutic decisions)decisions) 80808080



historyhistory ofof glucoseglucose determinationdetermination::historyhistory ofof glucoseglucose determinationdetermination::

11)) redoxredox propertiesproperties inin alkalialkali media,media, oxidationoxidation byby picricpicric acid,acid, ferricyanideferricyanide oror
byby Cu(I)Cu(I) reductionreduction;; workwork demanding,demanding, lowlow sensitivity,sensitivity, unspecificunspecific
11)) redoxredox propertiesproperties inin alkalialkali media,media, oxidationoxidation byby picricpicric acid,acid, ferricyanideferricyanide oror
byby Cu(I)Cu(I) reductionreduction;; workwork demanding,demanding, lowlow sensitivity,sensitivity, unspecificunspecific

22)) byby oo --toluidinetoluidine throughthrough SchiffSchiff basebase;; sensitivesensitive andand specificspecific;; oo --toluidinetoluidine ––
carcinogenic,carcinogenic, agentagent containscontains alsoalso glacialglacial aceticacetic acidacid
22)) byby oo --toluidinetoluidine throughthrough SchiffSchiff basebase;; sensitivesensitive andand specificspecific;; oo --toluidinetoluidine ––
carcinogenic,carcinogenic, agentagent containscontains alsoalso glacialglacial aceticacetic acidacid

3) determination using 3) determination using enzymatic approachesenzymatic approaches (GOD)(GOD)3) determination using 3) determination using enzymatic approachesenzymatic approaches (GOD)(GOD)

characteristiccharacteristic attributesattributes ofof analyticalanalytical methodmethodcharacteristiccharacteristic attributesattributes ofof analyticalanalytical methodmethodcharacteristiccharacteristic attributesattributes ofof analyticalanalytical methodmethodcharacteristiccharacteristic attributesattributes ofof analyticalanalytical methodmethod

defineddefined andand describeddescribed analyticalanalytical methodmethoddefineddefined andand describeddescribed analyticalanalytical methodmethodyy
:: characteristiccharacteristic attributes,attributes, standardisedstandardised inin internationalinternational normsnorms ISOISO andand inin
derivedderived oror transferredtransferred nationalnational normsnorms

yy
:: characteristiccharacteristic attributes,attributes, standardisedstandardised inin internationalinternational normsnorms ISOISO andand inin
derivedderived oror transferredtransferred nationalnational normsnorms
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specificspecific clinicalclinical requisitesrequisitesspecificspecific clinicalclinical requisitesrequisites

methodmethod accuracyaccuracy inin regardregard toto biologicbiologic variabilityvariabilitymethodmethod accuracyaccuracy inin regardregard toto biologicbiologic variabilityvariabilityet odet od accu acyaccu acy ega dega d toto b o og cb o og c a ab tya ab ty

rangerange ofof calibrationcalibration functionfunction –– minimalminimal rangerange ofof calibrationcalibration functionfunction inin
rangerange ofof analyteanalyte referencereference valuesvalues

et odet od accu acyaccu acy ega dega d toto b o og cb o og c a ab tya ab ty

rangerange ofof calibrationcalibration functionfunction –– minimalminimal rangerange ofof calibrationcalibration functionfunction inin
rangerange ofof analyteanalyte referencereference valuesvalues

analyticalanalytical methodmethod –– inin principalprincipal functionfunction ofof givengiven analyteanalyte inin organismorganismanalyticalanalytical methodmethod –– inin principalprincipal functionfunction ofof givengiven analyteanalyte inin organismorganism

ecologicalecological andand toxicologicaltoxicological requisitesrequisitesecologicalecological andand toxicologicaltoxicological requisitesrequisites

analysisanalysis ofof potentiallypotentially infectiousinfectious biologicbiologic materialmaterial

nevernever useuse poisonspoisons forfor analyses,analyses, carcinogens,carcinogens, corrosivecorrosive oror flammableflammable materialsmaterials

analysisanalysis ofof potentiallypotentially infectiousinfectious biologicbiologic materialmaterial

nevernever useuse poisonspoisons forfor analyses,analyses, carcinogens,carcinogens, corrosivecorrosive oror flammableflammable materialsmaterialspp y ,y , g ,g ,

inevitabilityinevitability:: creatininecreatinine determinationdetermination byby picricpicric acid,acid, totaltotal proteinprotein byby biuretbiuret
reactionreaction withwith NaOHNaOH haemoglobinhaemoglobin determinationdetermination usingusing haemoglobinhaemoglobin cyanidecyanide etcetc

pp y ,y , g ,g ,

inevitabilityinevitability:: creatininecreatinine determinationdetermination byby picricpicric acid,acid, totaltotal proteinprotein byby biuretbiuret
reactionreaction withwith NaOHNaOH haemoglobinhaemoglobin determinationdetermination usingusing haemoglobinhaemoglobin cyanidecyanide etcetcreactionreaction withwith NaOH,NaOH, haemoglobinhaemoglobin determinationdetermination usingusing haemoglobinhaemoglobin cyanidecyanide etcetc..reactionreaction withwith NaOH,NaOH, haemoglobinhaemoglobin determinationdetermination usingusing haemoglobinhaemoglobin cyanidecyanide etcetc..
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analyticalanalytical methodmethod attributesattributesanalyticalanalytical methodmethod attributesattributes

analyticalanalytical performanceperformance characteristiccharacteristic
:: oneone characteristiccharacteristic outout ofof sum,sum, whichwhich areare necessarynecessary forfor checkingchecking thethe precisionprecision
ofof measuringmeasuring procedureprocedure andand itsits suitabilitysuitability forfor givengiven aimaim andand whichwhich mightmight bebe

analyticalanalytical performanceperformance characteristiccharacteristic
:: oneone characteristiccharacteristic outout ofof sum,sum, whichwhich areare necessarynecessary forfor checkingchecking thethe precisionprecision
ofof measuringmeasuring procedureprocedure andand itsits suitabilitysuitability forfor givengiven aimaim andand whichwhich mightmight bebeofof measuringmeasuring procedureprocedure andand itsits suitabilitysuitability forfor givengiven aim,aim, andand whichwhich mightmight bebe
assignedassigned withwith experimentalexperimental valuevalue

d fi dd fi d bb IFCCIFCC dd IUPACIUPAC

ofof measuringmeasuring procedureprocedure andand itsits suitabilitysuitability forfor givengiven aim,aim, andand whichwhich mightmight bebe
assignedassigned withwith experimentalexperimental valuevalue

d fi dd fi d bb IFCCIFCC dd IUPACIUPACdefineddefined byby IFCCIFCC andand IUPACIUPACdefineddefined byby IFCCIFCC andand IUPACIUPAC

accuracyaccuracy oror truenesstruenessaccuracyaccuracy oror truenesstruenessaccuracyaccuracy oror truenesstrueness
:: closenesscloseness ofof identityidentity betweenbetween averageaverage valuevalue obtainedobtained inin largelarge testtest setset datadata
andand acceptedaccepted referencereference valuevalue

accuracyaccuracy oror truenesstrueness
:: closenesscloseness ofof identityidentity betweenbetween averageaverage valuevalue obtainedobtained inin largelarge testtest setset datadata
andand acceptedaccepted referencereference valuevalue

acceptedaccepted referencereference valuevalue
:: value,value, whichwhich servesserves asas approvedapproved referencereference valuevalue andand whichwhich isis derivedderived asas
acceptedaccepted referencereference valuevalue
:: value,value, whichwhich servesserves asas approvedapproved referencereference valuevalue andand whichwhich isis derivedderived asas
a)a) theoretictheoretic
b)b) agreedagreed (certified),(certified), basedbased onon experimentalexperimental workwork
c)c) assignedassigned (certified),(certified), basedbased onon experimentalexperimental collaborationcollaboration

a)a) theoretictheoretic
b)b) agreedagreed (certified),(certified), basedbased onon experimentalexperimental workwork
c)c) assignedassigned (certified),(certified), basedbased onon experimentalexperimental collaborationcollaboration)) gg ( ),( ), pp
d)d) ifif notnot a),a), b),b), c)c);; expectedexpected valuevalue ofof measuredmeasured quantity,quantity, ii..ee.. medianmedian valuevalue ofof
specifiedspecified basicbasic datadata setset

)) gg ( ),( ), pp
d)d) ifif notnot a),a), b),b), c)c);; expectedexpected valuevalue ofof measuredmeasured quantity,quantity, ii..ee.. medianmedian valuevalue ofof
specifiedspecified basicbasic datadata setset
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biasbiasbiasbias
differencedifference betweenbetween medianmedian valuevalue ofof testtest setset datadata andand acceptedaccepted referencereference valuevalue

determinationdetermination :: byby meansmeans ofof CRMCRM oror RMRM

differencedifference betweenbetween medianmedian valuevalue ofof testtest setset datadata andand acceptedaccepted referencereference valuevalue

determinationdetermination :: byby meansmeans ofof CRMCRM oror RMRMdeterminationdetermination :: byby meansmeans ofof CRMCRM oror RMRMdeterminationdetermination :: byby meansmeans ofof CRMCRM oror RMRM

recoveryrecoveryrecoveryrecovery
relativelyrelatively expressedexpressed differencedifference betweenbetween valuesvalues measuringmeasuring samplesample withwith knownknown
amountamount ofof addedadded analyteanalyte andand valuesvalues ofof samplesample withoutwithout addition,addition, relatedrelated toto
addedadded amountamount

relativelyrelatively expressedexpressed differencedifference betweenbetween valuesvalues measuringmeasuring samplesample withwith knownknown
amountamount ofof addedadded analyteanalyte andand valuesvalues ofof samplesample withoutwithout addition,addition, relatedrelated toto
addedadded amountamount

precisionprecision
ll ff id iid i bb i d di d d ll b i db i d dd ii

precisionprecision
ll ff id iid i bb i d di d d ll b i db i d dd iiclosenesscloseness ofof identityidentity betweenbetween independentindependent testtest resultsresults obtainedobtained underunder givengiven

conditionsconditions
closenesscloseness ofof identityidentity betweenbetween independentindependent testtest resultsresults obtainedobtained underunder givengiven
conditionsconditions

repeatabilityrepeatability
resultresult identityidentity determineddetermined underunder repeatabilityrepeatability conditionsconditions (same(same laboratory,laboratory,
samesame method,method, samesame instrumentation,instrumentation, samesame operator,operator, duringduring shortshort timetime period)period)

repeatabilityrepeatability
resultresult identityidentity determineddetermined underunder repeatabilityrepeatability conditionsconditions (same(same laboratory,laboratory,
samesame method,method, samesame instrumentation,instrumentation, samesame operator,operator, duringduring shortshort timetime period)period),, ,, p ,p , gg p )p ),, ,, p ,p , gg p )p )
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reproducibilityreproducibility
identityidentity ofof identificationidentification underunder reproducibilityreproducibility conditionsconditions (same(same method,method,
reproducibilityreproducibility
identityidentity ofof identificationidentification underunder reproducibilityreproducibility conditionsconditions (same(same method,method,
differentdifferent laboratory,laboratory, differentdifferent operator,operator, differentdifferent instrumentation,instrumentation, differentdifferent time)time)

preciseprecise specificationspecification –– servesserves asas groundground forfor constructionconstruction ofof regulationregulation diagramsdiagrams

differentdifferent laboratory,laboratory, differentdifferent operator,operator, differentdifferent instrumentation,instrumentation, differentdifferent time)time)

preciseprecise specificationspecification –– servesserves asas groundground forfor constructionconstruction ofof regulationregulation diagramsdiagrams

uncertaintyuncertainty ofof measurementmeasurement
parameterparameter associatedassociated toto measurementmeasurement result,result, characterisingcharacterising variationvariation ofof values,values,
whichwhich mightmight bebe assignedassigned toto measuredmeasured quantityquantity withwith goodgood reasonreason

uncertaintyuncertainty ofof measurementmeasurement
parameterparameter associatedassociated toto measurementmeasurement result,result, characterisingcharacterising variationvariation ofof values,values,
whichwhich mightmight bebe assignedassigned toto measuredmeasured quantityquantity withwith goodgood reasonreasonwhichwhich mightmight bebe assignedassigned toto measuredmeasured quantityquantity withwith goodgood reasonreason

includesincludes manymany componentscomponents

typetype AA uncertaintyuncertainty –– characterisedcharacterised byby standardstandard deviationdeviation derivedderived fromfrom

whichwhich mightmight bebe assignedassigned toto measuredmeasured quantityquantity withwith goodgood reasonreason

includesincludes manymany componentscomponents

typetype AA uncertaintyuncertainty –– characterisedcharacterised byby standardstandard deviationdeviation derivedderived fromfromtypetype AA uncertaintyuncertainty –– characterisedcharacterised byby standardstandard deviationdeviation derivedderived fromfrom
statisticstatistic distributiondistribution ofof resultsresults
typetype BB uncertaintyuncertainty –– characterisedcharacterised byby standardstandard deviationsdeviations derivedderived fromfrom
supposedsupposed distributionsdistributions gainedgained inin experienceexperience

typetype AA uncertaintyuncertainty –– characterisedcharacterised byby standardstandard deviationdeviation derivedderived fromfrom
statisticstatistic distributiondistribution ofof resultsresults
typetype BB uncertaintyuncertainty –– characterisedcharacterised byby standardstandard deviationsdeviations derivedderived fromfrom
supposedsupposed distributionsdistributions gainedgained inin experienceexperiencesupposedsupposed distributionsdistributions gainedgained inin experienceexperience

uncertaintyuncertainty asas standardstandard deviationdeviation –– standardstandard uncertaintyuncertainty uu(x)(x)
resultingresulting methodmethod uncertaintyuncertainty –– combinedcombined standardstandard uncertaintyuncertainty uucc(x)(x)

supposedsupposed distributionsdistributions gainedgained inin experienceexperience

uncertaintyuncertainty asas standardstandard deviationdeviation –– standardstandard uncertaintyuncertainty uu(x)(x)
resultingresulting methodmethod uncertaintyuncertainty –– combinedcombined standardstandard uncertaintyuncertainty uucc(x)(x)resultingresulting methodmethod uncertaintyuncertainty combinedcombined standardstandard uncertaintyuncertainty uucc(x)(x)
uncertaintyuncertainty –– intervalinterval aroundaround measurementmeasurement resultresult (extended(extended uncertaintyuncertainty UU))

U = k*U = k*uucc,  where ,  where kk is extension coefficientis extension coefficient

resultingresulting methodmethod uncertaintyuncertainty combinedcombined standardstandard uncertaintyuncertainty uucc(x)(x)
uncertaintyuncertainty –– intervalinterval aroundaround measurementmeasurement resultresult (extended(extended uncertaintyuncertainty UU))

U = k*U = k*uucc,  where ,  where kk is extension coefficientis extension coefficientcc
normallynormally distributeddistributed valuesvalues andand kk == 22 ⇒⇒

⇒⇒ resultresult inin givengiven intervalinterval withwith probabilityprobability 9595 %%

cc
normallynormally distributeddistributed valuesvalues andand kk == 22 ⇒⇒

⇒⇒ resultresult inin givengiven intervalinterval withwith probabilityprobability 9595 %%
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calibrationcalibration
setset ofof procedures,procedures, whichwhich underunder specificspecific conditionsconditions setset upup relationrelation betweenbetween
calibrationcalibration
setset ofof procedures,procedures, whichwhich underunder specificspecific conditionsconditions setset upup relationrelation betweenbetweensetset ofof procedures,procedures, whichwhich underunder specificspecific conditionsconditions setset upup relationrelation betweenbetween
valuesvalues ofof measuredmeasured quantitiesquantities andand respectiverespective calibrationcalibration valuesvalues (etalons)(etalons)

calibration functioncalibration function S =S =ff (c)(c)

setset ofof procedures,procedures, whichwhich underunder specificspecific conditionsconditions setset upup relationrelation betweenbetween
valuesvalues ofof measuredmeasured quantitiesquantities andand respectiverespective calibrationcalibration valuesvalues (etalons)(etalons)

calibration functioncalibration function S =S =ff (c)(c)

analyticalanalytical sensitivitysensitivity –– 11stst derivationderivation ofof thethe functionfunction aboveabove onon concentrationconcentration
dS/dc = ddS/dc = dff (c)/dc(c)/dc

analyticalanalytical sensitivitysensitivity –– 11stst derivationderivation ofof thethe functionfunction aboveabove onon concentrationconcentration
dS/dc = ddS/dc = dff (c)/dc(c)/dc

calculuscalculus ofof calibrationcalibration functionfunction ofof calibrationcalibration datadata byby regressionregression analysisanalysiscalculuscalculus ofof calibrationcalibration functionfunction ofof calibrationcalibration datadata byby regressionregression analysisanalysis

d td t lili d dd d (li it(li it ff fidfid i li l l l ti )l l ti )d td t lili d dd d (li it(li it ff fidfid i li l l l ti )l l ti )advantageadvantage –– linearlinear dependencedependence (limits(limits ofof confidence,confidence, simplersimpler calculations)calculations)

limitlimit ofof detectiondetection ((LLDD,, LODLOD)) –– isis relatedrelated toto confidenceconfidence limitslimits

advantageadvantage –– linearlinear dependencedependence (limits(limits ofof confidence,confidence, simplersimpler calculations)calculations)

limitlimit ofof detectiondetection ((LLDD,, LODLOD)) –– isis relatedrelated toto confidenceconfidence limitslimits
αα == ββ == 00..0505

ββ –– probabilityprobability ofof falsefalse negativenegative resultresult
αα –– probabilityprobability ofof falsefalse positivepositive resultresult

αα == ββ == 00..0505
ββ –– probabilityprobability ofof falsefalse negativenegative resultresult
αα –– probabilityprobability ofof falsefalse positivepositive resultresultp yp y pp

limitlimit ofof quantificationquantification ((LOQLOQ))
thethe lowestlowest measurementmeasurement value,value, forfor whichwhich thethe uncertaintyuncertainty couldcould bebe defineddefined;;

p yp y pp

limitlimit ofof quantificationquantification ((LOQLOQ))
thethe lowestlowest measurementmeasurement value,value, forfor whichwhich thethe uncertaintyuncertainty couldcould bebe defineddefined;;thethe lowestlowest measurementmeasurement value,value, forfor whichwhich thethe uncertaintyuncertainty couldcould bebe defineddefined;;

IUPACIUPAC:: forfor LOQLOQ uncertaintyuncertainty (variation(variation coefficient)coefficient) == 1010 %%

thethe lowestlowest measurementmeasurement value,value, forfor whichwhich thethe uncertaintyuncertainty couldcould bebe defineddefined;;

IUPACIUPAC:: forfor LOQLOQ uncertaintyuncertainty (variation(variation coefficient)coefficient) == 1010 %%
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measuringmeasuring intervalintervalmeasuringmeasuring intervalintervalmeasuringmeasuring intervalinterval
closedclosed valuevalue interval,interval, whichwhich couldcould bebe obtainedobtained byby givengiven measuringmeasuring procedureprocedure;; itit
isis restrictedrestricted byby upperupper andand lowerlower detectiondetection limitslimits;; withinwithin photometricphotometric methods,methods,
thethe linearlinear rangerange ofof calibrationcalibration curvecurve isis chosenchosen TT ff (log(log cc))

measuringmeasuring intervalinterval
closedclosed valuevalue interval,interval, whichwhich couldcould bebe obtainedobtained byby givengiven measuringmeasuring procedureprocedure;; itit
isis restrictedrestricted byby upperupper andand lowerlower detectiondetection limitslimits;; withinwithin photometricphotometric methods,methods,
thethe linearlinear rangerange ofof calibrationcalibration curvecurve isis chosenchosen TT ff (log(log cc))thethe linearlinear rangerange ofof calibrationcalibration curvecurve isis chosenchosen TT == ff (log(log cc))

linearitylinearity
t tit ti ii hi hhi h l tl t i li l ii lili f tif ti ff t tit ti

thethe linearlinear rangerange ofof calibrationcalibration curvecurve isis chosenchosen TT == ff (log(log cc))

linearitylinearity
t tit ti ii hi hhi h l tl t i li l ii lili f tif ti ff t tit ticoncentrationconcentration range,range, inin whichwhich analytanalyt.. signalsignal isis linearlinear functionfunction ofof concentrationconcentration

calibrationcalibration (linear(linear function)function)::

concentrationconcentration range,range, inin whichwhich analytanalyt.. signalsignal isis linearlinear functionfunction ofof concentrationconcentration

calibrationcalibration (linear(linear function)function)::
:: 1010 concentrationsconcentrations inin workingworking interval,interval, 33 –– 44 measurementsmeasurements perper concentrationconcentration
:: testtest onon homoskedasticityhomoskedasticity (equal(equal distributiondistribution ofof theirtheir standardstandard deviations)deviations)
:: regressionregression lineline constructionconstruction

:: 1010 concentrationsconcentrations inin workingworking interval,interval, 33 –– 44 measurementsmeasurements perper concentrationconcentration
:: testtest onon homoskedasticityhomoskedasticity (equal(equal distributiondistribution ofof theirtheir standardstandard deviations)deviations)
:: regressionregression lineline constructionconstructiongg

:::: normalnormal regressionregression (homoskedasticity)(homoskedasticity)
:::: weightedweighted regressionregression (heteroskedasticity)(heteroskedasticity)

:: testtest onon linearitylinearity

gg
:::: normalnormal regressionregression (homoskedasticity)(homoskedasticity)
:::: weightedweighted regressionregression (heteroskedasticity)(heteroskedasticity)

:: testtest onon linearitylinearity:: testtest onon linearitylinearity
:: calculationcalculation ofof confidenceconfidence limitslimits
:: testtest onon linearitylinearity
:: calculationcalculation ofof confidenceconfidence limitslimits
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analyticalanalytical specificityspecificity
abilityability ofof measurementmeasurement procedureprocedure toto measuremeasure onlyonly thethe desireddesired quantityquantity
analyticalanalytical specificityspecificity
abilityability ofof measurementmeasurement procedureprocedure toto measuremeasure onlyonly thethe desireddesired quantityquantity

expressionexpression –– asas unspecificityunspecificity,, ii..ee.. asas effecteffect ofof randomrandom samplesample componentcomponent
differentdifferent fromfrom analyteanalyte causingcausing changeschanges inin indicationindication ofof measuringmeasuring instrumentinstrument
andand thusthus introducingintroducing systematicsystematic errorerror

expressionexpression –– asas unspecificityunspecificity,, ii..ee.. asas effecteffect ofof randomrandom samplesample componentcomponent
differentdifferent fromfrom analyteanalyte causingcausing changeschanges inin indicationindication ofof measuringmeasuring instrumentinstrument
andand thusthus introducingintroducing systematicsystematic errorerrorandand thusthus introducingintroducing systematicsystematic errorerror

interferenceinterference
systematicsystematic errorerror ofof measurementmeasurement causedcaused byby analyticanalytic interferentinterferent

andand thusthus introducingintroducing systematicsystematic errorerror

interferenceinterference
systematicsystematic errorerror ofof measurementmeasurement causedcaused byby analyticanalytic interferentinterferentsystematicsystematic errorerror ofof measurementmeasurement causedcaused byby analyticanalytic interferentinterferent

analyticanalytic interferentinterferent –– samplesample component,component, whichwhich isis alsoalso partpart whichwhich influencesinfluences
titititi itit itit lflf tt hh ii i di tii di ti di tldi tl b tb t i di tli di tl

systematicsystematic errorerror ofof measurementmeasurement causedcaused byby analyticanalytic interferentinterferent

analyticanalytic interferentinterferent –– samplesample component,component, whichwhich isis alsoalso partpart whichwhich influencesinfluences
titititi itit itit lflf tt hh ii i di tii di ti di tldi tl b tb t i di tli di tlquantitiesquantities;; itit itit--selfself causescauses notnot changeschanges inin indicationindication directly,directly, butbut indirectlyindirectlyquantitiesquantities;; itit itit--selfself causescauses notnot changeschanges inin indicationindication directly,directly, butbut indirectlyindirectly

robustnessrobustness (ruggedness)(ruggedness)
methodmethod abilityability toto produceproduce acceptableacceptable resultsresults ofof measurementmeasurement alsoalso inin aa casecase ofof
smallsmall deviationdeviation inin measuringmeasuring procedureprocedure oror inin samplesample compositioncomposition

robustnessrobustness (ruggedness)(ruggedness)
methodmethod abilityability toto produceproduce acceptableacceptable resultsresults ofof measurementmeasurement alsoalso inin aa casecase ofof
smallsmall deviationdeviation inin measuringmeasuring procedureprocedure oror inin samplesample compositioncompositionsmallsmall deviationdeviation inin measuringmeasuring procedureprocedure oror inin samplesample compositioncompositionsmallsmall deviationdeviation inin measuringmeasuring procedureprocedure oror inin samplesample compositioncomposition
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comparisoncomparison withwith otherother methodsmethods
ee gg routinelyroutinely inin laboratorylaboratory usedused methodmethod andand itsits comparisoncomparison toto referencereference
comparisoncomparison withwith otherother methodsmethods
ee gg routinelyroutinely inin laboratorylaboratory usedused methodmethod andand itsits comparisoncomparison toto referencereferenceee..gg.. routinelyroutinely inin laboratorylaboratory usedused methodmethod andand itsits comparisoncomparison toto referencereference
methodmethod (IFCC),(IFCC), oror withwith definitivedefinitive method,method, ifif atat disposaldisposal
ee..gg.. routinelyroutinely inin laboratorylaboratory usedused methodmethod andand itsits comparisoncomparison toto referencereference
methodmethod (IFCC),(IFCC), oror withwith definitivedefinitive method,method, ifif atat disposaldisposal

carrycarry--overover
isis notnot methodmethod characteristic,characteristic, butbut says,says, ifif therethere isis nono crosscross--contaminationcontamination withinwithin
tt ftft ii ll ( t l( t l i fli fl ff ll i li l ftft tt dd

carrycarry--overover
isis notnot methodmethod characteristic,characteristic, butbut says,says, ifif therethere isis nono crosscross--contaminationcontamination withinwithin
tt ftft ii ll ( t l( t l i fli fl ff ll i li l ftft tt ddtwotwo afterafter oneone runningrunning samplessamples (mutual(mutual influenceinfluence ofof lowlow signalsignal afterafter strongstrong andand
vicevice versa)versa)
twotwo afterafter oneone runningrunning samplessamples (mutual(mutual influenceinfluence ofof lowlow signalsignal afterafter strongstrong andand
vicevice versa)versa)

problemproblem ofof fillingfilling andand flowflow--throughthrough cuvettescuvettes

procedureprocedure::

problemproblem ofof fillingfilling andand flowflow--throughthrough cuvettescuvettes

procedureprocedure::pp
1515 analyses,analyses, 55xx withwith waterwater (absorbance(absorbance AA11 toto AA55))

55xx withwith samplesample (absorbance(absorbance AA66 toto AA1010))
finallyfinally 55xx withwith waterwater (absorbance(absorbance AA1111 toto AA1515))

pp
1515 analyses,analyses, 55xx withwith waterwater (absorbance(absorbance AA11 toto AA55))

55xx withwith samplesample (absorbance(absorbance AA66 toto AA1010))
finallyfinally 55xx withwith waterwater (absorbance(absorbance AA1111 toto AA1515))finallyfinally 55xx withwith waterwater (absorbance(absorbance AA1111 toto AA1515))

AA66 –– AA55 == AA1010 –– AA55 == AA1010 –– AA1111 aandnd AA1515 –– AA55 == 00,, nono carrycarry--overover happenshappens

finallyfinally 55xx withwith waterwater (absorbance(absorbance AA1111 toto AA1515))

AA66 –– AA55 == AA1010 –– AA55 == AA1010 –– AA1111 aandnd AA1515 –– AA55 == 00,, nono carrycarry--overover happenshappens

carrycarry--overover –– numericallynumerically inin %% asas aa ratioratio ofof carrycarry--overover 100100x(Ax(A1010 –– AA66)/(A)/(A1010 –– AA55))carrycarry--overover –– numericallynumerically inin %% asas aa ratioratio ofof carrycarry--overover 100100x(Ax(A1010 –– AA66)/(A)/(A1010 –– AA55))
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criteriacriteria ofof analyticalanalytical methodmethod choicechoicecriteriacriteria ofof analyticalanalytical methodmethod choicechoiceyyyy

analysisanalysis inin laboratorylaboratory medicinemedicineanalysisanalysis inin laboratorylaboratory medicinemedicineanalysisanalysis inin laboratorylaboratory medicinemedicine
:: sensesense onlyonly inin regardregard toto evaluationevaluation ofof patientspatients healthhealth

twotwo mainmain aspectsaspects

analysisanalysis inin laboratorylaboratory medicinemedicine
:: sensesense onlyonly inin regardregard toto evaluationevaluation ofof patientspatients healthhealth

twotwo mainmain aspectsaspectspp

clinicalclinical usefulnessusefulness –– thethe qualityquality demandeddemanded byby medicalmedical doctorsdoctors

analyticalanalytical determinationdetermination qualityquality –– errorserrors andand uncertainties,uncertainties, interferenceinterference

pp

clinicalclinical usefulnessusefulness –– thethe qualityquality demandeddemanded byby medicalmedical doctorsdoctors

analyticalanalytical determinationdetermination qualityquality –– errorserrors andand uncertainties,uncertainties, interferenceinterferenceanalyticalanalytical determinationdetermination qualityquality errorserrors andand uncertainties,uncertainties, interferenceinterference
andand specificityspecificity ofof methodmethod
analyticalanalytical determinationdetermination qualityquality errorserrors andand uncertainties,uncertainties, interferenceinterference
andand specificityspecificity ofof methodmethod

methodmethod choicechoice accordingaccording toto analyticalanalytical attributesattributes

accordingaccording toto statestate--ofof--thethe--artart

methodmethod choicechoice accordingaccording toto analyticalanalytical attributesattributes

accordingaccording toto statestate--ofof--thethe--artart
proceduresprocedures areare chosenchosen accordingaccording toto contemporarycontemporary demandeddemanded clinicalclinical needsneeds
usingusing analyticalanalytical methodsmethods
proceduresprocedures areare chosenchosen accordingaccording toto contemporarycontemporary demandeddemanded clinicalclinical needsneeds
usingusing analyticalanalytical methodsmethods
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according to panel expertsaccording to panel experts
: empirical findings of experts in specialised medical branches: empirical findings of experts in specialised medical branches
according to panel expertsaccording to panel experts
: empirical findings of experts in specialised medical branches: empirical findings of experts in specialised medical branches
: compromises taking in account state: compromises taking in account state--ofof--art more than real needsart more than real needs

according to results of quality managementaccording to results of quality management

: compromises taking in account state: compromises taking in account state--ofof--art more than real needsart more than real needs

according to results of quality managementaccording to results of quality managementg q y gg q y g
: with increasing quality of analytical methods costs and laboriousness decrease: with increasing quality of analytical methods costs and laboriousness decrease

g q y gg q y g
: with increasing quality of analytical methods costs and laboriousness decrease: with increasing quality of analytical methods costs and laboriousness decrease

choicechoice accordingaccording toto clinicalclinical requisitesrequisites

medicsmedics experienceexperience inin confrontationconfrontation eithereither statestate--ofof--artart inin analysisanalysis

choicechoice accordingaccording toto clinicalclinical requisitesrequisites

medicsmedics experienceexperience inin confrontationconfrontation eithereither statestate--ofof--artart inin analysisanalysis

notnot possiblepossible toto designdesign universaluniversal requisitesrequisites onon qualityquality proceduresprocedures

disadvantagedisadvantage –– itit differsdiffers aa lotlot andand itit isis notnot possiblepossible toto findfind commoncommon criteriacriteria

notnot possiblepossible toto designdesign universaluniversal requisitesrequisites onon qualityquality proceduresprocedures

disadvantagedisadvantage –– itit differsdiffers aa lotlot andand itit isis notnot possiblepossible toto findfind commoncommon criteriacriteria

choicechoice basedbased onon biologicbiologic variabilityvariabilitychoicechoice basedbased onon biologicbiologic variabilityvariabilitygg yy

thethe mostmost relevantrelevant toto clinicalclinical andand analyticalanalytical requisitesrequisites
:: intraintra-- andand interinter--individualindividual variabilityvariability ofof analytesanalytes isis almostalmost constantconstant
(( ii hi hhi h ))

gg yy

thethe mostmost relevantrelevant toto clinicalclinical andand analyticalanalytical requisitesrequisites
:: intraintra-- andand interinter--individualindividual variabilityvariability ofof analytesanalytes isis almostalmost constantconstant
(( ii hi hhi h ))(even(even inin higherhigher age)age)

:: thethe geographicgeographic andand temporaltemporal transfertransfer isis possiblepossible
(even(even inin higherhigher age)age)

:: thethe geographicgeographic andand temporaltemporal transfertransfer isis possiblepossible
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choicechoice accordingaccording toto clinicalclinical importanceimportance

hh hh ff h lthh lth t tt t l dl d tt t tit ti hh ff

choicechoice accordingaccording toto clinicalclinical importanceimportance

hh hh ff h lthh lth t tt t l dl d tt t tit ti hh ffeacheach changechange ofof healthhealth statestate maymay leadlead toto concentrationconcentration changechange ofof somesome
analytesanalytes compositioncomposition;; forfor practicalpractical reasonsreasons itit isis usefuluseful toto indicateindicate onlyonly somesome
changeschanges –– needneed toto definedefine usefuluseful changechange indicationindication

eacheach changechange ofof healthhealth statestate maymay leadlead toto concentrationconcentration changechange ofof somesome
analytesanalytes compositioncomposition;; forfor practicalpractical reasonsreasons itit isis usefuluseful toto indicateindicate onlyonly somesome
changeschanges –– needneed toto definedefine usefuluseful changechange indicationindication

binary results testbinary results test
t tt t ltlt iti / tiiti / ti ( / )( / )

binary results testbinary results test
t tt t ltlt iti / tiiti / ti ( / )( / )testtest resultsresults:: positive/negativepositive/negative (yes/no)(yes/no)

diagnosticdiagnostic importanceimportance (contingence(contingence tabletable 22xx22))

testtest resultsresults:: positive/negativepositive/negative (yes/no)(yes/no)

diagnosticdiagnostic importanceimportance (contingence(contingence tabletable 22xx22))
:: lineslines –– resultsresults foundfound withinwithin groupgroup sicksick andand withinwithin groupgroup nonnon--sicksick:: lineslines –– resultsresults foundfound withinwithin groupgroup sicksick andand withinwithin groupgroup nonnon--sicksick

patientpatient positive testpositive test negative testnegative test sumsum

sicksick correct correct (cp)(cp) falsefalse (fn)(fn) N*cp + N*fnN*cp + N*fn( p)( p) ( )( ) pp

nonnon--sicksick falsefalse (fp)(fp) correct correct (cn)(cn) N*fp + N*cnN*fp + N*cn

sumsum N*cp + N*fpN*cp + N*fp N*fn + N*N*fn + N*cncn N*(cp + fn + fp + cn)N*(cp + fn + fp + cn)

92929292

sumsum N*cp + N*fpN*cp + N*fp N*fn + N*N*fn + N*cncn N*(cp + fn + fp + cn)N*(cp + fn + fp + cn)



sensitivitysensitivity
:: probability,probability, thatthat withinwithin sicksick patientpatient aa positivepositive testtest resultresult willwill bebe foundfound
sensitivitysensitivity
:: probability,probability, thatthat withinwithin sicksick patientpatient aa positivepositive testtest resultresult willwill bebe foundfound

senssens == N*N*ccp p / (/ (N*N*ccp p ++ N*fnN*fn))

standardstandard deviationdeviation sssenssens =√[(=√[(senssens ** ((11 –– senssens)) // NN ]]

senssens == N*N*ccp p / (/ (N*N*ccp p ++ N*fnN*fn))

standardstandard deviationdeviation sssenssens =√[(=√[(senssens ** ((11 –– senssens)) // NN ]]senssens √[(√[( (( )) // ]]senssens √[(√[( (( )) // ]]

specificityspecificity
:: probability,probability, thatthat withinwithin nonnon--sicksick patientpatient aa negativenegative testtest resultresult willwill bebe foundfound
specificityspecificity
:: probability,probability, thatthat withinwithin nonnon--sicksick patientpatient aa negativenegative testtest resultresult willwill bebe foundfound:: probability,probability, thatthat withinwithin nonnon sicksick patientpatient aa negativenegative testtest resultresult willwill bebe foundfound

specspec == N*N*ccn n / (/ (N*fn N*fn ++ N*fpN*fp))

standardstandard deviationdeviation ss == √[(√[(specspec ** ((11 –– specspec)) // NN ]]

:: probability,probability, thatthat withinwithin nonnon sicksick patientpatient aa negativenegative testtest resultresult willwill bebe foundfound

specspec == N*N*ccn n / (/ (N*fn N*fn ++ N*fpN*fp))

standardstandard deviationdeviation ss == √[(√[(specspec ** ((11 –– specspec)) // NN ]]standardstandard deviationdeviation ssspecspec == √[(√[(specspec ** ((11 –– specspec)) // NN ]]

nonnon--sensitivitysensitivity
:: probabilityprobability ofof expectingexpecting falsefalse negativenegative testtest resultresult withinwithin sicksick patientpatient

standardstandard deviationdeviation ssspecspec == √[(√[(specspec ** ((11 –– specspec)) // NN ]]

nonnon--sensitivitysensitivity
:: probabilityprobability ofof expectingexpecting falsefalse negativenegative testtest resultresult withinwithin sicksick patientpatientp yp y p gp g gg pp
:: nonnon--sensitivitysensitivity isis complementarycomplementary toto sensitivitysensitivity

(1 (1 –– senssens)) == nonnon--senssens == N*fn N*fn // ((N*fn N*fn ++ N*N*ccpp))

p yp y p gp g gg pp
:: nonnon--sensitivitysensitivity isis complementarycomplementary toto sensitivitysensitivity

(1 (1 –– senssens)) == nonnon--senssens == N*fn N*fn // ((N*fn N*fn ++ N*N*ccpp))

nonnon--specificityspecificity
:: probabilityprobability ofof expectingexpecting falsefalse positivepositive resultresult withinwithin nonnon--sicksick patientpatient
nonnon--specificityspecificity
:: probabilityprobability ofof expectingexpecting falsefalse positivepositive resultresult withinwithin nonnon--sicksick patientpatientp yp y p gp g pp pp

(1 (1 –– specspec) =) = nonnon--specspec == N*fp N*fp // ((N*fp N*fp ++ N*N*ccnn))

p yp y p gp g pp pp

(1 (1 –– specspec) =) = nonnon--specspec == N*fp N*fp // ((N*fp N*fp ++ N*N*ccnn))
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predictionprediction
:: probabilityprobability ofof sicknesssickness ifif testtest resultresult isis positivepositive (or(or nonnon--sicknesssickness testtest negative)negative)
predictionprediction
:: probabilityprobability ofof sicknesssickness ifif testtest resultresult isis positivepositive (or(or nonnon--sicknesssickness testtest negative)negative):: probabilityprobability ofof sicknesssickness ifif testtest resultresult isis positivepositive (or(or nonnon sicknesssickness testtest negative)negative)
:: describeddescribed byby toto conditionalconditional probabilitiesprobabilities

predpospredpos == N*cp N*cp / (/ (N*cp N*cp ++ N*fnN*fn))

:: probabilityprobability ofof sicknesssickness ifif testtest resultresult isis positivepositive (or(or nonnon sicknesssickness testtest negative)negative)
:: describeddescribed byby toto conditionalconditional probabilitiesprobabilities

predpospredpos == N*cp N*cp / (/ (N*cp N*cp ++ N*fnN*fn))
prednegpredneg == N*cn N*cn / (/ (N*cn N*cn ++ N*fnN*fn) ) prednegpredneg == N*cn N*cn / (/ (N*cn N*cn ++ N*fnN*fn) ) 

TT ¬T¬T ΣΣ
DD 9494 66 100100

¬D¬D 55 9595 100100

ΣΣ 9999 101101 200200ΣΣ 9999 101101 200200

senssens = 94/100 == 94/100 = 0.940.94
95/10095/100 0 950 95

senssens = 94/100 == 94/100 = 0.940.94
95/10095/100 0 950 95specspec = 95/100 = = 95/100 = 0.950.95

nonnon--senssens = 6/100 = = 6/100 = 0.060.06
nonnon--specspec = 5/100 = = 5/100 = 0.050.05

specspec = 95/100 = = 95/100 = 0.950.95
nonnon--senssens = 6/100 = = 6/100 = 0.060.06
nonnon--specspec = 5/100 = = 5/100 = 0.050.05

predpospredpos =  94/(94 + 5) = =  94/(94 + 5) = 0.950.95
prednegpredneg = 95/(95 + 6) = = 95/(95 + 6) = 0.940.94
predpospredpos =  94/(94 + 5) = =  94/(94 + 5) = 0.950.95
prednegpredneg = 95/(95 + 6) = = 95/(95 + 6) = 0.940.94
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prevalenceprevalence importanceimportance
:: probabilityprobability ofof sicknesssickness inin defineddefined populationpopulation inin defineddefined timetime periodperiod
prevalenceprevalence importanceimportance
:: probabilityprobability ofof sicknesssickness inin defineddefined populationpopulation inin defineddefined timetime periodperiod

prevalenceprevalence –– ratioratio ofof sicksick patientspatients toto allall testedtested patientspatients
100100 DD ++ 100100 ¬¬DD ⇒⇒ 200200 teststests ⇒⇒ prevalpreval == 00..55

prevalenceprevalence –– ratioratio ofof sicksick patientspatients toto allall testedtested patientspatients
100100 DD ++ 100100 ¬¬DD ⇒⇒ 200200 teststests ⇒⇒ prevalpreval == 00..55

sensitivitysensitivity andand specificityspecificity isis notnot changedchanged,, ifif numbernumber ofof testedtested changes,changes, thethe
predictionprediction alsoalso changeschanges
sensitivitysensitivity andand specificityspecificity isis notnot changedchanged,, ifif numbernumber ofof testedtested changes,changes, thethe
predictionprediction alsoalso changeschanges

TT ¬T¬T ΣΣ
DD 470470 3030 500500

¬D¬D 475475 90259025 95009500

ΣΣ 945945 90559055 1000010000

at any time, compareat any time, compare
only comparableonly comparable
testing groupstesting groups

at any time, compareat any time, compare
only comparableonly comparable
testing groupstesting groups

DD == 500500,, ¬D¬D == 95009500 ⇒⇒ prevalpreval == 00..0505DD == 500500,, ¬D¬D == 95009500 ⇒⇒ prevalpreval == 00..0505

ΣΣ 945945 90559055 1000010000testing groupstesting groups

heart attack predictionheart attack prediction

testing groupstesting groups

heart attack predictionheart attack prediction

senssens == 470470//500500 == 00..9494
specspec == 90259025//95009500 == 00..9595
senssens == 470470//500500 == 00..9494
specspec == 90259025//95009500 == 00..9595

populationpopulation X X cardiacscardiacspopulationpopulation X X cardiacscardiacs

predpospredpos == 470470//945945 == 00..497497
prednegpredneg == 90259025//90559055 == 00..997997
predpospredpos == 470470//945945 == 00..497497
prednegpredneg == 90259025//90559055 == 00..997997
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incidenceincidence
:: sicknesssickness appearanceappearance inin defineddefined timetime intervalinterval (e(e gg year)year)
incidenceincidence
:: sicknesssickness appearanceappearance inin defineddefined timetime intervalinterval (e(e gg year)year):: sicknesssickness appearanceappearance inin defineddefined timetime intervalinterval (e(e..gg.. year)year)

ee..gg.. diabetesdiabetes
:: prevalenceprevalence inin USAUSA –– 22..0000 %%,, ii..ee.. caca 44 millionsmillions ofof citizenscitizens havehave diabetesdiabetes

:: sicknesssickness appearanceappearance inin defineddefined timetime intervalinterval (e(e..gg.. year)year)

ee..gg.. diabetesdiabetes
:: prevalenceprevalence inin USAUSA –– 22..0000 %%,, ii..ee.. caca 44 millionsmillions ofof citizenscitizens havehave diabetesdiabetespp ,,
:: incidenceincidence inin USAUSA –– 11..9999 %%,, ii..ee.. eacheach yearyear 398398 000000 ofof newnew diabetesdiabetes casescases

pp ,,
:: incidenceincidence inin USAUSA –– 11..9999 %%,, ii..ee.. eacheach yearyear 398398 000000 ofof newnew diabetesdiabetes casescases

ffi iffi iffi iffi iefficiencyefficiency
:: ratioratio ofof allall positivepositive resultsresults toto totaltotal numbernumber ofof resultsresults

efficiencyefficiency = (= (N*cpN*cp ++ N*cnN*cn) / () / (N*cpN*cp ++ N*cnN*cn ++ N*fpN*fp ++ N*fnN*fn))

efficiencyefficiency
:: ratioratio ofof allall positivepositive resultsresults toto totaltotal numbernumber ofof resultsresults

efficiencyefficiency = (= (N*cpN*cp ++ N*cnN*cn) / () / (N*cpN*cp ++ N*cnN*cn ++ N*fpN*fp ++ N*fnN*fn))efficiencyefficiency = (= (N cp N cp ++ N cnN cn) / () / (N cp N cp ++ N cnN cn ++ N fpN fp ++ N fnN fn))efficiencyefficiency = (= (N cp N cp ++ N cnN cn) / () / (N cp N cp ++ N cnN cn ++ N fpN fp ++ N fnN fn))

likehoodlikehood and and likehoodlikehood ratioratiolikehoodlikehood and and likehoodlikehood ratioratio

likehoodlikehood
:: probabilityprobability isis measuremeasure ofof phenomenonphenomenon appearanceappearance withinwithin givengiven hypothesishypothesis
lik h dlik h d ii hh ithiithi diff tdiff t h thh th

likehoodlikehood
:: probabilityprobability isis measuremeasure ofof phenomenonphenomenon appearanceappearance withinwithin givengiven hypothesishypothesis
lik h dlik h d ii hh ithiithi diff tdiff t h thh th:: likehoodlikehood isis phenomenonphenomenon appearanceappearance measuremeasure withinwithin differentdifferent hypotheseshypotheses:: likehoodlikehood isis phenomenonphenomenon appearanceappearance measuremeasure withinwithin differentdifferent hypotheseshypotheses
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likelihoodlikelihood quotientquotient LQLQ ((likelihoodlikelihood ratioratio))likelihoodlikelihood quotientquotient LQLQ ((likelihoodlikelihood ratioratio))likelihoodlikelihood quotientquotient LQLQ ((likelihoodlikelihood ratioratio))

LQ = sens LQ = sens // (1 (1 –– spec)spec)

insteadinstead ofof prevalenceprevalence andand predictionprediction valuevalue:: chancechance ((WW))

likelihoodlikelihood quotientquotient LQLQ ((likelihoodlikelihood ratioratio))

LQ = sens LQ = sens // (1 (1 –– spec)spec)

insteadinstead ofof prevalenceprevalence andand predictionprediction valuevalue:: chancechance ((WW))insteadinstead ofof prevalenceprevalence andand predictionprediction valuevalue:: chancechance ((WW))
postpost –– chancechance afterafter conductingconducting thethe testtest
anteante –– chancechance beforebefore conductingconducting thethe testtest

WW LQ * WLQ * W

insteadinstead ofof prevalenceprevalence andand predictionprediction valuevalue:: chancechance ((WW))
postpost –– chancechance afterafter conductingconducting thethe testtest
anteante –– chancechance beforebefore conductingconducting thethe testtest

WW LQ * WLQ * WWWpostpost == LQ * WLQ * Wanteante

relationrelation betweenbetween probabilitiesprobabilities andand chanceschances

/ (/ ( )) / (/ ( ))

WWpostpost == LQ * WLQ * Wanteante

relationrelation betweenbetween probabilitiesprobabilities andand chanceschances

/ (/ ( )) / (/ ( ))W W == P P / (1 / (1 –– PP); ); P P = W = W / (1 + / (1 + WW ))W W == P P / (1 / (1 –– PP); ); P P = W = W / (1 + / (1 + WW ))

WWanteante = P = P / (1 / (1 –– PP ) = 0.05 / (1 ) = 0.05 / (1 –– 0.05) = 0.05260.05) = 0.0526

LQLQ // (1(1 )) 0 94 / (10 94 / (1 0 95) 18 80 95) 18 8

WWanteante = P = P / (1 / (1 –– PP ) = 0.05 / (1 ) = 0.05 / (1 –– 0.05) = 0.05260.05) = 0.0526

LQLQ // (1(1 )) 0 94 / (10 94 / (1 0 95) 18 80 95) 18 8LQLQ = sens = sens // (1 (1 –– spec) spec) = 0.94 / (1 = 0.94 / (1 –– 0.95) = 18.80.95) = 18.8

WWpostpost =    LQ =    LQ **WWanteante = 0.0526 * 18.8 = 0.98888= 0.0526 * 18.8 = 0.98888

LQLQ = sens = sens // (1 (1 –– spec) spec) = 0.94 / (1 = 0.94 / (1 –– 0.95) = 18.80.95) = 18.8

WWpostpost =    LQ =    LQ **WWanteante = 0.0526 * 18.8 = 0.98888= 0.0526 * 18.8 = 0.98888

WWpostpost / (1+/ (1+WWpostpost) = 0.98888 / (1 + 0.98888) = ) = 0.98888 / (1 + 0.98888) = 0.4970.497WWpostpost / (1+/ (1+WWpostpost) = 0.98888 / (1 + 0.98888) = ) = 0.98888 / (1 + 0.98888) = 0.4970.497
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analyticalanalytical methodmethod classificationclassificationanalyticalanalytical methodmethod classificationclassificationdefinitivedefinitive methodsmethods

b db d i ti t dil tidil ti (ID)(ID) dd t tt t (ID(ID MS)MS)

definitivedefinitive methodsmethods

b db d i ti t dil tidil ti (ID)(ID) dd t tt t (ID(ID MS)MS)basedbased onon isotopeisotope dilutiondilution (ID)(ID) andand massmass spectrometryspectrometry (ID(ID--MS),MS), oror onon
combinationcombination ofof IDID withwith gasgas chromatographychromatography (ID(ID--GC)GC)

:: mostlymostly notnot applicableapplicable intointo dailydaily praxispraxis –– complexcomplex andand laboriouslaborious

basedbased onon isotopeisotope dilutiondilution (ID)(ID) andand massmass spectrometryspectrometry (ID(ID--MS),MS), oror onon
combinationcombination ofof IDID withwith gasgas chromatographychromatography (ID(ID--GC)GC)

:: mostlymostly notnot applicableapplicable intointo dailydaily praxispraxis –– complexcomplex andand laboriouslaborious:: mostlymostly notnot applicableapplicable intointo dailydaily praxispraxis –– complexcomplex andand laboriouslaborious
:: serveserve mainlymainly withinwithin attestationattestation ofof calibratorscalibrators andand controlcontrol preparationspreparations
:: mostlymostly notnot applicableapplicable intointo dailydaily praxispraxis –– complexcomplex andand laboriouslaborious
:: serveserve mainlymainly withinwithin attestationattestation ofof calibratorscalibrators andand controlcontrol preparationspreparations

referencereference methodsmethodsreferencereference methodsmethods

elemental,elemental, thoroughlythoroughly studiedstudied andand defineddefined measuringmeasuring procedure,procedure, whichwhich
analyticalanalytical attributesattributes (uncertainty(uncertainty andand bias)bias) allowallow itsits useuse toto checkcheck accuracyaccuracy ofof
otherother measuringmeasuring proceduresprocedures andand toto characterisecharacterise referencereference materialmaterial

elemental,elemental, thoroughlythoroughly studiedstudied andand defineddefined measuringmeasuring procedure,procedure, whichwhich
analyticalanalytical attributesattributes (uncertainty(uncertainty andand bias)bias) allowallow itsits useuse toto checkcheck accuracyaccuracy ofof
otherother measuringmeasuring proceduresprocedures andand toto characterisecharacterise referencereference materialmaterialotherother measuringmeasuring proceduresprocedures andand toto characterisecharacterise referencereference materialmaterialotherother measuringmeasuring proceduresprocedures andand toto characterisecharacterise referencereference materialmaterial

recommendedrecommended methodsmethods

(according(according toto IFCC)IFCC) withwith wellwell describeddescribed logicallogical stepssteps whichwhich areare orderedordered asas theythey

recommendedrecommended methodsmethods

(according(according toto IFCC)IFCC) withwith wellwell describeddescribed logicallogical stepssteps whichwhich areare orderedordered asas theythey(according(according toto IFCC)IFCC) withwith wellwell describeddescribed logicallogical steps,steps, whichwhich areare orderedordered asas theythey
werewere defineddefined andand recommendedrecommended byby relevantrelevant authorityauthority
(according(according toto IFCC)IFCC) withwith wellwell describeddescribed logicallogical steps,steps, whichwhich areare orderedordered asas theythey
werewere defineddefined andand recommendedrecommended byby relevantrelevant authorityauthority

routineroutine methodsmethodsroutineroutine methodsmethods

methods,methods, whichwhich fitfit nonenone ofof thethe aboveabove groupsgroups

:: mustmust bebe commutablecommutable withwith referencereference methodmethod

methods,methods, whichwhich fitfit nonenone ofof thethe aboveabove groupsgroups

:: mustmust bebe commutablecommutable withwith referencereference methodmethodustust bebe co utab eco utab e tt e e e cee e e ce et odet od

commutablecommutable methodmethod –– givesgives onon representativerepresentative setset ofof nativenative serasera samesame resultsresults
andand referencereference methodmethod

ustust bebe co utab eco utab e tt e e e cee e e ce et odet od

commutablecommutable methodmethod –– givesgives onon representativerepresentative setset ofof nativenative serasera samesame resultsresults
andand referencereference methodmethod 98989898



analyticalanalytical methodmethod optimisationoptimisationanalyticalanalytical methodmethod optimisationoptimisation

optimaloptimal conditionsconditions forfor analysisanalysis
:: reactionreaction mixturemixture compositioncomposition (type,(type, componentcomponent concentration,concentration, pHpH andand

reactionreaction mixturemixture temperaturetemperature etcetc..))

optimaloptimal conditionsconditions forfor analysisanalysis
:: reactionreaction mixturemixture compositioncomposition (type,(type, componentcomponent concentration,concentration, pHpH andand

reactionreaction mixturemixture temperaturetemperature etcetc..))reactionreaction mixturemixture temperaturetemperature etcetc..))
:: individualindividual stepssteps andand orderorder ofof agentsagents addingadding

reactionreaction mixturemixture temperaturetemperature etcetc..))
:: individualindividual stepssteps andand orderorder ofof agentsagents addingadding

findingfinding optimaloptimal reactionreaction conditionsconditions –– studystudy ofof higherhigher numbernumber ofof parametersparametersfindingfinding optimaloptimal reactionreaction conditionsconditions –– studystudy ofof higherhigher numbernumber ofof parametersparametersfindingfinding optimaloptimal reactionreaction conditionsconditions –– studystudy ofof higherhigher numbernumber ofof parameters,parameters,
theirtheir influenceinfluence isis estimatedestimated

therethere isis mostlymostly onlyonly oneone particularparticular optimaloptimal combinationcombination

findingfinding optimaloptimal reactionreaction conditionsconditions –– studystudy ofof higherhigher numbernumber ofof parameters,parameters,
theirtheir influenceinfluence isis estimatedestimated

therethere isis mostlymostly onlyonly oneone particularparticular optimaloptimal combinationcombinationyy yy pp pp

singlesingle variablevariable approachapproach (SVA)(SVA)
relaxationrelaxation methodmethod

dd hh ll d dd d h hh h bb ff

yy yy pp pp

singlesingle variablevariable approachapproach (SVA)(SVA)
relaxationrelaxation methodmethod

dd hh ll d dd d h hh h bb ffstudiesstudies thethe reactionreaction parametersparameters separatelyseparately;; demandsdemands higherhigher numbernumber ofof
independentindependent measurementsmeasurements;; studiesstudies separatelyseparately eveneven thosethose parametersparameters whichwhich
mightmight correlatecorrelate (may(may leadlead toto incorrectincorrect conclusions)conclusions)

studiesstudies thethe reactionreaction parametersparameters separatelyseparately;; demandsdemands higherhigher numbernumber ofof
independentindependent measurementsmeasurements;; studiesstudies separatelyseparately eveneven thosethose parametersparameters whichwhich
mightmight correlatecorrelate (may(may leadlead toto incorrectincorrect conclusions)conclusions)

multimulti variablevariable approachapproach (MVA)(MVA)
studiesstudies parametersparameters inin aa complexcomplex wayway;; parametersparameters areare changedchanged inin parallelparallel;;

th di llth di ll tt

multimulti variablevariable approachapproach (MVA)(MVA)
studiesstudies parametersparameters inin aa complexcomplex wayway;; parametersparameters areare changedchanged inin parallelparallel;;

th di llth di ll ttmethodicallymethodically correctcorrect

:: demandsdemands experimentalexperimental designdesign (ED)(ED)

methodicallymethodically correctcorrect

:: demandsdemands experimentalexperimental designdesign (ED)(ED)
99999999



experimentalexperimental designdesign

wayway howhow toto conductconduct experimentsexperiments toto getget outout ofof minimalminimal numbernumber ofof pointspoints

experimentalexperimental designdesign

wayway howhow toto conductconduct experimentsexperiments toto getget outout ofof minimalminimal numbernumber ofof pointspoints
maximummaximum ofof informationinformation andand thusthus thethe bestbest multivariablemultivariable functionfunction descriptiondescriptionmaximummaximum ofof informationinformation andand thusthus thethe bestbest multivariablemultivariable functionfunction descriptiondescription

factorialfactorial designdesignfactorialfactorial designdesign

fullfull factorialfactorial experimentalexperimental designdesign (FED)(FED)
:: containscontains allall possiblepossible combinationscombinations ofof chosenchosen factorsfactors
fullfull factorialfactorial experimentalexperimental designdesign (FED)(FED)
:: containscontains allall possiblepossible combinationscombinations ofof chosenchosen factorsfactors

parametersparameters:: numbernumber ofof factorsfactors andand numbernumber ofof levelslevels ofof eacheach factorfactor

numbernumber ofof factorsfactors (f)(f) isis relatedrelated toto numbernumber ofof inputinput variablesvariables (component(component

parametersparameters:: numbernumber ofof factorsfactors andand numbernumber ofof levelslevels ofof eacheach factorfactor

numbernumber ofof factorsfactors (f)(f) isis relatedrelated toto numbernumber ofof inputinput variablesvariables (component(componentnumbernumber ofof factorsfactors (f)(f) isis relatedrelated toto numbernumber ofof inputinput variablesvariables (component(component
number)number)

bb ff l ll l (L)(L) ii bb ff ll ff hh i ti t i bli bl (( bb ff

numbernumber ofof factorsfactors (f)(f) isis relatedrelated toto numbernumber ofof inputinput variablesvariables (component(component
number)number)

bb ff l ll l (L)(L) ii bb ff ll ff hh i ti t i bli bl (( bb ffnumbernumber ofof levelslevels (L)(L) isis numbernumber ofof valuesvalues ofof eacheach inputinput variablevariable ((ee..gg.. numbernumber ofof
measuredmeasured concentrations)concentrations)
numbernumber ofof levelslevels (L)(L) isis numbernumber ofof valuesvalues ofof eacheach inputinput variablevariable ((ee..gg.. numbernumber ofof
measuredmeasured concentrations)concentrations)

numbernumber ofof pointspoints ofof factorialfactorial designdesign (total(total numbernumber ofof experimentsexperiments nn))

nn = L= L ff

numbernumber ofof pointspoints ofof factorialfactorial designdesign (total(total numbernumber ofof experimentsexperiments nn))

nn = L= L ff
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threethree--levellevel twotwo--factorfactor factorialfactorial designdesign
((LL == 33));; 3322 ofof experimentsexperiments
threethree--levellevel twotwo--factorfactor factorialfactorial designdesign
((LL == 33));; 3322 ofof experimentsexperiments
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l l hl l h f f i l d if f i l d il l hl l h f f i l d if f i l d i

vv

variable 1variable 1

variable 1variable 1

variable 1variable 1

vava

twotwo--levellevel twotwo--factorfactor factorialfactorial designdesign
((LL == 22)) thethe simplestsimplest ;; 2222 ofof experimentsexperiments
twotwo--levellevel twotwo--factorfactor factorialfactorial designdesign
((LL == 22)) thethe simplestsimplest ;; 2222 ofof experimentsexperiments

twotwo--level threelevel three--factor factorial designfactor factorial design
((LL = 2) 2= 2) 233 of experimentsof experiments
twotwo--level threelevel three--factor factorial designfactor factorial design
((LL = 2) 2= 2) 233 of experimentsof experiments

fractionalfractional factorialfactorial experimentalexperimental designdesign (FrED)(FrED)
decreasesdecreases numbernumber ofof experimentsexperiments inin contrastcontrast toto FEDFED (which(which isis sometimessometimes toto
complexcomplex andand laborious)laborious)

fractionalfractional factorialfactorial experimentalexperimental designdesign (FrED)(FrED)
decreasesdecreases numbernumber ofof experimentsexperiments inin contrastcontrast toto FEDFED (which(which isis sometimessometimes toto
complexcomplex andand laborious)laborious)pp ))

:: stillstill describesdescribes influenceinfluence ofof eacheach parametersparameters andand controlscontrols possiblepossible interactionsinteractions

f lf l ff dd d dd d

pp ))

:: stillstill describesdescribes influenceinfluence ofof eacheach parametersparameters andand controlscontrols possiblepossible interactionsinteractions

f lf l ff dd d dd d:: usefuluseful inin casescases ofof expensiveexpensive andand timetime--demandingdemanding experimentsexperiments:: usefuluseful inin casescases ofof expensiveexpensive andand timetime--demandingdemanding experimentsexperiments
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starstar designdesign

:: otherother variantvariant ofof experimentalexperimental designdesign

starstar designdesign

:: otherother variantvariant ofof experimentalexperimental designdesignpp gg
:: mightmight bebe FrEDFrED variantvariant ofof factorialfactorial designdesign
:: threethree--levellevel twotwo--factorfactor factorialfactorial designdesign ⇒⇒ twotwo--factorfactor starstar designdesign

pp gg
:: mightmight bebe FrEDFrED variantvariant ofof factorialfactorial designdesign
:: threethree--levellevel twotwo--factorfactor factorialfactorial designdesign ⇒⇒ twotwo--factorfactor starstar designdesign

containscontains ((22xf+xf+11)) ofof experiments,experiments, wherewhere ff isis numbernumber ofof dimensionsdimensions
(components)(components)
containscontains ((22xf+xf+11)) ofof experiments,experiments, wherewhere ff isis numbernumber ofof dimensionsdimensions
(components)(components)

locationlocation ofof starstar designdesign pointspoints isis givengiven byby locationlocation ofof centralcentral pointpoint

otheothe pointspoints a ea e locatedlocated s mmet icalls mmet icall a o nda o nd cent ecent e

locationlocation ofof starstar designdesign pointspoints isis givengiven byby locationlocation ofof centralcentral pointpoint

otheothe pointspoints a ea e locatedlocated s mmet icalls mmet icall a o nda o nd cent ecent eotherother pointspoints areare locatedlocated symmetricallysymmetrically aroundaround centrecentreotherother pointspoints areare locatedlocated symmetricallysymmetrically aroundaround centrecentre
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variable 1variable 1
variable 1variable 1

twotwo--factorfactor starstar designdesign
22xf+xf+11 ofof experimentsexperiments
twotwo--factorfactor starstar designdesign
22xf+xf+11 ofof experimentsexperiments

threethree--factor star designfactor star design
2xf+12xf+1 of experimentsof experiments
threethree--factor star designfactor star design
2xf+12xf+1 of experimentsof experiments
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centralcentral andand nonnon--centralcentral compositecomposite designdesigncentralcentral andand nonnon--centralcentral compositecomposite designdesign

combinationcombination ofof factorialfactorial andand starstar experimentalexperimental designdesign –– complexcomplex hyperhyper--flatflat

centralcentral compositecomposite designdesign –– centrescentres ofof bothboth designsdesigns areare equalequal

combinationcombination ofof factorialfactorial andand starstar experimentalexperimental designdesign –– complexcomplex hyperhyper--flatflat

centralcentral compositecomposite designdesign –– centrescentres ofof bothboth designsdesigns areare equalequalcentralcentral compositecomposite designdesign centrescentres ofof bothboth designsdesigns areare equalequal
nonnon--centralcentral compositecomposite designdesign –– centrescentres areare notnot locatedlocated equallyequally
centralcentral compositecomposite designdesign centrescentres ofof bothboth designsdesigns areare equalequal
nonnon--centralcentral compositecomposite designdesign –– centrescentres areare notnot locatedlocated equallyequally
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variable 1variable 1

fivefive--level threelevel three--factor central composite designfactor central composite design
22ff + 2xf+1+ 2xf+1 of experimentsof experiments

fivefive--level threelevel three--factor central composite designfactor central composite design
22ff + 2xf+1+ 2xf+1 of experimentsof experiments
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approximation methods and algorithmsapproximation methods and algorithmsapproximation methods and algorithmsapproximation methods and algorithmspp gpp gpp gpp g

optimisation optimisation –– intention to „discover“ numerically function of output on  intention to „discover“ numerically function of output on  
optimised parameters optimised parameters –– approximationapproximation
optimisation optimisation –– intention to „discover“ numerically function of output on  intention to „discover“ numerically function of output on  
optimised parameters optimised parameters –– approximationapproximation

black boxblack box : algorithms do not describe physico: algorithms do not describe physico--chemical properties, but  chemical properties, but  
„only“ numerically assign relations between variables„only“ numerically assign relations between variables
black boxblack box : algorithms do not describe physico: algorithms do not describe physico--chemical properties, but  chemical properties, but  
„only“ numerically assign relations between variables„only“ numerically assign relations between variables

partialpartial leastleast squaressquares (PLS)(PLS)partialpartial leastleast squaressquares (PLS)(PLS)partialpartial leastleast squaressquares (PLS)(PLS)

PLSPLS –– MVA,MVA, valuesvalues forfor allall analysedanalysed mixturemixture componentscomponents areare calculatedcalculated atat onceonce

partialpartial leastleast squaressquares (PLS)(PLS)

PLSPLS –– MVA,MVA, valuesvalues forfor allall analysedanalysed mixturemixture componentscomponents areare calculatedcalculated atat onceonce

canonicalcanonical correlationcorrelation (CC)(CC)canonicalcanonical correlationcorrelation (CC)(CC)canonicalcanonical correlationcorrelation (CC)(CC)canonicalcanonical correlationcorrelation (CC)(CC)
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artificial neural networksartificial neural networks (ANN)(ANN)artificial neural networksartificial neural networks (ANN)(ANN)

mimickingmimicking biologicalbiological systemsystem ofof mutuallymutually interinter connectedconnected neuronsneuronsmimickingmimicking biologicalbiological systemsystem ofof mutuallymutually interinter connectedconnected neuronsneuronsmimickingmimicking biologicalbiological systemsystem ofof mutuallymutually interinter--connectedconnected neuronsneurons

:: processorsprocessors –– neuronsneurons
:: wayway ofof connectionconnection –– networknetwork topologytopology

mimickingmimicking biologicalbiological systemsystem ofof mutuallymutually interinter--connectedconnected neuronsneurons

:: processorsprocessors –– neuronsneurons
:: wayway ofof connectionconnection –– networknetwork topologytopology ss:: wayway ofof connectionconnection networknetwork topologytopology:: wayway ofof connectionconnection networknetwork topologytopology
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neuronsneurons areare arrangedarranged intointo layerslayers
outputoutput ofof nn thth layerlayer areare leadlead toto eacheach neuronneuron inin layerlayer nn ++ 11
neuronsneurons areare arrangedarranged intointo layerslayers
outputoutput ofof nn thth layerlayer areare leadlead toto eacheach neuronneuron inin layerlayer nn ++ 11

hidden neuron layershidden neuron layers

outputoutput ofof nn--thth layerlayer areare leadlead toto eacheach neuronneuron inin layerlayer nn ++ 11

firstfirst,, inputinput layerlayer –– insertsinserts valuesvalues forfor processingprocessing
lastlast,, outputoutput layerlayer –– responseresponse valuesvalues ofof wholewhole ANNANN duedue toto changechange ofof inputinput

outputoutput ofof nn--thth layerlayer areare leadlead toto eacheach neuronneuron inin layerlayer nn ++ 11

firstfirst,, inputinput layerlayer –– insertsinserts valuesvalues forfor processingprocessing
lastlast,, outputoutput layerlayer –– responseresponse valuesvalues ofof wholewhole ANNANN duedue toto changechange ofof inputinputlastlast,, outputoutput layerlayer responseresponse valuesvalues ofof wholewhole ANNANN duedue toto changechange ofof inputinput
parameterparameter conditionsconditions

numbernumber ofof neuronsneurons inin inputinput andand outputoutput layerslayers areare givengiven byby numbernumber ofof inputinput andand

lastlast,, outputoutput layerlayer responseresponse valuesvalues ofof wholewhole ANNANN duedue toto changechange ofof inputinput
parameterparameter conditionsconditions

numbernumber ofof neuronsneurons inin inputinput andand outputoutput layerslayers areare givengiven byby numbernumber ofof inputinput andand
outputoutput variablesvariables

innerinner,, hiddenhidden layerslayers –– dependsdepends onon complexitycomplexity ofof approximatedapproximated functionfunction

outputoutput variablesvariables

innerinner,, hiddenhidden layerslayers –– dependsdepends onon complexitycomplexity ofof approximatedapproximated functionfunction 105105105105



RMSRMS

connectionconnection betweenbetween neuronsneurons

representedrepresented byby rationalrational numbernumber –– connectionconnection weightweight ((ww ))

connectionconnection betweenbetween neuronsneurons

representedrepresented byby rationalrational numbernumber –– connectionconnection weightweight ((ww ))

hidden neuron numberhidden neuron number

pp yy gg (( ))

predictionprediction learninglearning ofof outputoutput valuesvalues withwith minimalminimal errorerror ofof valuesvalues predictedpredicted
byby ANNANN comparingcomparing toto experimentalexperimental valuesvalues –– repeatedrepeated settingsetting upup ofof numericnumeric

pp yy gg (( ))

predictionprediction learninglearning ofof outputoutput valuesvalues withwith minimalminimal errorerror ofof valuesvalues predictedpredicted
byby ANNANN comparingcomparing toto experimentalexperimental valuesvalues –– repeatedrepeated settingsetting upup ofof numericnumericbyby ANNANN comparingcomparing toto experimentalexperimental valuesvalues repeatedrepeated settingsetting upup ofof numericnumeric
inputsinputs ofof transformationtransformation functionfunction andand monitoringmonitoring ofof outputsoutputs intointo functionalfunctional (real)(real)
valuevalue

byby ANNANN comparingcomparing toto experimentalexperimental valuesvalues repeatedrepeated settingsetting upup ofof numericnumeric
inputsinputs ofof transformationtransformation functionfunction andand monitoringmonitoring ofof outputsoutputs intointo functionalfunctional (real)(real)
valuevalue

errorerror –– totaltotal sumsum ofof squaressquares (TSS)(TSS)
sumsum ofof squaressquares ofof differencesdifferences ofof predictedpredicted andand inputinput valuesvalues
errorerror –– totaltotal sumsum ofof squaressquares (TSS)(TSS)
sumsum ofof squaressquares ofof differencesdifferences ofof predictedpredicted andand inputinput valuesvalues

nn

TSSTSS = = ΣΣ ((zzii –– OUTOUTii))
22

i=1i=1

nn

TSSTSS = = ΣΣ ((zzii –– OUTOUTii))
22

i=1i=1

zzii –– outputoutput variablevariable valuevalue zz forfor givengiven triadtriad ((x,x, y,y, zz ),), OUTOUTii –– itsits predictedpredicted
(output)(output) value,value, nn –– numbernumber ofof elementselements inin trainingtraining setset
zzii –– outputoutput variablevariable valuevalue zz forfor givengiven triadtriad ((x,x, y,y, zz ),), OUTOUTii –– itsits predictedpredicted
(output)(output) value,value, nn –– numbernumber ofof elementselements inin trainingtraining setset

106106106106



eacheach neuronneuron (except(except forfor output)output) sumssums valuesvalues fromfrom previousprevious layerlayer andand multipliesmultiplies
themthem byby connectionconnection weightweight ww ::
eacheach neuronneuron (except(except forfor output)output) sumssums valuesvalues fromfrom previousprevious layerlayer andand multipliesmultiplies
themthem byby connectionconnection weightweight ww ::

NETNETjj = = ΣΣ ((INPINPii * * wwii ) +) +BIASBIASiiNETNETjj = = ΣΣ ((INPINPii * * wwii ) +) +BIASBIASii
iiii

INPINPii –– inputinput value,value, wwii –– respectiverespective weightweight valuevalue andand BIASBIASii –– biasbias value,value,
whichwhich isis soso--calledcalled biasbias parameterparameter andand isis necessarynecessary forfor correctcorrect setset--upup ofof neuronneuron
valuevalue NETNETjj andand forfor wholewhole outputoutput ofof networknetwork

INPINPii –– inputinput value,value, wwii –– respectiverespective weightweight valuevalue andand BIASBIASii –– biasbias value,value,
whichwhich isis soso--calledcalled biasbias parameterparameter andand isis necessarynecessary forfor correctcorrect setset--upup ofof neuronneuron
valuevalue NETNETjj andand forfor wholewhole outputoutput ofof networknetworkvaluevalue NETNETjj andand forfor wholewhole outputoutput ofof networknetwork

NETNETjj –– neuronneuron jj inin neuralneural networknetwork

valuevalue NETNETjj andand forfor wholewhole outputoutput ofof networknetwork

NETNETjj –– neuronneuron jj inin neuralneural networknetwork

OUTOUTii –– transformationtransformation ofof NETNETjj (output)(output) sumsum

OUTOUT = 1 / ( 1 + e= 1 / ( 1 + e ––NETNET ))

OUTOUTii –– transformationtransformation ofof NETNETjj (output)(output) sumsum

OUTOUT = 1 / ( 1 + e= 1 / ( 1 + e ––NETNET ))jjjjOUTOUTii = 1 / ( 1 + e = 1 / ( 1 + e NETNET ) ) OUTOUTii = 1 / ( 1 + e = 1 / ( 1 + e NETNET ) ) jjjj

set training/learning set training/learning –– nn set of parameter given by experimental designset of parameter given by experimental design
testing testing –– at least 3 sets of parameters inside of plan bordersat least 3 sets of parameters inside of plan borders

set training/learning set training/learning –– nn set of parameter given by experimental designset of parameter given by experimental design
testing testing –– at least 3 sets of parameters inside of plan bordersat least 3 sets of parameters inside of plan bordersgg p pp p
verification verification –– at least 3 sets of parameters inside set bordersat least 3 sets of parameters inside set borders

(also borders them(also borders them--selves)selves)

gg p pp p
verification verification –– at least 3 sets of parameters inside set bordersat least 3 sets of parameters inside set borders

(also borders them(also borders them--selves)selves)
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V.V.V.V.
analytical kitsanalytical kits
i l b t di ii l b t di i
analytical kitsanalytical kits
i l b t di ii l b t di iin laboratory medicinein laboratory medicinein laboratory medicinein laboratory medicine

analytical kitsanalytical kitsanalytical kitsanalytical kits

beforebefore 19601960 –– analyticalanalytical agentsagents preparedprepared inin clinicalclinical laboratorieslaboratoriesbeforebefore 19601960 –– analyticalanalytical agentsagents preparedprepared inin clinicalclinical laboratorieslaboratories

a a yt ca tsa a yt ca tsa a yt ca tsa a yt ca ts

todaytoday –– analyticalanalytical agentsagents inin formsforms ofof microchipsmicrochips designeddesigned forfor specialspecial analyticalanalytical
instrumentsinstruments couldcould notnot bebe preparedprepared atat allall inin laboratorylaboratory
todaytoday –– analyticalanalytical agentsagents inin formsforms ofof microchipsmicrochips designeddesigned forfor specialspecial analyticalanalytical
instrumentsinstruments couldcould notnot bebe preparedprepared atat allall inin laboratorylaboratory

requirements for analytical kitrequirements for analytical kitrequirements for analytical kitrequirements for analytical kit

readyready--forfor--useusereadyready--forfor--useuse

singlesingle--stepstep methodmethod oneone workingworking solutionsolutionsinglesingle--stepstep methodmethod oneone workingworking solutionsolutionsinglesingle--stepstep methodmethod –– oneone workingworking solutionsolutionsinglesingle--stepstep methodmethod –– oneone workingworking solutionsolution

twotwo--stepstep methodmethod –– twotwo workingworking solutionssolutions;; enzymaticenzymatic assaysassaystwotwo--stepstep methodmethod –– twotwo workingworking solutionssolutions;; enzymaticenzymatic assaysassays

stabilestabile atat leastleast 1212,, butbut preferablypreferably 2424 monthsmonths
:: individualindividual agentagent afterafter openingopening atat 22 –– 88 °°CC stabilestabile forfor aa weekweek
stabilestabile atat leastleast 1212,, butbut preferablypreferably 2424 monthsmonths
:: individualindividual agentagent afterafter openingopening atat 22 –– 88 °°CC stabilestabile forfor aa weekweek

108108108108



fastfast analysisanalysis methodmethod –– signal,signal, mostmost commonlycommonly absorbance,absorbance, untiluntil 55 min,min,
kinetickinetic measurementmeasurement inin intervalinterval ofof 1010 ss atat maximummaximum
fastfast analysisanalysis methodmethod –– signal,signal, mostmost commonlycommonly absorbance,absorbance, untiluntil 55 min,min,
kinetickinetic measurementmeasurement inin intervalinterval ofof 1010 ss atat maximummaximumkinetickinetic measurementmeasurement inin intervalinterval ofof 1010 ss atat maximummaximum

methodmethod withoutwithout samplesample prepre--treatmenttreatment –– deproteination,deproteination, mineralisation,mineralisation,
prepre--concentrationconcentration ofof analyteanalyte etcetc

kinetickinetic measurementmeasurement inin intervalinterval ofof 1010 ss atat maximummaximum

methodmethod withoutwithout samplesample prepre--treatmenttreatment –– deproteination,deproteination, mineralisation,mineralisation,
prepre--concentrationconcentration ofof analyteanalyte etcetcprepre concentrationconcentration ofof analyteanalyte etcetc..prepre concentrationconcentration ofof analyteanalyte etcetc..

analytical kit makeanalytical kit make--upupanalytical kit makeanalytical kit make--upup

manufacturingmanufacturing procedureprocedure –– technologicaltechnological regulationsregulations
:: descriptiondescription ofof allall manufacturing,manufacturing, checkingchecking andand otherother operationoperation inin aa formform ofof
standardstandard operationoperation procedureprocedure

manufacturingmanufacturing procedureprocedure –– technologicaltechnological regulationsregulations
:: descriptiondescription ofof allall manufacturing,manufacturing, checkingchecking andand otherother operationoperation inin aa formform ofof
standardstandard operationoperation procedureprocedurepp pp

analyticalanalytical kitskits manufacturingmanufacturing isis organisedorganised likelike pharmaceuticalspharmaceuticals manufacturingmanufacturing

pp pp

analyticalanalytical kitskits manufacturingmanufacturing isis organisedorganised likelike pharmaceuticalspharmaceuticals manufacturingmanufacturing

liquidliquid agentsagentsliquidliquid agentsagentsliquidliquid agentsagents
preparationpreparation:: weighingweighing (including(including waterwater;; moremore precise)precise)
vesselsvessels:: glassglass oror plastic,plastic, volumevolume 1010 toto 200200 mlml

liquidliquid agentsagents
preparationpreparation:: weighingweighing (including(including waterwater;; moremore precise)precise)
vesselsvessels:: glassglass oror plastic,plastic, volumevolume 1010 toto 200200 mlml

stabilestabile –– nonnon--corrodible,corrodible, nonnon--underflowing,underflowing, gasgas nonnon--permeablepermeable (oxidation,(oxidation,
outflowoutflow ofof shieldingshielding inertinert gas)gas)
:: lowlow--pressurepressure PE,PE, PP,PP, PETPET (polypropyleneterephtalate)(polypropyleneterephtalate) etcetc..

stabilestabile –– nonnon--corrodible,corrodible, nonnon--underflowing,underflowing, gasgas nonnon--permeablepermeable (oxidation,(oxidation,
outflowoutflow ofof shieldingshielding inertinert gas)gas)
:: lowlow--pressurepressure PE,PE, PP,PP, PETPET (polypropyleneterephtalate)(polypropyleneterephtalate) etcetc..

fillingfilling:: inertinert gasgas washing,washing, pumppump dosing,dosing, bacterialbacterial filtersfilters (microfiltration),(microfiltration),
labellinglabelling (bar(bar code)code)
fillingfilling:: inertinert gasgas washing,washing, pumppump dosing,dosing, bacterialbacterial filtersfilters (microfiltration),(microfiltration),
labellinglabelling (bar(bar code)code)

pp ,, ,, (p yp py p )(p yp py p )pp ,, ,, (p yp py p )(p yp py p )
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solid agentssolid agentssolid agentssolid agents

preparationpreparation:: weighingweighing thethe solidsolid intointo container,container, solidsolid mixturemixture isis tablettedtabletted andandpreparationpreparation:: weighingweighing thethe solidsolid intointo container,container, solidsolid mixturemixture isis tablettedtabletted andand
tabletstablets areare sealedsealed (blister)(blister)
:: mills,mills, mixingmixing andand homogenisinghomogenising equipment,equipment, tablettingtabletting press,press, granulatorsgranulators;;
underunder lowlow airair humidityhumidity (<(< 2020 %%))

tabletstablets areare sealedsealed (blister)(blister)
:: mills,mills, mixingmixing andand homogenisinghomogenising equipment,equipment, tablettingtabletting press,press, granulatorsgranulators;;
underunder lowlow airair humidityhumidity (<(< 2020 %%))yy (( ))yy (( ))

sensitivesensitive agentsagents (enzymes,(enzymes, proteins)proteins) –– lyophilisateslyophilisates
:: lyophilisationlyophilisation ((freezefreeze dryingdrying,, freezefreeze sublimation)sublimation) –– removalremoval ofof waterwater byby

bli tibli ti ii dd ff ff tt l til ti ff d td t tt

sensitivesensitive agentsagents (enzymes,(enzymes, proteins)proteins) –– lyophilisateslyophilisates
:: lyophilisationlyophilisation ((freezefreeze dryingdrying,, freezefreeze sublimation)sublimation) –– removalremoval ofof waterwater byby

bli tibli ti ii dd ff ff tt l til ti ff d td t ttsublimationsublimation inin deepdeep vacuumvacuum fromfrom frozenfrozen waterwater solutionsolution ofof productproduct;; waterwater
condensatescondensates inin cooler,cooler, whichwhich hashas muchmuch lowerlower temperaturetemperature comparingcomparing toto
productproduct (higher(higher temperaturetemperature gradient)gradient)

sublimationsublimation inin deepdeep vacuumvacuum fromfrom frozenfrozen waterwater solutionsolution ofof productproduct;; waterwater
condensatescondensates inin cooler,cooler, whichwhich hashas muchmuch lowerlower temperaturetemperature comparingcomparing toto
productproduct (higher(higher temperaturetemperature gradient)gradient)

lyophilisationlyophilisation damperdamper –– substancessubstances allowingallowing moremore easiereasier processprocess (proteins,(proteins,
cellulosecellulose derivativesderivatives etcetc..))
lyophilisationlyophilisation damperdamper –– substancessubstances allowingallowing moremore easiereasier processprocess (proteins,(proteins,
cellulosecellulose derivativesderivatives etcetc..))

l il i

photochemicalphotochemical
PET laminatePET laminate
adhesiveadhesive
reactive zonereactive zone
carrier (PC)carrier (PC)

kikitt completioncompletion
:: semisemi--automatic,automatic, onon beltbelt
kikitt completioncompletion
:: semisemi--automatic,automatic, onon beltbelt

conductive inkconductive ink
reactive zonereactive zone
carrier (PET)carrier (PET)

elect ochemicalelect ochemical
outerouter containercontainer –– finalfinal labellabel
storagestorage:: atat roomroom temperaturetemperature oror inin coldcold--boxesboxes
outerouter containercontainer –– finalfinal labellabel
storagestorage:: atat roomroom temperaturetemperature oror inin coldcold--boxesboxes

electrochemicalelectrochemical
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kits for dry chemistrykits for dry chemistrykits for dry chemistrykits for dry chemistry

diagnostic stripdiagnostic stripdiagnostic stripdiagnostic strip
reactionreaction zonezone –– onon plasticplastic stripstrip
impregnationimpregnation:: concentrated,concentrated, liquidliquid analyticalanalytical agentagent soakedsoaked inin absorptiveabsorptive
materialmaterial;; fixationfixation builtbuilt--upup plasticplastic netnet

reactionreaction zonezone –– onon plasticplastic stripstrip
impregnationimpregnation:: concentrated,concentrated, liquidliquid analyticalanalytical agentagent soakedsoaked inin absorptiveabsorptive
materialmaterial;; fixationfixation builtbuilt--upup plasticplastic netnetmaterialmaterial;; fixationfixation builtbuilt upup plasticplastic netnet

absorptiveabsorptive supportsupport –– defineddefined propertiesproperties ((grammagegrammage,, ii..ee.. massmass inin g/mg/m22 andand
absorptivityabsorptivity forfor liquids)liquids) ⇒⇒ soakssoaks anyany timetime almostalmost thethe samesame amountamount ofof samplesample

materialmaterial;; fixationfixation builtbuilt upup plasticplastic netnet

absorptiveabsorptive supportsupport –– defineddefined propertiesproperties ((grammagegrammage,, ii..ee.. massmass inin g/mg/m22 andand
absorptivityabsorptivity forfor liquids)liquids) ⇒⇒ soakssoaks anyany timetime almostalmost thethe samesame amountamount ofof samplesample

storage: storage: drier (silikagel/molecular sieve)drier (silikagel/molecular sieve)storage: storage: drier (silikagel/molecular sieve)drier (silikagel/molecular sieve)

content of analytical kitcontent of analytical kitcontent of analytical kitcontent of analytical kitcontent of analytical kitcontent of analytical kitcontent of analytical kitcontent of analytical kit

namename ofof thethe kitkit
:: analyteanalyte;; analysisanalysis principleprinciple
namename ofof thethe kitkit
:: analyteanalyte;; analysisanalysis principleprincipleyy ;; yy p pp p
:: storagestorage condition,condition, expirationexpiration period,period, numbernumber ofof analysesanalyses
:: informationinformation onon poisons,poisons, inflammablesinflammables andand corrosivescorrosives

yy ;; yy p pp p
:: storagestorage condition,condition, expirationexpiration period,period, numbernumber ofof analysesanalyses
:: informationinformation onon poisons,poisons, inflammablesinflammables andand corrosivescorrosives
manualmanualmanualmanualmanualmanual
:: kitkit principleprinciple (with(with chemicalchemical equations),equations), referencesreferences (lit(lit.. andand patentpatent..),), agentagent
compositions,compositions, reaction/incubationreaction/incubation mixturemixture composition,composition, procedureprocedure ofof theirtheir
preparationpreparation storagestorage andand stabilitystability

manualmanual
:: kitkit principleprinciple (with(with chemicalchemical equations),equations), referencesreferences (lit(lit.. andand patentpatent..),), agentagent
compositions,compositions, reaction/incubationreaction/incubation mixturemixture composition,composition, procedureprocedure ofof theirtheir
preparationpreparation storagestorage andand stabilitystabilitypreparation,preparation, storagestorage andand stabilitystability
:: analyteanalyte referencereference values,values, workwork--flowflow scheme,scheme, recommendedrecommended calibrationcalibration andand
controlcontrol materials,materials, notesnotes onon sample,sample, securitysecurity notesnotes

preparation,preparation, storagestorage andand stabilitystability
:: analyteanalyte referencereference values,values, workwork--flowflow scheme,scheme, recommendedrecommended calibrationcalibration andand
controlcontrol materials,materials, notesnotes onon sample,sample, securitysecurity notesnotes 111111111111



contentcontent ofof analyteanalyte inin samplesamplecontentcontent ofof analyteanalyte inin samplesample
analytical resultsanalytical results
how to express themhow to express them
analytical resultsanalytical results
how to express themhow to express themcontentcontent ofof analyteanalyte inin samplesample

originallyoriginally:: weight,weight, activityactivity perper volumevolume (in(in biologicalbiological fluid)fluid)
dd /dl/dl ll tt (( %%)) dd illiilli tt (( %%))

contentcontent ofof analyteanalyte inin samplesample

originallyoriginally:: weight,weight, activityactivity perper volumevolume (in(in biologicalbiological fluid)fluid)
dd /dl/dl ll tt (( %%)) dd illiilli tt (( %%))

how to express themhow to express themhow to express themhow to express them

gg andand mg/dl,mg/dl, alsoalso gramgram percentspercents (g(g%%)) andand milligrammilligram percentspercents (mg(mg%%))gg andand mg/dl,mg/dl, alsoalso gramgram percentspercents (g(g%%)) andand milligrammilligram percentspercents (mg(mg%%))
19771977:: SISI systemsystem
weightweight (g,(g, mg)mg) ⇒⇒ molarmolar amountamount (mol)(mol)
19771977:: SISI systemsystem
weightweight (g,(g, mg)mg) ⇒⇒ molarmolar amountamount (mol)(mol)
concentrationconcentration –– mol/lmol/l (analyte(analyte withwith defineddefined molecularmolecular weight)weight)

enzymesenzymes:: concentrationconcentration ofof catalyticcatalytic activityactivity insteadinstead ofof enzymeenzyme concentrationconcentration

concentrationconcentration –– mol/lmol/l (analyte(analyte withwith defineddefined molecularmolecular weight)weight)

enzymesenzymes:: concentrationconcentration ofof catalyticcatalytic activityactivity insteadinstead ofof enzymeenzyme concentrationconcentrationyy yy yy yy

catalyticcatalytic activityactivity 11 katalkatal –– enzymeenzyme amount,amount, whichwhich proceedsproceeds 11 molmol ofof
substratesubstrate inin 11 ss underunder defineddefined reactionreaction conditionsconditions

yy yy yy yy

catalyticcatalytic activityactivity 11 katalkatal –– enzymeenzyme amount,amount, whichwhich proceedsproceeds 11 molmol ofof
substratesubstrate inin 11 ss underunder defineddefined reactionreaction conditionsconditions

concentrationconcentration ofof catalyticcatalytic activityactivity –– catalyticcatalytic activityactivity relatedrelated toto volumevolume
contentcontent ofof catalyticcatalytic activityactivity –– catalyticcatalytic activityactivity relatedrelated toto weightweight
concentrationconcentration ofof catalyticcatalytic activityactivity –– catalyticcatalytic activityactivity relatedrelated toto volumevolume
contentcontent ofof catalyticcatalytic activityactivity –– catalyticcatalytic activityactivity relatedrelated toto weightweight

internationalinternational unitunit UU ((IUIU)) –– enzymeenzyme amount,amount, whichwhich proceedsproceeds inin 11 minmin 11 μμmolmol
ofof substratesubstrate underunder givengiven conditionsconditions
internationalinternational unitunit UU ((IUIU)) –– enzymeenzyme amount,amount, whichwhich proceedsproceeds inin 11 minmin 11 μμmolmol
ofof substratesubstrate underunder givengiven conditionsconditionsofof substratesubstrate underunder givengiven conditionsconditionsofof substratesubstrate underunder givengiven conditionsconditions

1 U = 1 μmol/min1 U = 1 μmol/min = 16.67 nmol/s = 16.67 nkat = 16.67 nmol/s = 16.67 nkat 1 U = 1 μmol/min1 U = 1 μmol/min = 16.67 nmol/s = 16.67 nkat = 16.67 nmol/s = 16.67 nkat 
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enzyme/proteinenzyme/protein massmass concentrationconcentration
:: analysesanalyses inin immunodiagnosticsimmunodiagnostics andand withinwithin enzymeenzyme CKCK
enzyme/proteinenzyme/protein massmass concentrationconcentration
:: analysesanalyses inin immunodiagnosticsimmunodiagnostics andand withinwithin enzymeenzyme CKCK:: analysesanalyses inin immunodiagnosticsimmunodiagnostics andand withinwithin enzymeenzyme CKCK
:::: concentrationconcentration isis expressedexpressed inin mgmg oror μgμg ofof protein/lprotein/l

:: analysesanalyses inin immunodiagnosticsimmunodiagnostics andand withinwithin enzymeenzyme CKCK
:::: concentrationconcentration isis expressedexpressed inin mgmg oror μgμg ofof protein/lprotein/l

numbernumber ofof elementselements inin biologicalbiological fluidsfluids (cells(cells particlesparticles differentdifferent objects)objects)numbernumber ofof elementselements inin biologicalbiological fluidsfluids (cells(cells particlesparticles differentdifferent objects)objects)numbernumber ofof elementselements inin biologicalbiological fluidsfluids (cells,(cells, particles,particles, differentdifferent objects)objects)
:::: numericalnumerical concentration,concentration, ii..ee.. particleparticle countcount inin litrelitre

urinalurinal sedimentsediment arbitraryarbitrary numericalnumerical concentrationconcentration (arbitrary(arbitrary unit)unit)

numbernumber ofof elementselements inin biologicalbiological fluidsfluids (cells,(cells, particles,particles, differentdifferent objects)objects)
:::: numericalnumerical concentration,concentration, ii..ee.. particleparticle countcount inin litrelitre

urinalurinal sedimentsediment arbitraryarbitrary numericalnumerical concentrationconcentration (arbitrary(arbitrary unit)unit)urinalurinal sedimentsediment –– arbitraryarbitrary numericalnumerical concentrationconcentration (arbitrary(arbitrary unit)unit)
:: simplificationsimplification ofof particleparticle (elements)(elements) countcount expressionexpression perper defineddefined (agreed)(agreed)
volumevolume

urinalurinal sedimentsediment –– arbitraryarbitrary numericalnumerical concentrationconcentration (arbitrary(arbitrary unit)unit)
:: simplificationsimplification ofof particleparticle (elements)(elements) countcount expressionexpression perper defineddefined (agreed)(agreed)
volumevolume

afterafter urineurine centrifugation,centrifugation, individualindividual elementelement countscounts areare readread inin fieldfield ofof
microscopemicroscope visionvision inin countingcounting cellcell ofof defineddefined volumevolume (Bürker(Bürker cell)cell)
afterafter urineurine centrifugation,centrifugation, individualindividual elementelement countscounts areare readread inin fieldfield ofof
microscopemicroscope visionvision inin countingcounting cellcell ofof defineddefined volumevolume (Bürker(Bürker cell)cell)

otherother useuse:: analysesanalyses ofof otherother teststests inin urineurine (e(e..gg.. proteinprotein test),test), inin cerebrospinalcerebrospinal
liquor,liquor, inin faecesfaeces (iron(iron content)content)
otherother useuse:: analysesanalyses ofof otherother teststests inin urineurine (e(e..gg.. proteinprotein test),test), inin cerebrospinalcerebrospinal
liquor,liquor, inin faecesfaeces (iron(iron content)content)q ,q , (( ))

IFCCIFCC andand IUPACIUPAC:: abbreviationabbreviation systemsystem forfor expressionexpression ofof analyticalanalytical resultsresults forfor
samplesample typestypes outout ofof SISI frameframe

q ,q , (( ))

IFCCIFCC andand IUPACIUPAC:: abbreviationabbreviation systemsystem forfor expressionexpression ofof analyticalanalytical resultsresults forfor
samplesample typestypes outout ofof SISI frameframesamplesample typestypes outout ofof SISI frameframesamplesample typestypes outout ofof SISI frameframe
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analysis result interpretationanalysis result interpretationanalysis result interpretationanalysis result interpretation

analyteanalyte –– partpart ofof sample,sample, whichwhich wewe determinedetermine ((creatininecreatinine inin serumserum ))
:: determinationdetermination withwith certaincertain precisionprecision dependingdepending onon content,content, stability,stability,
d i id i i h dh d

analyteanalyte –– partpart ofof sample,sample, whichwhich wewe determinedetermine ((creatininecreatinine inin serumserum ))
:: determinationdetermination withwith certaincertain precisionprecision dependingdepending onon content,content, stability,stability,
d i id i i h dh ddeterminationdetermination methodmethod etcetc..

analyticalanalytical method/approachmethod/approach –– analyteanalyte determinationdetermination methodmethod ((JafféJaffé
reactionreaction withwith picricpicric acidacid inin alkalialkali mediamedia ))

determinationdetermination methodmethod etcetc..

analyticalanalytical method/approachmethod/approach –– analyteanalyte determinationdetermination methodmethod ((JafféJaffé
reactionreaction withwith picricpicric acidacid inin alkalialkali mediamedia ))reactionreaction withwith picricpicric acidacid inin alkalialkali mediamedia ))

analysisanalysis resultresult –– valuevalue inin regardregard toto diagnosisdiagnosis ((creatininecreatinine clearanceclearance))

t tt t f tif ti t t dt t d t tt t ii dd tt di idi i (( l ll l filt tifilt ti ))

reactionreaction withwith picricpicric acidacid inin alkalialkali mediamedia ))

analysisanalysis resultresult –– valuevalue inin regardregard toto diagnosisdiagnosis ((creatininecreatinine clearanceclearance))

t tt t f tif ti t t dt t d t tt t ii dd tt di idi i (( l ll l filt tifilt ti ))testtest onon functionfunction –– testedtested statestate inin regardregard toto diagnosisdiagnosis ((glomerularglomerular filtrationfiltration))

indexindex –– diagnosticdiagnostic ratiosratios ofof analyteanalyte contentscontents

testtest onon functionfunction –– testedtested statestate inin regardregard toto diagnosisdiagnosis ((glomerularglomerular filtrationfiltration))

indexindex –– diagnosticdiagnostic ratiosratios ofof analyteanalyte contentscontents

analyticalanalytical variabilityvariability –– preanalyticalpreanalytical andand alsoalso analyticalanalytical phasephase

biologicalbiological variabilityvariability (BV)(BV) ofof populationpopulation –– complexcomplex characteristicscharacteristics ofof

analyticalanalytical variabilityvariability –– preanalyticalpreanalytical andand alsoalso analyticalanalytical phasephase

biologicalbiological variabilityvariability (BV)(BV) ofof populationpopulation –– complexcomplex characteristicscharacteristics ofofgg yy ( )( ) p pp p pp
variabilityvariability ofof biochemicalbiochemical testtest resultsresults;; sumsum ofof intraintra-- andand interinter--individualindividual
variabilitiesvariabilities

ii ffff ff (( ))

gg yy ( )( ) p pp p pp
variabilityvariability ofof biochemicalbiochemical testtest resultsresults;; sumsum ofof intraintra-- andand interinter--individualindividual
variabilitiesvariabilities

ii ffff ff (( ))expressionexpression:: coefficientcoefficient ofof variationvariation inin perper centscents ((CVCV ))

estimationestimation:: analyticalanalytical approaches,approaches, whichwhich havehave CVCV << caca 11//33 BVBV intervalinterval

expressionexpression:: coefficientcoefficient ofof variationvariation inin perper centscents ((CVCV ))

estimationestimation:: analyticalanalytical approaches,approaches, whichwhich havehave CVCV << caca 11//33 BVBV intervalinterval 114114114114



agreedagreed deviationdeviation fromfrom analyteanalyte targettarget valuevalue ((TVTV)) –– insteadinstead ofof BVBV

targettarget valuevalue :: averageaverage valuevalue ofof allall resultresult inin aa setset afterafter theirtheir recordingrecording

agreedagreed deviationdeviation fromfrom analyteanalyte targettarget valuevalue ((TVTV)) –– insteadinstead ofof BVBV

targettarget valuevalue :: averageaverage valuevalue ofof allall resultresult inin aa setset afterafter theirtheir recordingrecording
:: averageaverage estimatedestimated byby definitivedefinitive oror referencereference method,method, inin cases,cases,

whenwhen definitivedefinitive neitherneither referencereference methodmethod areare notnot yetyet established,established, comparativecomparative
methodmethod maymay bebe usedused

:: averageaverage estimatedestimated byby definitivedefinitive oror referencereference method,method, inin cases,cases,
whenwhen definitivedefinitive neitherneither referencereference methodmethod areare notnot yetyet established,established, comparativecomparative
methodmethod maymay bebe usedusedyyyy

relationshiprelationship betweenbetween analyticalanalytical resultresult andand patientpatient statestaterelationshiprelationship betweenbetween analyticalanalytical resultresult andand patientpatient statestate

healthyhealthy (normal)(normal) oror he/shehe/she hashas analyteanalyte valuesvalues deviateddeviated (pathologic)(pathologic)

forfor commoncommon analytesanalytes therethere areare soso--calledcalled referencereference valuesvalues (formerly(formerly normalnormal

healthyhealthy (normal)(normal) oror he/shehe/she hashas analyteanalyte valuesvalues deviateddeviated (pathologic)(pathologic)

forfor commoncommon analytesanalytes therethere areare soso--calledcalled referencereference valuesvalues (formerly(formerly normalnormalyy ( y( y
oror physiologicphysiologic value)value)

yy ( y( y
oror physiologicphysiologic value)value)

:: referencereference valuesvalues ofof referencereference individualindividual –– donordonor
:: referencereference groupsgroups
:: referencereference populationpopulation

:: referencereference valuesvalues ofof referencereference individualindividual –– donordonor
:: referencereference groupsgroups
:: referencereference populationpopulation

menmenwomenwomen

co
u

n
t

co
u

n
t

:: referencereference populationpopulation

i ii i ll ll ff hh l ifi dl ifi d h lthh lth

:: referencereference populationpopulation

i ii i ll ll ff hh l ifi dl ifi d h lthh lth

ALP activityALP activity

acquiringacquiring:: samplesample analysesanalyses ofof persons,persons, whowho areare classifiedclassified asas healthyhealthy
referencereference (physiologic)(physiologic) intervalinterval –– laboratorylaboratory testtest values,values, betweenbetween whichwhich lielie
majoritymajority ofof thethe valuesvalues obtainedobtained byby referencereference populationpopulation measurementsmeasurements

acquiringacquiring:: samplesample analysesanalyses ofof persons,persons, whowho areare classifiedclassified asas healthyhealthy
referencereference (physiologic)(physiologic) intervalinterval –– laboratorylaboratory testtest values,values, betweenbetween whichwhich lielie
majoritymajority ofof thethe valuesvalues obtainedobtained byby referencereference populationpopulation measurementsmeasurements 115115115115



analytic setanalytic setanalytic setanalytic set

functionalfunctional setssets ofof individualindividual analyticalanalytical methodsmethods

clinicoclinico--biochemicbiochemic queriesqueries ofof medicsmedics

functionalfunctional setssets ofof individualindividual analyticalanalytical methodsmethods

clinicoclinico--biochemicbiochemic queriesqueries ofof medicsmedicsqq
:: liverliver set,set, setset forfor fatfat metabolism,metabolism, setset forfor glucoseglucose tolerancetolerance disruptiondisruption etcetc..))

otherother reasonsreasons –– organisation,organisation, security,security, economyeconomy

qq
:: liverliver set,set, setset forfor fatfat metabolism,metabolism, setset forfor glucoseglucose tolerancetolerance disruptiondisruption etcetc..))

otherother reasonsreasons –– organisation,organisation, security,security, economyeconomy

acuteacute (statim)(statim) analysisanalysis
d i id i i ff ff ll iblibl dd
acuteacute (statim)(statim) analysisanalysis
d i id i i ff ff ll iblibl dddeterminationdetermination ofof oneone oror groupgroup ofof analytesanalytes asas soonsoon asas possiblepossible andand nonnon--stopstop

glucoseglucose (diabetes),(diabetes), creatininecreatinine oror ureaurea (kidneys),(kidneys), bilirubinbilirubin andand aminotransferaseaminotransferase
ALTALT (liver(liver tests)tests) creatinecreatine kinasekinase andand troponintroponin (heart)(heart) αα--amylaseamylase oror lipaselipase

determinationdetermination ofof oneone oror groupgroup ofof analytesanalytes asas soonsoon asas possiblepossible andand nonnon--stopstop

glucoseglucose (diabetes),(diabetes), creatininecreatinine oror ureaurea (kidneys),(kidneys), bilirubinbilirubin andand aminotransferaseaminotransferase
ALTALT (liver(liver tests)tests) creatinecreatine kinasekinase andand troponintroponin (heart)(heart) αα--amylaseamylase oror lipaselipaseALTALT (liver(liver tests),tests), creatinecreatine kinasekinase andand troponintroponin (heart),(heart), αα--amylaseamylase oror lipaselipase
(pancreas),(pancreas), acidoacido--basicbasic bloodblood equilibrium,equilibrium, basicbasic toxicologicaltoxicological teststests andand basicbasic
urineurine teststests

ALTALT (liver(liver tests),tests), creatinecreatine kinasekinase andand troponintroponin (heart),(heart), αα--amylaseamylase oror lipaselipase
(pancreas),(pancreas), acidoacido--basicbasic bloodblood equilibrium,equilibrium, basicbasic toxicologicaltoxicological teststests andand basicbasic
urineurine teststests

basicbasic biochemicalbiochemical testtest
basicbasic (screening)(screening) teststests onon analytesanalytes characterisingcharacterising functionfunction ofof mainmain bodybody organsorgans
basicbasic biochemicalbiochemical testtest
basicbasic (screening)(screening) teststests onon analytesanalytes characterisingcharacterising functionfunction ofof mainmain bodybody organsorgans

totaltotal protein,protein, bilirubin,bilirubin, creatinine,creatinine, urea,urea, glucose,glucose, cholesterol,cholesterol, uricuric acid,acid, ALP,ALP,
aminotransferasesaminotransferases ALTALT andand AST,AST, eventevent.. GMTGMT oror CKCK
totaltotal protein,protein, bilirubin,bilirubin, creatinine,creatinine, urea,urea, glucose,glucose, cholesterol,cholesterol, uricuric acid,acid, ALP,ALP,
aminotransferasesaminotransferases ALTALT andand AST,AST, eventevent.. GMTGMT oror CKCK
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basicbasic haematologichaematologic teststests
determinationdetermination ofof bloodblood picturepicture
basicbasic haematologichaematologic teststests
determinationdetermination ofof bloodblood picturepicturedeterminationdetermination ofof bloodblood picturepicture

haemoglobin,haemoglobin, erythrocytes,erythrocytes, haematocrit,haematocrit, leukocytes,leukocytes, thrombocytes,thrombocytes,
reticulocytes,reticulocytes, osmoticosmotic resistanceresistance ofof erythrocytes,erythrocytes, basophilicbasophilic granulationgranulation ofof

determinationdetermination ofof bloodblood picturepicture

haemoglobin,haemoglobin, erythrocytes,erythrocytes, haematocrit,haematocrit, leukocytes,leukocytes, thrombocytes,thrombocytes,
reticulocytes,reticulocytes, osmoticosmotic resistanceresistance ofof erythrocytes,erythrocytes, basophilicbasophilic granulationgranulation ofof
erythrocyteserythrocytes etcetc..

organisationorganisation divisiondivision ofof analysesanalyses intointo setssets

erythrocyteserythrocytes etcetc..

organisationorganisation divisiondivision ofof analysesanalyses intointo setssetsgg yy

immunochemicalimmunochemical teststests
immunoelectrophoresisimmunoelectrophoresis

gg yy

immunochemicalimmunochemical teststests
immunoelectrophoresisimmunoelectrophoresisimmunoelectrophoresisimmunoelectrophoresis
serumserum proteins,proteins, αα11--foetoprotein,foetoprotein, immunoglobulinsimmunoglobulins A,A, G,G, M,M, prealbumin,prealbumin, αα11--
antitrypsin,antitrypsin, αα22--macroglobulin,macroglobulin, transferrin,transferrin, caeruloplasmin,caeruloplasmin, CRP,CRP, prostaticprostatic
specificspecific antigenantigen etcetc

immunoelectrophoresisimmunoelectrophoresis
serumserum proteins,proteins, αα11--foetoprotein,foetoprotein, immunoglobulinsimmunoglobulins A,A, G,G, M,M, prealbumin,prealbumin, αα11--
antitrypsin,antitrypsin, αα22--macroglobulin,macroglobulin, transferrin,transferrin, caeruloplasmin,caeruloplasmin, CRP,CRP, prostaticprostatic
specificspecific antigenantigen etcetcspecificspecific antigenantigen etcetc..

radioimmunoanalyticalradioimmunoanalytical teststests
th o ineth o ine t iiodth oninet iiodth onine th ot opinth ot opin l teinisationl teinisation ho moneho mone folliclefollicle stim latingstim lating

specificspecific antigenantigen etcetc..

radioimmunoanalyticalradioimmunoanalytical teststests
th o ineth o ine t iiodth oninet iiodth onine th ot opinth ot opin l teinisationl teinisation ho moneho mone folliclefollicle stim latingstim latingthyroxine,thyroxine, triiodthyronine,triiodthyronine, thyrotropin,thyrotropin, luteinisationluteinisation hormone,hormone, folliclefollicle stimulatingstimulating
hormone,hormone, prolactine,prolactine, choriogonadotropin,choriogonadotropin, estradiol,estradiol, progesteronprogesteron etcetc..
thyroxine,thyroxine, triiodthyronine,triiodthyronine, thyrotropin,thyrotropin, luteinisationluteinisation hormone,hormone, folliclefollicle stimulatingstimulating
hormone,hormone, prolactine,prolactine, choriogonadotropin,choriogonadotropin, estradiol,estradiol, progesteronprogesteron etcetc..

testtest ofof cerebrospinalcerebrospinal liquorliquor
chemicalchemical determinationdetermination ofof analytesanalytes ++ differentdifferent specialspecial teststests
testtest ofof cerebrospinalcerebrospinal liquorliquor
chemicalchemical determinationdetermination ofof analytesanalytes ++ differentdifferent specialspecial teststests
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basicbasic urineurine testtest
pH,pH, nitrites,nitrites, proteins,proteins, glucose,glucose, bilirubin,bilirubin, urobilinogen,urobilinogen, ketoketo--substances,substances,
basicbasic urineurine testtest
pH,pH, nitrites,nitrites, proteins,proteins, glucose,glucose, bilirubin,bilirubin, urobilinogen,urobilinogen, ketoketo--substances,substances,
osmolality,osmolality, erythrocyteserythrocytes andand haemoglobin,haemoglobin, leukocytes,leukocytes, urineurine sedimentationsedimentationosmolality,osmolality, erythrocyteserythrocytes andand haemoglobin,haemoglobin, leukocytes,leukocytes, urineurine sedimentationsedimentation

supplementarysupplementary analysesanalysessupplementarysupplementary analysesanalyses
morphologicmorphologic analysisanalysis ofof urineurine sedimentsediment (epithelial(epithelial cellscells;; granular,granular, wax,wax, cellular,cellular,
erythrocytal,erythrocytal, leukocytal,leukocytal, bilebile castscasts;; pseudopseudo--casts,casts, spermatidsspermatids andand microbesmicrobes
(yeasts,(yeasts, bacteria,bacteria, trichomonades,trichomonades, mould)mould)

morphologicmorphologic analysisanalysis ofof urineurine sedimentsediment (epithelial(epithelial cellscells;; granular,granular, wax,wax, cellular,cellular,
erythrocytal,erythrocytal, leukocytal,leukocytal, bilebile castscasts;; pseudopseudo--casts,casts, spermatidsspermatids andand microbesmicrobes
(yeasts,(yeasts, bacteria,bacteria, trichomonades,trichomonades, mould)mould)(y ,(y , ,, ,, ))(y ,(y , ,, ,, ))

drugdrug monitoringmonitoring
monitoringmonitoring ofof thosethose pharmaceuticalpharmaceutical levels,levels, whichwhich inin higherhigher dosesdoses areare toxictoxic oror
drugdrug monitoringmonitoring
monitoringmonitoring ofof thosethose pharmaceuticalpharmaceutical levels,levels, whichwhich inin higherhigher dosesdoses areare toxictoxic ororgg pp ,, gg
overover--dosedose isis meaning,meaning, oror becausebecause patientspatients maymay havehave lowerlower tolerancetolerance toto themthem

specialspecial analysersanalysers
thth tt it dit d h ti lh ti l di idi i h t ih t i h b bit lh b bit l

gg pp ,, gg
overover--dosedose isis meaning,meaning, oror becausebecause patientspatients maymay havehave lowerlower tolerancetolerance toto themthem

specialspecial analysersanalysers
thth tt it dit d h ti lh ti l di idi i h t ih t i h b bit lh b bit lthethe mostmost monitoredmonitored pharmaceuticalspharmaceuticals –– digoxin,digoxin, phenytoin,phenytoin, phenobarbital,phenobarbital,
valproicvalproic acid,acid, diazepam,diazepam, theophylline,theophylline, gentamicin,gentamicin, tobramicin,tobramicin, methotrexat,methotrexat,
ciclosporinciclosporin etcetc..

thethe mostmost monitoredmonitored pharmaceuticalspharmaceuticals –– digoxin,digoxin, phenytoin,phenytoin, phenobarbital,phenobarbital,
valproicvalproic acid,acid, diazepam,diazepam, theophylline,theophylline, gentamicin,gentamicin, tobramicin,tobramicin, methotrexat,methotrexat,
ciclosporinciclosporin etcetc..

drugsdrugs ofof abuseabuse
instrumentalinstrumental methodmethod (HPLC,(HPLC, GC,GC, MS,MS, CZECZE etcetc..))
drugsdrugs ofof abuseabuse
instrumentalinstrumental methodmethod (HPLC,(HPLC, GC,GC, MS,MS, CZECZE etcetc..))

alcohol,alcohol, amphetamine,amphetamine, barbiturates,barbiturates, benzodiazepines,benzodiazepines, cannabinoids,cannabinoids, cocaine,cocaine,
methadonmethadonee,, opiates,opiates, antidepressives,antidepressives, anabolicanabolic steroidssteroids etcetc..
alcohol,alcohol, amphetamine,amphetamine, barbiturates,barbiturates, benzodiazepines,benzodiazepines, cannabinoids,cannabinoids, cocaine,cocaine,
methadonmethadonee,, opiates,opiates, antidepressives,antidepressives, anabolicanabolic steroidssteroids etcetc..
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selected instrumental analytical methodsselected instrumental analytical methods
in laboratory medicinein laboratory medicine
selected instrumental analytical methodsselected instrumental analytical methods
in laboratory medicinein laboratory medicinein laboratory medicinein laboratory medicinein laboratory medicinein laboratory medicine

spectrometric methodsspectrometric methods

: : UVUV--Vis, Vis, fluorimetryfluorimetry

spectrometric methodsspectrometric methods

: : UVUV--Vis, Vis, fluorimetryfluorimetry,, yy
: : AAS, AESAAS, AES
: : mass spectrometrymass spectrometry

,, yy
: : AAS, AESAAS, AES
: : mass spectrometrymass spectrometry

electrochemicalelectrochemical

:: coulometrycoulometry potentiometrypotentiometry

electrochemicalelectrochemical

:: coulometrycoulometry potentiometrypotentiometry: : coulometrycoulometry, , potentiometrypotentiometry

separation methodsseparation methods

: : coulometrycoulometry, , potentiometrypotentiometry

separation methodsseparation methods

: : chromatographychromatography (liquid, gas)(liquid, gas)
: : electrophoresiselectrophoresis (gel, capillary)(gel, capillary)
: : chromatographychromatography (liquid, gas)(liquid, gas)
: : electrophoresiselectrophoresis (gel, capillary)(gel, capillary)
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high performance liquid chromatography (HPLC)high performance liquid chromatography (HPLC)high performance liquid chromatography (HPLC)high performance liquid chromatography (HPLC)
principleprincipleprincipleprinciple

116116116116

principleprinciple
separationseparation basedbased onon differentdifferent distributiondistribution constantsconstants ofof analytesanalytes inin twotwo--phasephase
systemsystem (solid(solid--liquid)liquid)

principleprinciple
separationseparation basedbased onon differentdifferent distributiondistribution constantsconstants ofof analytesanalytes inin twotwo--phasephase
systemsystem (solid(solid--liquid)liquid)

distributiondistribution ratioratio DD DD == CCSS /C/CMM

CCSS –– analyteanalyte concentrationconcentration onon solidsolid (stat(stat..)) phase,phase, CCMM –– inin liquidliquid (mobile)(mobile) phasephase

distributiondistribution ratioratio DD DD == CCSS /C/CMM

CCSS –– analyteanalyte concentrationconcentration onon solidsolid (stat(stat..)) phase,phase, CCMM –– inin liquidliquid (mobile)(mobile) phasephaseSS MM

retentionretention timetime ttRR
:: time,time, whichwhich itit takestakes toto analyteanalyte toto gogo throughthrough columncolumn

SS MM

retentionretention timetime ttRR
:: time,time, whichwhich itit takestakes toto analyteanalyte toto gogo throughthrough columncolumn

voidvoid (dead)(dead) timetime ttMM
:: time,time, whichwhich itit takestakes toto mobilemobile phasephase itselfitself toto gogo throughthrough column,column, oror nonnon--
interactinginteracting substancesubstance (its(its tt tt ))

voidvoid (dead)(dead) timetime ttMM
:: time,time, whichwhich itit takestakes toto mobilemobile phasephase itselfitself toto gogo throughthrough column,column, oror nonnon--
interactinginteracting substancesubstance (its(its tt tt ))interactinginteracting substancesubstance (its(its ttRR == ttMM))

sorptionsorption –– analyteanalyte fromfrom mobilemobile phasephase isis adsorbedadsorbed onon stationarystationary phasephase
desorptiondesorption –– reversereverse processprocess

interactinginteracting substancesubstance (its(its ttRR == ttMM))

sorptionsorption –– analyteanalyte fromfrom mobilemobile phasephase isis adsorbedadsorbed onon stationarystationary phasephase
desorptiondesorption –– reversereverse processprocessdesorptiondesorption reversereverse processprocess
chromatographychromatography –– dynamicdynamic equilibriumequilibrium ofof analyteanalyte sorptionsorption andand desorptiondesorption

fourfour mainmain sorptionsorption mechanismsmechanisms:: adsorption,adsorption, distributiondistribution (extraction(extraction--like),like), ionion

desorptiondesorption reversereverse processprocess
chromatographychromatography –– dynamicdynamic equilibriumequilibrium ofof analyteanalyte sorptionsorption andand desorptiondesorption

fourfour mainmain sorptionsorption mechanismsmechanisms:: adsorption,adsorption, distributiondistribution (extraction(extraction--like),like), ionion
exchangeexchange onon ionion--exchangerexchanger andand stericsteric exclusionexclusion (stationary(stationary phasephase withwith defineddefined
porosity,porosity, separatesseparates substancesubstance accordingaccording toto theirtheir sizesize andand molecularmolecular mass)mass)
exchangeexchange onon ionion--exchangerexchanger andand stericsteric exclusionexclusion (stationary(stationary phasephase withwith defineddefined
porosity,porosity, separatesseparates substancesubstance accordingaccording toto theirtheir sizesize andand molecularmolecular mass)mass)
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adsorptionadsorption –– surfacesurface effecteffect causedcaused byby electrostaticelectrostatic interactionsinteractions (weak(weak bodsbods;;
HH--bridges,bridges, bondbond dipoledipole--dipoledipole andand bondbond dipoledipole--inducedinduced dipole)dipole)
adsorptionadsorption –– surfacesurface effecteffect causedcaused byby electrostaticelectrostatic interactionsinteractions (weak(weak bodsbods;;
HH--bridges,bridges, bondbond dipoledipole--dipoledipole andand bondbond dipoledipole--inducedinduced dipole)dipole)

analytesanalytes competecompete withwith mobilemobile phasephase forfor limitedlimited numbernumber ofof bindingbinding sitessites onon
adsorbentadsorbent surfacesurface
analytesanalytes competecompete withwith mobilemobile phasephase forfor limitedlimited numbernumber ofof bindingbinding sitessites onon
adsorbentadsorbent surfacesurface

substancesubstance chromatographicchromatographic separationseparation –– symmetricsymmetric oror GaussianGaussian
concentrationconcentration profileprofile inin directiondirection ofof mobilemobile phasephase motionmotion ii ee zoneszones oror peakspeaks
substancesubstance chromatographicchromatographic separationseparation –– symmetricsymmetric oror GaussianGaussian
concentrationconcentration profileprofile inin directiondirection ofof mobilemobile phasephase motionmotion ii ee zoneszones oror peakspeaksconcentrationconcentration profileprofile inin directiondirection ofof mobilemobile phasephase motion,motion, ii..ee.. zoneszones oror peakspeaks

qualityquality ofof chromatographicchromatographic separationseparation
:: columncolumn efficiencyefficiency

concentrationconcentration profileprofile inin directiondirection ofof mobilemobile phasephase motion,motion, ii..ee.. zoneszones oror peakspeaks

qualityquality ofof chromatographicchromatographic separationseparation
:: columncolumn efficiencyefficiency laminar flowlaminar flow:: columncolumn efficiencyefficiency
numbernumber ofof theoretictheoretic platesplates NN NN == 55..5454*(*(ttRR //WW))22

WW –– peakpeak halfhalf--widthwidth

:: columncolumn efficiencyefficiency
numbernumber ofof theoretictheoretic platesplates NN NN == 55..5454*(*(ttRR //WW))22

WW –– peakpeak halfhalf--widthwidth

of liquidof liquid

heightheight equivalentequivalent ofof theoretictheoretic plateplate HH HH == LL //NN
LL –– columncolumn lengthlength
highhigh HH ⇒⇒ efficientefficient ss ofof multimulti--componentcomponent substancesubstance mixturesmixtures

heightheight equivalentequivalent ofof theoretictheoretic plateplate HH HH == LL //NN
LL –– columncolumn lengthlength
highhigh HH ⇒⇒ efficientefficient ss ofof multimulti--componentcomponent substancesubstance mixturesmixtures n

si
ty

n
si

ty

ΔtRΔtR

highhigh HH ⇒⇒ efficientefficient ss.. ofof multimulti componentcomponent substancesubstance mixturesmixtures

resolutionresolution RRSS RRSS == 22**ΔΔttRR // ((WW11 ++ WW22))
:: separationseparation ofof twotwo neighbouringneighbouring peakspeaks

highhigh HH ⇒⇒ efficientefficient ss.. ofof multimulti componentcomponent substancesubstance mixturesmixtures

resolutionresolution RRSS RRSS == 22**ΔΔttRR // ((WW11 ++ WW22))
:: separationseparation ofof twotwo neighbouringneighbouring peakspeaks

si
gn

al
 in

te
si

gn
al

 in
te

timetime

W1W1 W2W2

:: separationseparation ofof twotwo neighbouringneighbouring peakspeaks

RRSS ≥≥ 11..55 satisfying,satisfying, RRSS == 11..55 isis soso--calledcalled baselinebaseline separationseparation

:: separationseparation ofof twotwo neighbouringneighbouring peakspeaks

RRSS ≥≥ 11..55 satisfying,satisfying, RRSS == 11..55 isis soso--calledcalled baselinebaseline separationseparation

timetime
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stationarystationary phasesphases (SF)(SF)
chemicallychemically modifiedmodified silikagelsilikagel oror differentdifferent copolymerscopolymers
stationarystationary phasesphases (SF)(SF)
chemicallychemically modifiedmodified silikagelsilikagel oror differentdifferent copolymerscopolymers

silikagelsilikagel SiSi--OHOH –– polarpolar andand weakweak acidacid
:: modificationmodification byby alkylchlorosilanesalkylchlorosilanes withwith alifaticalifatic carboncarbon chainchain lengthlength 11 toto 1818;;
silikagelsilikagel SiSi--OHOH –– polarpolar andand weakweak acidacid
:: modificationmodification byby alkylchlorosilanesalkylchlorosilanes withwith alifaticalifatic carboncarbon chainchain lengthlength 11 toto 1818;;yy yy gg ;;
hydrolyticallyhydrolytically stablestable siloxanessiloxanes withwith typicaltypical bondsbonds SiSi--OO--SiSi--CC

:: mostmost frequentlyfrequently usedused phasephase –– octadecylsiloxaneoctadecylsiloxane ((ODSODS oror CC1818));; soso--calledcalled
reversereversedd phasephase

yy yy gg ;;
hydrolyticallyhydrolytically stablestable siloxanessiloxanes withwith typicaltypical bondsbonds SiSi--OO--SiSi--CC

:: mostmost frequentlyfrequently usedused phasephase –– octadecylsiloxaneoctadecylsiloxane ((ODSODS oror CC1818));; soso--calledcalled
reversereversedd phasephasereversereversedd phasephase

mobilemobile phasesphases (MF)(MF)
accacc toto polaritypolarity:: nn hexanehexane cyclohexanecyclohexane methylbenzenemethylbenzene chlorinatedchlorinated

reversereversedd phasephase

mobilemobile phasesphases (MF)(MF)
accacc toto polaritypolarity:: nn hexanehexane cyclohexanecyclohexane methylbenzenemethylbenzene chlorinatedchlorinatedaccacc.. toto polaritypolarity:: nn--hexane,hexane, cyclohexanecyclohexane,, methylbenzene,methylbenzene, chlorinatedchlorinated
carbohydrates,carbohydrates, tetrahydrofurantetrahydrofuran,, acetone,acetone, acetonitrile,acetonitrile, isoiso--propanolpropanol,, ethanol,ethanol,
methanol,methanol, waterwater……

accacc.. toto polaritypolarity:: nn--hexane,hexane, cyclohexanecyclohexane,, methylbenzene,methylbenzene, chlorinatedchlorinated
carbohydrates,carbohydrates, tetrahydrofurantetrahydrofuran,, acetone,acetone, acetonitrile,acetonitrile, isoiso--propanolpropanol,, ethanol,ethanol,
methanol,methanol, waterwater……

individuallyindividually oror theirtheir misciblemiscible mixturesmixturesindividuallyindividually oror theirtheir misciblemiscible mixturesmixtures

MFMF flfl dd tt 4040 MPMP flfl tt 00 0505 22 0000 l/ il/ iMFMF flfl dd tt 4040 MPMP flfl tt 00 0505 22 0000 l/ il/ i

reversedreversed HPLCHPLC –– methanolmethanol oror acetonitrileacetonitrile mixturemixture withwith waterwater oror bufferbuffer solutionsolutionreversedreversed HPLCHPLC –– methanolmethanol oror acetonitrileacetonitrile mixturemixture withwith waterwater oror bufferbuffer solutionsolution

MFMF flowsflows underunder pressurepressure upup toto 4040 MPa,MPa, flowflow ratesrates 00..0505 –– 22..0000 ml/minml/minMFMF flowsflows underunder pressurepressure upup toto 4040 MPa,MPa, flowflow ratesrates 00..0505 –– 22..0000 ml/minml/min

pHpH ofof aqueousaqueous partpart !!!! –– ionisedionised substancesubstance formsforms havehave lowerlower affinityaffinity toto CC1818pHpH ofof aqueousaqueous partpart !!!! –– ionisedionised substancesubstance formsforms havehave lowerlower affinityaffinity toto CC1818
122122122122



HPLCHPLC columnscolumns
conventionalconventional –– stainlessstainless steel,steel, lengthlength 33 toto 2525 cm,cm, ii..dd.. 33 –– 55 mmmm

i li l l thl th 55 5050 ii dd 00 55 22

HPLCHPLC columnscolumns
conventionalconventional –– stainlessstainless steel,steel, lengthlength 33 toto 2525 cm,cm, ii..dd.. 33 –– 55 mmmm

i li l l thl th 55 5050 ii dd 00 55 22microcolumnsmicrocolumns –– lengthlength 55 –– 5050 cm,cm, ii..dd.. 00..55 –– 22 mmmm

capillarycapillary HPLCHPLC

microcolumnsmicrocolumns –– lengthlength 55 –– 5050 cm,cm, ii..dd.. 00..55 –– 22 mmmm

capillarycapillary HPLCHPLC

signalsignal detectiondetection
:: inin MFMF afterafter elutionelution fromfrom columncolumn
signalsignal detectiondetection
:: inin MFMF afterafter elutionelution fromfrom columncolumn

photometersphotometers UVUV--VisVis (PDA/DAD),(PDA/DAD), fluorimeters,fluorimeters, refractometers,refractometers, electrochemicalelectrochemical
detectors,detectors, novelnovel massmass spectrometryspectrometry
photometersphotometers UVUV--VisVis (PDA/DAD),(PDA/DAD), fluorimeters,fluorimeters, refractometers,refractometers, electrochemicalelectrochemical
detectors,detectors, novelnovel massmass spectrometryspectrometry

HPLCHPLC detectordetector sensitivitysensitivity
:: refractometricrefractometric andand conductivityconductivity detectorsdetectors 55 1010––77 g/cmg/cm33
HPLCHPLC detectordetector sensitivitysensitivity
:: refractometricrefractometric andand conductivityconductivity detectorsdetectors 55 1010––77 g/cmg/cm33:: refractometricrefractometric andand conductivityconductivity detectorsdetectors 55..1010 77 g/cmg/cm33

:: photometricphotometric detectorsdetectors 1010––1010 g/cmg/cm33

:: fluorimetricfluorimetric andand amperometricamperometric detectorsdetectors upup toto 1010––1212 g/cmg/cm33

:: refractometricrefractometric andand conductivityconductivity detectorsdetectors 55..1010 77 g/cmg/cm33

:: photometricphotometric detectorsdetectors 1010––1010 g/cmg/cm33

:: fluorimetricfluorimetric andand amperometricamperometric detectorsdetectors upup toto 1010––1212 g/cmg/cm33
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HPLCHPLC application in laboratory diagnosticsapplication in laboratory diagnosticsHPLCHPLC application in laboratory diagnosticsapplication in laboratory diagnostics

fragile chromosome X syndromefragile chromosome X syndromefragile chromosome X syndromefragile chromosome X syndromefragile chromosome X syndromefragile chromosome X syndromefragile chromosome X syndromefragile chromosome X syndrome
causecause ofof inheritedinherited mentalmental retardationretardation ((22ndnd mostmost oftenoften afterafter DownDown syndrome)syndrome)

manifestationmanifestation:: facialfacial dysmorphydysmorphy –– bigbig ears,ears, bigbig faceface w/w/ accentaccent.. chinchin andand jawjaw

causecause ofof inheritedinherited mentalmental retardationretardation ((22ndnd mostmost oftenoften afterafter DownDown syndrome)syndrome)

manifestationmanifestation:: facialfacial dysmorphydysmorphy –– bigbig ears,ears, bigbig faceface w/w/ accentaccent.. chinchin andand jawjawmanifestationmanifestation:: facialfacial dysmorphydysmorphy bigbig ears,ears, bigbig faceface w/w/ accentaccent.. chinchin andand jawjaw
dystropiesdystropies:: stereotype,stereotype, illill communication,communication, hyperactivityhyperactivity andand badbad spatialspatial
orientationorientation

manifestationmanifestation:: facialfacial dysmorphydysmorphy bigbig ears,ears, bigbig faceface w/w/ accentaccent.. chinchin andand jawjaw
dystropiesdystropies:: stereotype,stereotype, illill communication,communication, hyperactivityhyperactivity andand badbad spatialspatial
orientationorientation

defectdefect genegene FMRFMR 11 onon chromosomechromosome XX (fragile(fragile XX mentalmental retardationretardation genegene 11))
mutationmutation:: trinucleotidetrinucleotide repetitionrepetition multiplicationmultiplication ((SNPSNP,, singlesingle nucleotidenucleotide
polymorphismpolymorphism))

defectdefect genegene FMRFMR 11 onon chromosomechromosome XX (fragile(fragile XX mentalmental retardationretardation genegene 11))
mutationmutation:: trinucleotidetrinucleotide repetitionrepetition multiplicationmultiplication ((SNPSNP,, singlesingle nucleotidenucleotide
polymorphismpolymorphism))p y pp y p ))
:: FraFra XX –– CGGCGG repetitionrepetition multiplicationmultiplication andand followingfollowing cytosinecytosine methylationmethylation
:: CytCyt methylationmethylation ofof CGGCGG sequencesequence ⇒⇒ genegene expressionexpression suppressionsuppression ⇒⇒ FraFra XX

didi ff d idid idi h hh h ((dCMPdCMP)) dd ii

p y pp y p ))
:: FraFra XX –– CGGCGG repetitionrepetition multiplicationmultiplication andand followingfollowing cytosinecytosine methylationmethylation
:: CytCyt methylationmethylation ofof CGGCGG sequencesequence ⇒⇒ genegene expressionexpression suppressionsuppression ⇒⇒ FraFra XX

didi ff d idid idi h hh h ((dCMPdCMP)) dd iiaccordingaccording toto contentcontent ofof deoxycytidinedeoxycytidine monophosphatemonophosphate ((dCMPdCMP)) andand itsits
methylatedmethylated derivativederivative ((mdCMPmdCMP)) andand accordingaccording toto numbernumber ofof CGGCGG
repetitionsrepetitions,, genegene FMRFMR 11 mightmight havehave threethree stadiastadia::

accordingaccording toto contentcontent ofof deoxycytidinedeoxycytidine monophosphatemonophosphate ((dCMPdCMP)) andand itsits
methylatedmethylated derivativederivative ((mdCMPmdCMP)) andand accordingaccording toto numbernumber ofof CGGCGG
repetitionsrepetitions,, genegene FMRFMR 11 mightmight havehave threethree stadiastadia::

FRM 1 stateFRM 1 state dCMP [%]dCMP [%] mdCMP [%]mdCMP [%] CGG numberCGG number

normalnormal 70 70 –– 100100 0 0 –– 3030 6 6 –– 5353

premutationpremutation 50 50 –– 7070 30 30 –– 5050 < 200< 200

mutationmutation 10 10 –– 5050 50 50 –– 9090 > 200> 200 124124124124



estimation of dCMP/mdCMP content ratioestimation of dCMP/mdCMP content ratioestimation of dCMP/mdCMP content ratioestimation of dCMP/mdCMP content ratio
diagnostics of Fra X syndromediagnostics of Fra X syndromediagnostics of Fra X syndromediagnostics of Fra X syndromediagnostics of Fra X syndromediagnostics of Fra X syndromediagnostics of Fra X syndromediagnostics of Fra X syndrome

cellcell ⇒⇒ DNADNA endonucleaseendonuclease MspMsp II>>cellcell ⇒⇒ DNADNA endonucleaseendonuclease MspMsp II>>

dAMPdAMP dTMPdTMP

nucleotidenucleotide triphosphatestriphosphates exonucleaseexonuclease IIIIII>>

nucleotidenucleotide monophosphatesmonophosphates

nucleotidenucleotide triphosphatestriphosphates exonucleaseexonuclease IIIIII>>

nucleotidenucleotide monophosphatesmonophosphates

mdCMP has R = CH3mdCMP has R = CH3
dCMPdCMPdGMPdGMP

(mdCMP / dCMP)(mdCMP / dCMP)11 vsvs.. (mdCMP / dCMP)(mdCMP / dCMP)22(mdCMP / dCMP)(mdCMP / dCMP)11 vsvs.. (mdCMP / dCMP)(mdCMP / dCMP)22

%mdCMP = mdCMP / (mdCMP + dCMP)%mdCMP = mdCMP / (mdCMP + dCMP)

checking ratioschecking ratios

%mdCMP = mdCMP / (mdCMP + dCMP)%mdCMP = mdCMP / (mdCMP + dCMP)
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checking ratioschecking ratios

(mdCMP + dCMP) / dGMP = 1(mdCMP + dCMP) / dGMP = 1
dAMP / dTMP = 1dAMP / dTMP = 1

checking ratioschecking ratios

(mdCMP + dCMP) / dGMP = 1(mdCMP + dCMP) / dGMP = 1
dAMP / dTMP = 1dAMP / dTMP = 1 30
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improving sensitivity in order of magnitudeimproving sensitivity in order of magnitude
UVUV--Vis Vis ⇒⇒ fluorescence detectionfluorescence detection
improving sensitivity in order of magnitudeimproving sensitivity in order of magnitude
UVUV--Vis Vis ⇒⇒ fluorescence detectionfluorescence detection 0 5 10 15 20
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capillary electrophoresis (CE)capillary electrophoresis (CE)capillary electrophoresis (CE)capillary electrophoresis (CE)

principleprinciple
separationseparation accordingaccording toto differentdifferent electrophoreticelectrophoretic mobilitiesmobilities ofof analytesanalytes inin

t ti lt ti l di tdi t ff l t il t i fi ldfi ld

principleprinciple
separationseparation accordingaccording toto differentdifferent electrophoreticelectrophoretic mobilitiesmobilities ofof analytesanalytes inin

t ti lt ti l di tdi t ff l t il t i fi ldfi ldpotentialpotential gradientgradient ofof electricelectric fieldfieldpotentialpotential gradientgradient ofof electricelectric fieldfield

dd –– distancedistance alongalong whichwhich analyteanalyte migratesmigrates afterafter introductionintroduction ofof potentialpotential EEdd –– distancedistance alongalong whichwhich analyteanalyte migratesmigrates afterafter introductionintroduction ofof potentialpotential EEdd –– distance,distance, alongalong whichwhich analyteanalyte migratesmigrates afterafter introductionintroduction ofof potentialpotential EE
betweenbetween twotwo electrodeselectrodes withwith distancedistance SS inin timetime tt

d = μ d = μ * t * t * (E / S)* (E / S)

dd –– distance,distance, alongalong whichwhich analyteanalyte migratesmigrates afterafter introductionintroduction ofof potentialpotential EE
betweenbetween twotwo electrodeselectrodes withwith distancedistance SS inin timetime tt

d = μ d = μ * t * t * (E / S)* (E / S)

μμ –– electrophoreticelectrophoretic mobilitymobility ((itit isis functionfunction ofof charge,charge, molecularmolecular massmass andand
shapeshape;; frictionfriction forcesforces –– slowslow--downdown migrationmigration inin viscoseviscose electrolyte)electrolyte)
μμ –– electrophoreticelectrophoretic mobilitymobility ((itit isis functionfunction ofof charge,charge, molecularmolecular massmass andand
shapeshape;; frictionfriction forcesforces –– slowslow--downdown migrationmigration inin viscoseviscose electrolyte)electrolyte)

separationseparation ΔΔdd == (μ(μ11 –– μμ22)) ** tt ** (E(E // S)S)separationseparation ΔΔdd == (μ(μ11 –– μμ22)) ** tt ** (E(E // S)S)

thethe mostmost utilisedutilised metmethhodicsodics

CZECZE –– capillarycapillary zonezone electrophoresiselectrophoresis
PAGEPAGE l l idl l id ll l t h il t h i

thethe mostmost utilisedutilised metmethhodicsodics

CZECZE –– capillarycapillary zonezone electrophoresiselectrophoresis
PAGEPAGE l l idl l id ll l t h il t h iPAGEPAGE –– polyacrylamidepolyacrylamide gelgel electrophoresiselectrophoresisPAGEPAGE –– polyacrylamidepolyacrylamide gelgel electrophoresiselectrophoresis
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CZE CZE –– capillary zone electrophoresiscapillary zone electrophoresisCZE CZE –– capillary zone electrophoresiscapillary zone electrophoresis

iliili illill ff llll didi ((5050 7575 ))iliili illill ff llll didi ((5050 7575 )):: silicasilica capillarycapillary ofof smallsmall diameterdiameter ((5050 –– 7575 μm)μm)

:: negativelynegatively chargedcharged surfacesurface ((silanolsilanol groupsgroups))

:: silicasilica capillarycapillary ofof smallsmall diameterdiameter ((5050 –– 7575 μm)μm)

:: negativelynegatively chargedcharged surfacesurface ((silanolsilanol groupsgroups)) –– ++

electroosmoticelectroosmotic flowflow ((EOFEOF))
b ib i hh ff CECE

electroosmoticelectroosmotic flowflow ((EOFEOF))
b ib i hh ff CECE

: : voltage ~ 10 voltage ~ 10 –– 60 kV60 kV: : voltage ~ 10 voltage ~ 10 –– 60 kV60 kV
CZECZE

:: basicbasic phenomenonphenomenon ofof CECE

silanolsilanol groupsgroups ((pKpKaa caca 66..22)) ⇒⇒ compensatedcompensated byby bufferbuffer cationscations ⇒⇒ SternStern
electricelectric doubledouble--layerlayer

:: basicbasic phenomenonphenomenon ofof CECE

silanolsilanol groupsgroups ((pKpKaa caca 66..22)) ⇒⇒ compensatedcompensated byby bufferbuffer cationscations ⇒⇒ SternStern
electricelectric doubledouble--layerlayerelectricelectric doubledouble layerlayer

potentialpotential gradientgradient ⇒⇒ hydratedhydrated cationscations areare inin motionmotion ⇒⇒ shiftshift ofof aa wholewhole
electrolyteelectrolyte ((EOFEOF)) ⇒⇒ carriescarries towardstowards cathodecathode allall presentpresent substancessubstances (neutral(neutral

electricelectric doubledouble layerlayer

potentialpotential gradientgradient ⇒⇒ hydratedhydrated cationscations areare inin motionmotion ⇒⇒ shiftshift ofof aa wholewhole
electrolyteelectrolyte ((EOFEOF)) ⇒⇒ carriescarries towardstowards cathodecathode allall presentpresent substancessubstances (neutral(neutralyy (( )) pp ((
andand alsoalso ionic)ionic)

EOFEOF raterate –– ↑↑ w/w/ ↑↑ bufferbuffer pHpH andand voltagevoltage;; ↓↓ w/w/ viscosityviscosity

yy (( )) pp ((
andand alsoalso ionic)ionic)

EOFEOF raterate –– ↑↑ w/w/ ↑↑ bufferbuffer pHpH andand voltagevoltage;; ↓↓ w/w/ viscosityviscosity
EOFEOF

EOF+NEOF+N
NN

C+C+

backgroundbackground electrolyteelectrolyte (conductive(conductive medium)medium) –– bufferbuffer
((BEBE))
backgroundbackground electrolyteelectrolyte (conductive(conductive medium)medium) –– bufferbuffer
((BEBE))

EOF+C+EOF+C+

EOF–A-EOF–A-

C+C+

A-A-

:: fundamentalfundamental influenceinfluence onon constantconstant mobilitymobility ofof separatedseparated substancessubstances

HH33NN++--CHCH22--COOHCOOH ⇔⇔ (H(H22NN--CHCH22--COOHCOOH ⇔⇔ HH33NN++--CHCH22--COOCOO––)) ⇔⇔ HH22NN--CHCH22--COOCOO––

:: fundamentalfundamental influenceinfluence onon constantconstant mobilitymobility ofof separatedseparated substancessubstances

HH33NN++--CHCH22--COOHCOOH ⇔⇔ (H(H22NN--CHCH22--COOHCOOH ⇔⇔ HH33NN++--CHCH22--COOCOO––)) ⇔⇔ HH22NN--CHCH22--COOCOO––
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separationseparation ofof neutralneutral speciesspecies –– addingadding tensidetenside intointo BEBE

micellemicelle creationcreation ⇒⇒ encapsulatingencapsulating neutralsneutrals ⇒⇒ chargedcharged micellesmicelles areare separatedseparated

separationseparation ofof neutralneutral speciesspecies –– addingadding tensidetenside intointo BEBE

micellemicelle creationcreation ⇒⇒ encapsulatingencapsulating neutralsneutrals ⇒⇒ chargedcharged micellesmicelles areare separatedseparated

separationseparation basedbased nono theirtheir differentdifferent solubilitysolubility inin micellesmicelles oror basedbased onon
differencesdifferences inin distributiondistribution coefficientscoefficients ofof analytesanalytes betweenbetween aqueousaqueous andand
micellarmicellar phasephase

separationseparation basedbased nono theirtheir differentdifferent solubilitysolubility inin micellesmicelles oror basedbased onon
differencesdifferences inin distributiondistribution coefficientscoefficients ofof analytesanalytes betweenbetween aqueousaqueous andand
micellarmicellar phasephasemicellarmicellar phasephasemicellarmicellar phasephase

signal detectionsignal detectionsignal detectionsignal detection

: : UVUV--VisVis –– sensitivity 10sensitivity 10––1313 up to 10up to 10––1616 mol (10mol (10––55 up to 10up to 10––88 mol/l)mol/l)

t it i d t tid t ti 1010 1111 l/ll/l

: : UVUV--VisVis –– sensitivity 10sensitivity 10––1313 up to 10up to 10––1616 mol (10mol (10––55 up to 10up to 10––88 mol/l)mol/l)

t it i d t tid t ti 1010 1111 l/ll/l: : amperometricamperometric detection detection –– 1010––1111 mol/lmol/l

: : laser induced fluorescencelaser induced fluorescence ((LIFLIF) ) –– 1010––1414 up to 10up to 10––1616 mol/lmol/l

: : amperometricamperometric detection detection –– 1010––1111 mol/lmol/l

: : laser induced fluorescencelaser induced fluorescence ((LIFLIF) ) –– 1010––1414 up to 10up to 10––1616 mol/lmol/l
:: :: derivatisation by fluoroderivatisation by fluorophphoreore:: :: derivatisation by fluoroderivatisation by fluorophphoreore
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PAGE PAGE –– polyacrylamide gel electrophoresispolyacrylamide gel electrophoresisPAGE PAGE –– polyacrylamide gel electrophoresispolyacrylamide gel electrophoresis

migration in migration in polymeric matrixpolymeric matrix
(agar, starch, agarose, (agar, starch, agarose, polyavrylamide)polyavrylamide)

:: separation of macromoleculesseparation of macromolecules

migration in migration in polymeric matrixpolymeric matrix
(agar, starch, agarose, (agar, starch, agarose, polyavrylamide)polyavrylamide)

:: separation of macromoleculesseparation of macromolecules: : separation of macromoleculesseparation of macromolecules: : separation of macromoleculesseparation of macromolecules

modesmodes : isocratic, gradient: isocratic, gradientmodesmodes : isocratic, gradient: isocratic, gradient

: : denaturing (SDS; denaturing (SDS; LämmliLämmli ))

: : nonnon--denaturingdenaturing

: : denaturing (SDS; denaturing (SDS; LämmliLämmli ))

: : nonnon--denaturingdenaturing

proteinsproteins
CoomassieCoomassie Blue, silver, SYPRO ruby, Blue, silver, SYPRO ruby, Cu(II), Zn(II)Cu(II), Zn(II)

proteinsproteins
CoomassieCoomassie Blue, silver, SYPRO ruby, Blue, silver, SYPRO ruby, Cu(II), Zn(II)Cu(II), Zn(II)detectiondetection::detectiondetection::

NANA
SYBR green, SYBR green, ethidiumethidium bromide, bromide, AcridineAcridine orangeorange

NANA
SYBR green, SYBR green, ethidiumethidium bromide, bromide, AcridineAcridine orangeorange

staining, densitometrystaining, densitometrystaining, densitometrystaining, densitometry
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CZECZE application in laboratory diagnosticsapplication in laboratory diagnosticsCZECZE application in laboratory diagnosticsapplication in laboratory diagnostics

metabolicmetabolic disordersdisorders
:: disrupteddisrupted metabolicmetabolic pathwayspathways (blocked,(blocked, absenceabsence ofof enzymeenzyme /genetic/)/genetic/)
:::: presencepresence ofof productsproducts ofof defectivedefective metabolismmetabolism inin urineurine andand bloodblood

metabolicmetabolic disordersdisorders
:: disrupteddisrupted metabolicmetabolic pathwayspathways (blocked,(blocked, absenceabsence ofof enzymeenzyme /genetic/)/genetic/)
:::: presencepresence ofof productsproducts ofof defectivedefective metabolismmetabolism inin urineurine andand bloodblood:::: presencepresence ofof productsproducts ofof defectivedefective metabolismmetabolism inin urineurine andand bloodblood

determinationdetermination ofof purinespurines andand pyrimidinespyrimidines contentcontent
diagnosticsdiagnostics ofof xanthinuriaxanthinuria andand hypoxanthinehypoxanthine phosphoribosyltransferasephosphoribosyltransferase deficitdeficit

:::: presencepresence ofof productsproducts ofof defectivedefective metabolismmetabolism inin urineurine andand bloodblood

determinationdetermination ofof purinespurines andand pyrimidinespyrimidines contentcontent
diagnosticsdiagnostics ofof xanthinuriaxanthinuria andand hypoxanthinehypoxanthine phosphoribosyltransferasephosphoribosyltransferase deficitdeficitdiagnosticsdiagnostics ofof xanthinuriaxanthinuria andand hypoxanthinehypoxanthine phosphoribosyltransferasephosphoribosyltransferase deficitdeficit

BEBE –– borateborate bufferbuffer 3030 mmol/lmmol/l pHpH 1010..22;; hydrodynamichydrodynamic injectioninjection 1010 s,s, separationseparation
voltagevoltage 1515 kV,kV, temperaturetemperature 2525 °°C,C, UVUV--detectiondetection atat 260260 nmnm

diagnosticsdiagnostics ofof xanthinuriaxanthinuria andand hypoxanthinehypoxanthine phosphoribosyltransferasephosphoribosyltransferase deficitdeficit

BEBE –– borateborate bufferbuffer 3030 mmol/lmmol/l pHpH 1010..22;; hydrodynamichydrodynamic injectioninjection 1010 s,s, separationseparation
voltagevoltage 1515 kV,kV, temperaturetemperature 2525 °°C,C, UVUV--detectiondetection atat 260260 nmnmgg ,, pp ,,gg ,, pp ,,
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mass spectrometry (MS)mass spectrometry (MS)mass spectrometry (MS)mass spectrometry (MS)

principleprincipleprincipleprinciple

: : physical method; determination of molecular or atomic mass of analytephysical method; determination of molecular or atomic mass of analyte: : physical method; determination of molecular or atomic mass of analytephysical method; determination of molecular or atomic mass of analyte

principleprinciple
moleculesmolecules ofof analyteanalyte areare ionisedionised inin gaseousgaseous phasephase;; thenthen theythey areare
separatedseparated eithereither inin timetime oror spacespace accordingaccording toto massmass toto chargecharge ratioratio ((m/zm/z ))

principleprinciple
moleculesmolecules ofof analyteanalyte areare ionisedionised inin gaseousgaseous phasephase;; thenthen theythey areare
separatedseparated eithereither inin timetime oror spacespace accordingaccording toto massmass toto chargecharge ratioratio ((m/zm/z ))

ionisationionisation ⇒⇒ massmass analysisanalysis ⇒⇒ ionion detectiondetectionionisationionisation ⇒⇒ massmass analysisanalysis ⇒⇒ ionion detectiondetection

ionisationionisation –– by field or high energetic particles (electron, photon, atom)by field or high energetic particles (electron, photon, atom)ionisationionisation –– by field or high energetic particles (electron, photon, atom)by field or high energetic particles (electron, photon, atom)ionisationionisation by field or high energetic particles (electron, photon, atom)by field or high energetic particles (electron, photon, atom)
soft soft vsvs. hard ionisation. hard ionisation
ionisationionisation by field or high energetic particles (electron, photon, atom)by field or high energetic particles (electron, photon, atom)
soft soft vsvs. hard ionisation. hard ionisation

mass analysismass analysismass analysismass analysis
timetime--ofof--flightflight detectordetectortimetime--ofof--flightflight detectordetector

magnetmagnetion sourceion source magneticmagnetic sectorsector
laserlaser ion

extractor
ion

extractor
ion
optics
ion
optics

ion
detector
ion
detector

ampl.ampl.
countercounter

reflectronreflectronflight tubeflight tubeion.
chamber

ion.
chamber

detectordetector

ion detectionion detection –– system of dynodessystem of dynodesion detectionion detection –– system of dynodessystem of dynodes

detectordetector
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tandem MStandem MStandem MStandem MS

serially connectedserially connected several mass analysersseveral mass analysersserially connectedserially connected several mass analysersseveral mass analysersserially connected serially connected several mass analysersseveral mass analysers
+ + secondary ionisationsecondary ionisation –– collision cellcollision cell
serially connected serially connected several mass analysersseveral mass analysers
+ + secondary ionisationsecondary ionisation –– collision cellcollision cell

: first analyser separates ions according to : first analyser separates ions according to m/zm/z: first analyser separates ions according to : first analyser separates ions according to m/zm/zs a a yse sepa a es o s acco d g os a a yse sepa a es o s acco d g o //

: ion selection at certain : ion selection at certain m/zm/z

: secondary ionisation: secondary ionisation--fragmentationfragmentation

s a a yse sepa a es o s acco d g os a a yse sepa a es o s acco d g o //

: ion selection at certain : ion selection at certain m/zm/z

: secondary ionisation: secondary ionisation--fragmentationfragmentation: secondary ionisation: secondary ionisation fragmentationfragmentation

: fragments separation in second analyser: fragments separation in second analyser

: fragment ion detection: fragment ion detection

: secondary ionisation: secondary ionisation fragmentationfragmentation

: fragments separation in second analyser: fragments separation in second analyser

: fragment ion detection: fragment ion detection: fragment ion detection : fragment ion detection : fragment ion detection : fragment ion detection 

analysis of proteins and nucleic acidsanalysis of proteins and nucleic acidsanalysis of proteins and nucleic acidsanalysis of proteins and nucleic acids

MALDIMALDI--TOF MSTOF MS ((mmatrixatrix aassistedssisted llaseraser ddesorptionesorption//iionizationonization ttimeime--ofof--fflightlight))MALDIMALDI--TOF MSTOF MS ((mmatrixatrix aassistedssisted llaseraser ddesorptionesorption//iionizationonization ttimeime--ofof--fflightlight))
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MSMS application in laboratory diagnosticsapplication in laboratory diagnosticsMSMS application in laboratory diagnosticsapplication in laboratory diagnostics

MALDI PSD TOFMALDI PSD TOF

postpost source decaysource decay

MALDI PSD TOFMALDI PSD TOF

postpost source decaysource decay %
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postpost--source decaysource decaypostpost--source decaysource decay
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hormone identificationhormone identification
by tandem MSby tandem MS
hormone identificationhormone identification
by tandem MSby tandem MS

in
te

in
te

m/zm/z

aann, b, bnnaann, b, bnn n =n =n =n = 1111 2222 3333 4444 5555 6666 7777 8888

pGlupGlu--HisHis––––––TrpTrp––––––SerSer––––––TyrTyr––––––GlyGly––––––LeuLeu––––––ArgArg––––––ProPro––––––GlyGly––NHNH22pGlupGlu--HisHis––––––TrpTrp––––––SerSer––––––TyrTyr––––––GlyGly––––––LeuLeu––––––ArgArg––––––ProPro––––––GlyGly––NHNH22

yynnyynn= n= n= n= n8888 7777 6666 5555 4444 3333 2222 1111 yynnyynn8888 7777 6666 5555 4444 3333 2222 1111

luteinising hormoneluteinising hormone--releasing hormone (LHRH)releasing hormone (LHRH)luteinising hormoneluteinising hormone--releasing hormone (LHRH)releasing hormone (LHRH)
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immunochemical analysisimmunochemical analysis
in praxis of clinical diagnosticsin praxis of clinical diagnostics
immunochemical analysisimmunochemical analysis
in praxis of clinical diagnosticsin praxis of clinical diagnostics

VI.VI.VI.VI.

in praxis of clinical diagnosticsin praxis of clinical diagnosticsin praxis of clinical diagnosticsin praxis of clinical diagnostics

immunityimmunity systemsystem (IS)(IS) –– informationinformation systemsystemimmunityimmunity systemsystem (IS)(IS) –– informationinformation systemsystemyy yy ( )( ) yy
:: responsibleresponsible forfor identityidentity andand integrityintegrity ofof individualindividual

componentscomponents:: lymphocyteslymphocytes andand antibodiesantibodies (Ab)(Ab)
l li til li ti ii bl dbl d dd l h til h ti i l tii l ti

yy yy ( )( ) yy
:: responsibleresponsible forfor identityidentity andand integrityintegrity ofof individualindividual

componentscomponents:: lymphocyteslymphocytes andand antibodiesantibodies (Ab)(Ab)
l li til li ti ii bl dbl d dd l h til h ti i l tii l tilocalisationlocalisation:: inin bloodblood andand lymphaticlymphatic circulationcirculation

functionfunction:: toleratetolerate intraneousintraneous structures,structures, labellabel andand removeremove extraneousextraneous

localisationlocalisation:: inin bloodblood andand lymphaticlymphatic circulationcirculation

functionfunction:: toleratetolerate intraneousintraneous structures,structures, labellabel andand removeremove extraneousextraneous

:: recognitionrecognition ofof intraneousintraneous fromfrom extraneousextraneous

:: removalremoval ofof extraneousextraneous:: micromicro--organismsorganisms,, cells,cells, tissues,tissues, proteinsproteins andand

:: recognitionrecognition ofof intraneousintraneous fromfrom extraneousextraneous

:: removalremoval ofof extraneousextraneous:: micromicro--organismsorganisms,, cells,cells, tissues,tissues, proteinsproteins andand

titi tib d i t titib d i t tititi tib d i t titib d i t ti

substancessubstances withwith antigenicantigenic activityactivitysubstancessubstances withwith antigenicantigenic activityactivity

antigen antigen + + antibody interactionantibody interaction
: analytical use of immunity system : analytical use of immunity system –– affinity (specific) interactionaffinity (specific) interaction

:: non:: non--covalentcovalent

antigen antigen + + antibody interactionantibody interaction
: analytical use of immunity system : analytical use of immunity system –– affinity (specific) interactionaffinity (specific) interaction

:: non:: non--covalentcovalent
:: reversible:: reversible
:: variable:: variable
:: reversible:: reversible
:: variable:: variable
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antigen antigen ((antibody generatorantibody generator ) ) ((Ag)Ag)antigen antigen ((antibody generatorantibody generator ) ) ((Ag)Ag)
: contains : contains determinantsdeterminants ((epitopesepitopes) ) ⇒⇒ induces induces immimm. . reaction (reaction (immunogenimmunogen)): contains : contains determinantsdeterminants ((epitopesepitopes) ) ⇒⇒ induces induces immimm. . reaction (reaction (immunogenimmunogen))

:: :: macromoleculemacromolecule (> 8 kDa)(> 8 kDa)

:: macromolecular :: macromolecular carrier + carrier + haptenhapten

:: :: macromoleculemacromolecule (> 8 kDa)(> 8 kDa)

:: macromolecular :: macromolecular carrier + carrier + haptenhaptenpppp

bacterial toxins, lipopolysaccharides, agglutinins, rheumatoid factor,bacterial toxins, lipopolysaccharides, agglutinins, rheumatoid factor,
endotoxins, allergensendotoxins, allergens
bacterial toxins, lipopolysaccharides, agglutinins, rheumatoid factor,bacterial toxins, lipopolysaccharides, agglutinins, rheumatoid factor,
endotoxins, allergensendotoxins, allergens

antibody (Ab)antibody (Ab)antibody (Ab)antibody (Ab)

endotoxins, allergensendotoxins, allergensendotoxins, allergensendotoxins, allergens

: recognise : recognise determinantsdeterminants ⇒⇒ response of IS to Agresponse of IS to Ag: recognise : recognise determinantsdeterminants ⇒⇒ response of IS to Agresponse of IS to Ag

: specific: specific Ab reacts with particular AgAb reacts with particular Ag labels itlabels it: specific: specific Ab reacts with particular AgAb reacts with particular Ag labels itlabels it: specific : specific Ab reacts with particular Ag Ab reacts with particular Ag –– labels itlabels it: specific : specific Ab reacts with particular Ag Ab reacts with particular Ag –– labels itlabels it

: binds : binds to determinants by means of to determinants by means of binding sitebinding site (paratope)(paratope): binds : binds to determinants by means of to determinants by means of binding sitebinding site (paratope)(paratope)

:::: immunisation immunisation –– exposing IS to new Ag exposing IS to new Ag ⇒⇒ creation of new creation of new AbAb:::: immunisation immunisation –– exposing IS to new Ag exposing IS to new Ag ⇒⇒ creation of new creation of new AbAb

monoclonalmonoclonal polyclonalpolyclonal AbAb –– equivalence ofequivalence of epitopesepitopesmonoclonalmonoclonal polyclonalpolyclonal AbAb –– equivalence ofequivalence of epitopesepitopesmonoclonalmonoclonal, , polyclonalpolyclonal Ab Ab –– equivalence of equivalence of epitopesepitopesmonoclonalmonoclonal, , polyclonalpolyclonal Ab Ab –– equivalence of equivalence of epitopesepitopes

135135135135Ab Ab cross reactions cross reactions –– interaction of one paratope with similar epitopesinteraction of one paratope with similar epitopesAb Ab cross reactions cross reactions –– interaction of one paratope with similar epitopesinteraction of one paratope with similar epitopes



immunoglobulinsimmunoglobulins

IgAIgA (15 (15 –– 20%) 20%) –– on the surface of exocrine gland mucous membraneon the surface of exocrine gland mucous membrane

immunoglobulinsimmunoglobulins

IgAIgA (15 (15 –– 20%) 20%) –– on the surface of exocrine gland mucous membraneon the surface of exocrine gland mucous membranegg (( )) gg

IgDIgD –– activation of Bactivation of B--cellscells

I EI E / ll i d bl bi di ll/ ll i d bl bi di ll I EI E l t il t i

gg (( )) gg

IgDIgD –– activation of Bactivation of B--cellscells

I EI E / ll i d bl bi di ll/ ll i d bl bi di ll I EI E l t il t iIgE IgE –– w/ allergies; double binding: allergenw/ allergies; double binding: allergen--IgEIgE--glycoproteinglycoprotein

IgGIgG (75%)(75%)

IgE IgE –– w/ allergies; double binding: allergenw/ allergies; double binding: allergen--IgEIgE--glycoproteinglycoprotein

IgGIgG (75%)(75%)

antibodyantibody –– detail of structuredetail of structureantibodyantibody –– detail of structuredetail of structure

IgMIgM (3 (3 –– 10%) 10%) –– intravascular spaceintravascular spaceIgMIgM (3 (3 –– 10%) 10%) –– intravascular spaceintravascular space

antibody antibody detail of structuredetail of structureantibody antibody detail of structuredetail of structure

antigenantigen binding sitebinding siteantigen bound
to Fab fragment
antigen bound
to Fab fragment

hinge
region
hinge
region

disulphide
bridges
disulphide
bridges

light (L)light (L)

heavy (H)heavy (H)
chainchain
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immunoanalysisimmunoanalysisimmunoanalysisimmunoanalysisinteractionsinteractions
: direct : direct –– precipitation, light scatteringprecipitation, light scattering
interactionsinteractions
: direct : direct –– precipitation, light scatteringprecipitation, light scatteringp p , g gp p , g g
: indirect : indirect –– agglutination, complement bondagglutination, complement bond
: labelling : labelling –– immunoassayimmunoassay
:: homogeneous:: homogeneous

p p , g gp p , g g
: indirect : indirect –– agglutination, complement bondagglutination, complement bond
: labelling : labelling –– immunoassayimmunoassay
:: homogeneous:: homogeneous:: homogeneous:: homogeneous
:: heterogeneous:: heterogeneous

::: direct::: direct
::: competitive::: competitive

:: homogeneous:: homogeneous
:: heterogeneous:: heterogeneous

::: direct::: direct
::: competitive::: competitive

mediummedium
l til ti

mediummedium
l til ti::: competitive::: competitive

::: indirect, sandwich::: indirect, sandwich
::: competitive::: competitive
::: indirect, sandwich::: indirect, sandwich

: solutions: solutions
: gel (: gel (immunodiffusionimmunodiffusion))
: immobilisations  & their combinations: immobilisations  & their combinations

: solutions: solutions
: gel (: gel (immunodiffusionimmunodiffusion))
: immobilisations  & their combinations: immobilisations  & their combinations

:: tissues:: tissues:: tissues:: tissues
detectiondetection
within direct and indirect within direct and indirect immunoanalysesimmunoanalyses
detectiondetection
within direct and indirect within direct and indirect immunoanalysesimmunoanalyses
: visual: visual
: optical : optical ((nenephphelometryelometry, , turbidimetryturbidimetry))
: mass spectrometric: mass spectrometric

: visual: visual
: optical : optical ((nenephphelometryelometry, , turbidimetryturbidimetry))
: mass spectrometric: mass spectrometricpp

within labelling within labelling immunoanalysesimmunoanalyses
:: spectrophotometricspectrophotometric fluorimetricfluorimetric

pp

within labelling within labelling immunoanalysesimmunoanalyses
:: spectrophotometricspectrophotometric fluorimetricfluorimetric: : spectrophotometricspectrophotometric, , fluorimetricfluorimetric
: radiometric: radiometric
: electrochemical: electrochemical

: : spectrophotometricspectrophotometric, , fluorimetricfluorimetric
: radiometric: radiometric
: electrochemical: electrochemical 137137137137



bivalentbivalent AbAb (precipitin), (precipitin), macromolecularmacromolecular Ag (Ag (precipitinogenprecipitinogen), ), 1:11:1bivalentbivalent AbAb (precipitin), (precipitin), macromolecularmacromolecular Ag (Ag (precipitinogenprecipitinogen), ), 1:11:1

direct direct immunoanalysisimmunoanalysis –– precipitationprecipitation reactionsreactionsdirect direct immunoanalysisimmunoanalysis –– precipitationprecipitation reactionsreactions

precipitateprecipitate –– visible coagulate originated in visible coagulate originated in AbAb and Ag molecules onlyand Ag molecules onlyprecipitateprecipitate –– visible coagulate originated in visible coagulate originated in AbAb and Ag molecules onlyand Ag molecules only

m
g]

m
g]AgAg

an
ti

B
SA

 [
m

an
ti

B
SA

 [
m

AbAb

desegregation substancesdesegregation substances –– prevent precipitationprevent precipitationdesegregation substancesdesegregation substances –– prevent precipitationprevent precipitation BSA [mg]BSA [mg]

B
SA

-a
B

SA
-a

precipitation curveprecipitation curveprecipitation curveprecipitation curve

direct direct immunoanalysisimmunoanalysis –– agglutination agglutination reactionsreactionsdirect direct immunoanalysisimmunoanalysis –– agglutination agglutination reactionsreactions

polyvalentpolyvalent AbAb ((agglutinin)agglutinin)
corpuscularcorpuscular Ag (Ag (agglutinogenagglutinogen))
polyvalentpolyvalent AbAb ((agglutinin)agglutinin)
corpuscularcorpuscular Ag (Ag (agglutinogenagglutinogen))

corpuskular
Ag
corpuskular
Ag corp.corp.

agglutinateagglutinate –– visible coagulatevisible coagulate
originated in macroscopic particlesoriginated in macroscopic particles

agglutinateagglutinate –– visible coagulatevisible coagulate
originated in macroscopic particlesoriginated in macroscopic particles AbAb

corpusculationcorpusculation Ag:Ag: immobilisation on immobilisation on corpusculecorpuscule (macroscopic particle)(macroscopic particle)
: : haemagglutionationhaemagglutionation, , cytocytoagagglutinationglutination, latex; complement system, latex; complement system
corpusculationcorpusculation Ag:Ag: immobilisation on immobilisation on corpusculecorpuscule (macroscopic particle)(macroscopic particle)
: : haemagglutionationhaemagglutionation, , cytocytoagagglutinationglutination, latex; complement system, latex; complement system 138138138138



qualitative methodsqualitative methodsqualitative methodsqualitative methods

ringring p. p. –– precipitation ring on interprecipitation ring on inter--phase Ag phase Ag –– Ab Ab ringring p. p. –– precipitation ring on interprecipitation ring on inter--phase Ag phase Ag –– Ab Ab 

Ag solutionAg solution
paraffinparaffin

ct
io

n
ct

io
n

plateplate p. p. –– „plate“ immunity reaction„plate“ immunity reactionplateplate p. p. –– „plate“ immunity reaction„plate“ immunity reaction
precipitateprecipitate

Ab agaroseAb agarose

Ag solutionAg solution

u
si

on
 d

ir
ec

u
si

on
 d

ir
ec

Ab agaroseAb agarose

di
ff

u
di

ff
u

OudineOudine methodmethod –– two gel layers, with two gel layers, with AbAb or Agor AgOudineOudine methodmethod –– two gel layers, with two gel layers, with AbAb or Agor Ag

OakleyOakley––Fulthorp methodFulthorp method –– two gels, with Ab or Ag, detects more [AbAg]two gels, with Ab or Ag, detects more [AbAg]OakleyOakley––Fulthorp methodFulthorp method –– two gels, with Ab or Ag, detects more [AbAg]two gels, with Ab or Ag, detects more [AbAg]yy pp g , g, [ g]g , g, [ g]yy pp g , g, [ g]g , g, [ g]
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plasmaplasma

OuchterlonyOuchterlony methodmethod
: double : double radial radial immunodiffusionimmunodiffusion
OuchterlonyOuchterlony methodmethod
: double : double radial radial immunodiffusionimmunodiffusion non-identicalnon-identical anti-albumin

+ anti-fibrinogen
anti-albumin
+ anti-fibrinogen

AbAb Ag
1:2
Ag
1:2 Ag

1:4
Ag
1:4

Ag
1:32
Ag

1:32

Ag
1:64
Ag

1:64

:: concentric :: concentric system of pitssystem of pits

AbAb in the middlein the middle

:: concentric :: concentric system of pitssystem of pits

AbAb in the middlein the middle partially
identical
partially
identical

anti-DNP +
anti-albumin
anti-DNP +
anti-albumin

DNP-
-albumin

DNP-
-albumin

albuminalbumin
1:41:4

AAAgAg aroundaroundAgAg aroundaround

identicalidentical

identicalidentical

anti-γ
+ ti
anti-γ
+ ti

IgGκIgGκ
Ag
1:8
Ag
1:8

Ag
1:16
Ag

1:16

anodeanode

+ anti-κ+ anti-κ

Williams & Williams & GrabarGrabar methodmethod
i l h ii l h i

Williams & Williams & GrabarGrabar methodmethod
i l h ii l h i

gel w/ Abgel w/ Ab

precipitateprecipitate

startstart: : immunoelectrophoresisimmunoelectrophoresis

:: starting :: starting pits with Ag, lengthwise pit with free diffusing pits with Ag, lengthwise pit with free diffusing AbAb

: : immunoelectrophoresisimmunoelectrophoresis

:: starting :: starting pits with Ag, lengthwise pit with free diffusing pits with Ag, lengthwise pit with free diffusing AbAb

cathodecathode
startstart

countercounter--directive directive immunoelectrophoresisimmunoelectrophoresis
: on : on opposite ends opposite ends AbAb and Ag, precipitation zonesand Ag, precipitation zones
countercounter--directive directive immunoelectrophoresisimmunoelectrophoresis
: on : on opposite ends opposite ends AbAb and Ag, precipitation zonesand Ag, precipitation zones
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haemagglutination inhibition test (HIT)haemagglutination inhibition test (HIT)haemagglutination inhibition test (HIT)haemagglutination inhibition test (HIT)

samplesample anti Hu-IgGanti Hu-IgG
samplesample

anti Hu-IgGanti Hu-IgG

Hu-IgG
other epitope

Hu-IgG
other epitope

G1 epitopeG1 epitope

l i il i i

Hu-IgG
G1 epitope

Hu-IgG
G1 epitope

G1 epitopeG1 epitope

no
l i i

no
l i i

negative negative –– agglutinated erythrocytesagglutinated erythrocytesnegative negative –– agglutinated erythrocytesagglutinated erythrocytespositive positive –– blood sedimentsblood sedimentspositive positive –– blood sedimentsblood sediments

agglutination!agglutination!agglutinationagglutination

AbAb presencepresence ⇒⇒ nono agglutinationagglutinationAbAb presencepresence ⇒⇒ nono agglutinationagglutination AbAb absenceabsence ⇒⇒ agglutinationagglutinationAbAb absenceabsence ⇒⇒ agglutinationagglutinationAbAb presence presence ⇒⇒ nono agglutinationagglutinationAbAb presence presence ⇒⇒ nono agglutinationagglutination AbAb absence absence ⇒⇒ agglutinationagglutinationAbAb absence absence ⇒⇒ agglutinationagglutination

Coombs test (CT)Coombs test (CT)
: revelation of antibodies against red: revelation of antibodies against red--blood cellsblood cells
Coombs test (CT)Coombs test (CT)
: revelation of antibodies against red: revelation of antibodies against red--blood cellsblood cellsindicatorsindicators : revelation of antibodies against red: revelation of antibodies against red blood cellsblood cells

: determination of Ag: determination of Ag11 by unby un--complete Abcomplete Abii

: primary complex: Ag: primary complex: Ag11AbAbii

: revelation of antibodies against red: revelation of antibodies against red blood cellsblood cells

: determination of Ag: determination of Ag11 by unby un--complete Abcomplete Abii

: primary complex: Ag: primary complex: Ag11AbAbii
ll

oror Hu-IgGHu-IgG

eryth. with Hu-IgGeryth. with Hu-IgGeryth. Rh+eryth. Rh+

p a y co p e gp a y co p e g11 bb
: secondary complex: Ag: secondary complex: Ag11AbAbiiAgAg22

p a y co p e gp a y co p e g11 bb
: secondary complex: Ag: secondary complex: Ag11AbAbiiAgAg22 indirect CTindirect CTindirect CTindirect CT

samplesample

childchildmothermother

oror
anti Hu-IgG

Coombs reagent
anti Hu-IgG

Coombs reagent samplesample
step 1step 1

direct CTdirect CTdirect CTdirect CT
childchildmothermother Coombs reagentCoombs reagent pp

step 2step 2
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quantitative methodsquantitative methodsquantitative methodsquantitative methods
gravimetricgravimetric p. p. –– p. weighting, p. weighting, nephelometrynephelometry, , turbidimetryturbidimetrygravimetricgravimetric p. p. –– p. weighting, p. weighting, nephelometrynephelometry, , turbidimetryturbidimetrygg pp p g g,p g g, p yp y,, yygg pp p g g,p g g, p yp y,, yy

Mancini methodMancini methodMancini methodMancini method

Ab in gelAb in gel Ag sampleAg sample

g
[m

g/
m

l]
g

[m
g/

m
l] 15 mg/ml15 mg/ml

Ag
1.0 mg

Ag
1.0 mg

: : radial radial immunodiffusionimmunodiffusion

:: :: gel contains gel contains AbAb
li fli f itit

: : radial radial immunodiffusionimmunodiffusion

:: :: gel contains gel contains AbAb
li fli f itit calibration curvecalibration curve

diameter [mm2]diameter [mm2]

A
g

A
g2.5 mg2.5 mg

10.0 mg10.0 mg

Ag
sample

Ag
sample

:: :: line of line of pitspits
:::::: standards (calibration) + samplestandards (calibration) + sample

:: :: line of line of pitspits
:::::: standards (calibration) + samplestandards (calibration) + sample

Laurel methodLaurel methodLaurel methodLaurel method

calibration curvecalibration curve

Laurel methodLaurel method
: : rocket, continuative, cross IELFO; rocket, continuative, cross IELFO; electroimmunodiffusionelectroimmunodiffusion

:::: gel containsgel contains AbAb starting pits with Ag; flame shapestarting pits with Ag; flame shape semisemi quantityquantity

Laurel methodLaurel method
: : rocket, continuative, cross IELFO; rocket, continuative, cross IELFO; electroimmunodiffusionelectroimmunodiffusion

:::: gel containsgel contains AbAb starting pits with Ag; flame shapestarting pits with Ag; flame shape semisemi quantityquantity:: :: gel contains gel contains AbAb, starting pits with Ag; flame shape , starting pits with Ag; flame shape –– semisemi--quantityquantity:: :: gel contains gel contains AbAb, starting pits with Ag; flame shape , starting pits with Ag; flame shape –– semisemi--quantityquantity

Clarke & Freeman methodClarke & Freeman method –– 2D IELFO2D IELFOClarke & Freeman methodClarke & Freeman method –– 2D IELFO2D IELFOClarke & Freeman method Clarke & Freeman method 2D IELFO2D IELFO
: : 1D separates Ag, 2D interactions with 1D separates Ag, 2D interactions with AbAb in gel in 90in gel in 90°°
Clarke & Freeman method Clarke & Freeman method 2D IELFO2D IELFO
: : 1D separates Ag, 2D interactions with 1D separates Ag, 2D interactions with AbAb in gel in 90in gel in 90°° startstart

2
. dom

en
.

2
. dom

en
.

gel w/ ABgel w/ AB

tandem IELFOtandem IELFO
: : similar to 2D IELFO with standard amounts of Agsimilar to 2D IELFO with standard amounts of Ag
tandem IELFOtandem IELFO
: : similar to 2D IELFO with standard amounts of Agsimilar to 2D IELFO with standard amounts of Ag

1. dimension1. dimension
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immunoanalysisimmunoanalysis with labelled reagentswith labelled reagentsimmunoanalysisimmunoanalysis with labelled reagentswith labelled reagentsimmunoanalysisimmunoanalysis with labelled reagentswith labelled reagentsimmunoanalysisimmunoanalysis with labelled reagentswith labelled reagents

immunoassayimmunoassay;; serumserum neutralisationneutralisationimmunoassayimmunoassay;; serumserum neutralisationneutralisationimmunoassayimmunoassay; ; serumserum neutralisationneutralisation

univalent Ab, soluble Agunivalent Ab, soluble Ag

immunoassayimmunoassay; ; serumserum neutralisationneutralisation

univalent Ab, soluble Agunivalent Ab, soluble Ag

: : suitable suitable AbAb –– monoclonalmonoclonal: : suitable suitable AbAb –– monoclonalmonoclonal

: : suitable label (suitable label (AbAb, Ag) , Ag) –– fluorofluoro-- oror chromophorechromophore, radioactive isotope, enzyme, radioactive isotope, enzyme

titi tt i bili tii bili ti

: : suitable label (suitable label (AbAb, Ag) , Ag) –– fluorofluoro-- oror chromophorechromophore, radioactive isotope, enzyme, radioactive isotope, enzyme

titi tt i bili tii bili ti: : separation separation systemsystem –– immobilisationimmobilisation

: : detectiondetection

: : separation separation systemsystem –– immobilisationimmobilisation

: : detectiondetection

: : standard or control measurementstandard or control measurement: : standard or control measurementstandard or control measurement
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simplesimple immunoassayimmunoassaysimplesimple immunoassayimmunoassay

i bili ii bili i ffi bili ii bili i ff: : immobilisationimmobilisation ofof AgAg
: : knownknown amountamount ofof AbAb
: : boundbound ofof Ab to Ab to AgAg

: : immobilisationimmobilisation ofof AgAg
: : knownknown amountamount ofof AbAb
: : boundbound ofof Ab to Ab to AgAg
:: AgAg contantcontant determinationdetermination
:: :: directlydirectly –– labelledlabelled AbAb11
:: :: indirectlyindirectly –– labelledlabelled AbAb22 againstagainst AbAb11

:: AgAg contantcontant determinationdetermination
:: :: directlydirectly –– labelledlabelled AbAb11
:: :: indirectlyindirectly –– labelledlabelled AbAb22 againstagainst AbAb11d ect yd ect y abe edabe ed bb22 aga staga st bb11d ect yd ect y abe edabe ed bb22 aga staga st bb11

alal
si

gn
a

si
gn

a

concentrationconcentration

AgAg + Ab*+ Ab* ↔↔ [[AgAbAgAb*]*]AgAg + Ab*+ Ab* ↔↔ [[AgAbAgAb*]*]

AgAg labelled Ablabelled Ab substratesubstrate

di d tdi d t ll i bili tii bili ti l b ll dl b ll d AbAbdi d tdi d t ll i bili tii bili ti l b ll dl b ll d AbAb

AgAg + Ab  + Ab  ↔↔ [[AgAbAgAb ]]AgAg + Ab  + Ab  ↔↔ [[AgAbAgAb ]]

advantagesadvantages: : lowlow Ab Ab consumptionconsumptionadvantagesadvantages: : lowlow Ab Ab consumptionconsumption

disadvantagesdisadvantages: : sample sample immobilisationimmobilisation, , labelledlabelled Ab, Ab, 
lowlow specifityspecifity, , lowlow selectivityselectivity ((onlyonly withinwithin directdirect detectiondetection))

disadvantagesdisadvantages: : sample sample immobilisationimmobilisation, , labelledlabelled Ab, Ab, 
lowlow specifityspecifity, , lowlow selectivityselectivity ((onlyonly withinwithin directdirect detectiondetection))
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competitivecompetitive immunoaimmunoassayssaycompetitivecompetitive immunoaimmunoassayssay
limited reagent assaylimited reagent assaylimited reagent assaylimited reagent assay

: : limited numberlimited number of binding sites on plate with of binding sites on plate with AbAb
: : unknownunknown amount of Agamount of Ag
: : limited numberlimited number of binding sites on plate with of binding sites on plate with AbAb
: : unknownunknown amount of Agamount of Ag

g yg yg yg y

: : binding site competitionbinding site competition with known amount of labelled Ag with known amount of labelled Ag 

:: :: determination of labelled Ag either free or bound determination of labelled Ag either free or bound ⇒⇒

: : binding site competitionbinding site competition with known amount of labelled Ag with known amount of labelled Ag 

:: :: determination of labelled Ag either free or bound determination of labelled Ag either free or bound ⇒⇒d a o o ab d g o bou dd a o o ab d g o bou d
unknown amount of Agunknown amount of Ag

d a o o ab d g o bou dd a o o ab d g o bou d
unknown amount of Agunknown amount of Ag

si
gn

al
si

gn
al

concentrationconcentration

2Ab2Ab AA AA ** [[AbAAbA ] [] [AbAAbA *]*]2Ab2Ab AA AA ** [[AbAAbA ] [] [AbAAbA *]*]

AgAg AbAb labelled Ablabelled Ab substratesubstrate

2Ab + 2Ab + AgAg + + AgAg* * ↔↔ [[AbAgAbAg] + [] + [AbAgAbAg*]*]2Ab + 2Ab + AgAg + + AgAg* * ↔↔ [[AbAgAbAg] + [] + [AbAgAbAg*]*]

advantages: advantages: low low AbAb consumptionconsumptionadvantages: advantages: low low AbAb consumptionconsumption

disadvantages: disadvantages: low specificity, low selectivitylow specificity, low selectivitydisadvantages: disadvantages: low specificity, low selectivitylow specificity, low selectivity

gg ppgg pp
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reagent surplus assayreagent surplus assayreagent surplus assayreagent surplus assay

sandwich sandwich immunoaimmunoassayssay, , immunometryimmunometrysandwich sandwich immunoaimmunoassayssay, , immunometryimmunometry
reagent surplus assayreagent surplus assayreagent surplus assayreagent surplus assay

: : two or moretwo or more Ab guarantee IA specificityAb guarantee IA specificity
:: theoretical limit of detection istheoretical limit of detection is one analyte moleculeone analyte molecule
: : two or moretwo or more Ab guarantee IA specificityAb guarantee IA specificity
:: theoretical limit of detection istheoretical limit of detection is one analyte moleculeone analyte molecule: : theoretical limit of detection is theoretical limit of detection is one analyte moleculeone analyte molecule: : theoretical limit of detection is theoretical limit of detection is one analyte moleculeone analyte molecule

:: :: unbound labelled Ab is used to quantify the analyteunbound labelled Ab is used to quantify the analyte:: :: unbound labelled Ab is used to quantify the analyteunbound labelled Ab is used to quantify the analyte

si
gn

al
si

gn
al

AgAg AbAb labelled Ablabelled Ab substratesubstrate

concentrationconcentration

x Abx Ab11 + y + y AgAg →→ y [Aby [Ab11Ag] + (xAg] + (x––y) Aby) Ab11

z Abz Ab ** + y [+ y [AbAb Ag]Ag] →→ y [Aby [Ab Ag]Ag] AbAb ** + (z+ (z y) Aby) Ab **

x Abx Ab11 + y + y AgAg →→ y [Aby [Ab11Ag] + (xAg] + (x––y) Aby) Ab11

z Abz Ab ** + y [+ y [AbAb Ag]Ag] →→ y [Aby [Ab Ag]Ag] AbAb ** + (z+ (z y) Aby) Ab **z Abz Ab22 + y [+ y [AbAb11Ag] Ag] →→ y [Aby [Ab11Ag]Ag]--AbAb22 + (z+ (z––y) Aby) Ab22z Abz Ab22 + y [+ y [AbAb11Ag] Ag] →→ y [Aby [Ab11Ag]Ag]--AbAb22 + (z+ (z––y) Aby) Ab22

advantages: advantages: elevated sensitivity, elevated specificityelevated sensitivity, elevated specificityadvantages: advantages: elevated sensitivity, elevated specificityelevated sensitivity, elevated specificitygg y, p yy, p ygg y, p yy, p y

disadvantages: disadvantages: labelled Ab, Ab wastinglabelled Ab, Ab wastingdisadvantages: disadvantages: labelled Ab, Ab wastinglabelled Ab, Ab wasting
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FIA FIA –– fluorescent immunoassayfluorescent immunoassayFIA FIA –– fluorescent immunoassayfluorescent immunoassay

fluophorefluophore labelled labelled AbAb or Agor Agfluophorefluophore labelled labelled AbAb or Agor Ag

designdesign
homogeneoushomogeneous
designdesign
homogeneoushomogeneousgg
: Δ fluorescence properties of labelled : Δ fluorescence properties of labelled AbAb/Ag when [/Ag when [AbAgAbAg] is created] is created

heterogeneousheterogeneous
fl f b d l b ll dfl f b d l b ll d AbAb/A ft hi/A ft hi t th b dt th b d

gg
: Δ fluorescence properties of labelled : Δ fluorescence properties of labelled AbAb/Ag when [/Ag when [AbAgAbAg] is created] is created

heterogeneousheterogeneous
fl f b d l b ll dfl f b d l b ll d AbAb/A ft hi/A ft hi t th b dt th b d

fluophoresfluophores used:used:fluophoresfluophores used:used:

: fluorescence of bound labelled : fluorescence of bound labelled AbAb/Ag after washing/Ag after washing--out the unbound oneout the unbound one: fluorescence of bound labelled : fluorescence of bound labelled AbAb/Ag after washing/Ag after washing--out the unbound oneout the unbound one

fluophoresfluophores used:used:
fluoresceinfluorescein, , fluoresceinfluorescein isothiocyanateisothiocyanate (FITC), (FITC), rhodaminerhodamine, , umbelliferonumbelliferon,,
88--anilinanilin--11--naphthalen sulphate (ANS), naphthalen sulphate (ANS), lanthanoidlanthanoid chelateschelates ((EuEu, Tb, , Tb, SmSm) ) 

fluophoresfluophores used:used:
fluoresceinfluorescein, , fluoresceinfluorescein isothiocyanateisothiocyanate (FITC), (FITC), rhodaminerhodamine, , umbelliferonumbelliferon,,
88--anilinanilin--11--naphthalen sulphate (ANS), naphthalen sulphate (ANS), lanthanoidlanthanoid chelateschelates ((EuEu, Tb, , Tb, SmSm) ) 

advantagesadvantages
: specificity: specificity
: sensitivity: sensitivity

advantagesadvantages
: specificity: specificity
: sensitivity: sensitivity

disadvantagesdisadvantages
: background (quenching): background (quenching)
: instrumentally demanding: instrumentally demanding

disadvantagesdisadvantages
: background (quenching): background (quenching)
: instrumentally demanding: instrumentally demanding

147147147147

: sensitivity: sensitivity
: probe size: probe size
: sensitivity: sensitivity
: probe size: probe size

: instrumentally demanding: instrumentally demanding
: limited choice of labels: limited choice of labels
: instrumentally demanding: instrumentally demanding
: limited choice of labels: limited choice of labels



LIA LIA –– luminescence immunoassayluminescence immunoassayLIA LIA –– luminescence immunoassayluminescence immunoassay
chemiluminiscencechemiluminiscencechemiluminiscencechemiluminiscence

acridiniumacridinium esters esters –– need no catalysisneed no catalysisacridiniumacridinium esters esters –– need no catalysisneed no catalysis

luminol, isoluminol luminol, isoluminol –– needs hydrogen peroxideneeds hydrogen peroxide; peroxidase; peroxidaseluminol, isoluminol luminol, isoluminol –– needs hydrogen peroxideneeds hydrogen peroxide; peroxidase; peroxidase

N H
N H

OR1

R2

C O- O

C O - O
R1

R 2

-

-

P O D, H2O 2

p H (10-11)
+   N 2  +   h ν   +   H 2O

N H
N H

OR1

R2

C O- O

C O - O
R1

R 2

-

-

P O D, H2O 2

p H (10-11)
+   N 2  +   h ν   +   H 2O

OO

enzymaticallyenzymatically inducedinduced luminiscenceluminiscence

component: 1,2component: 1,2--dioxoethanedioxoethane

enzymaticallyenzymatically inducedinduced luminiscenceluminiscence

component: 1,2component: 1,2--dioxoethanedioxoethanep ,p ,p ,p ,
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electrochemoluminiscenceelectrochemoluminiscence

NHS fNHS f R (b )R (b ) 22

electrochemoluminiscenceelectrochemoluminiscence

NHS fNHS f R (b )R (b ) 22NHS ester of NHS ester of Ru(bpy)Ru(bpy)33
2+2+NHS ester of NHS ester of Ru(bpy)Ru(bpy)33
2+2+

anchored on magnetic carrieranchored on magnetic carrieranchored on magnetic carrieranchored on magnetic carrieranchored on magnetic carrieranchored on magnetic carrier
label oxidation on Pt or Au electrode at 2 Vlabel oxidation on Pt or Au electrode at 2 V
+ TPA (tripropylamine) in buffer + TPA (tripropylamine) in buffer –– regenerationregeneration

anchored on magnetic carrieranchored on magnetic carrier
label oxidation on Pt or Au electrode at 2 Vlabel oxidation on Pt or Au electrode at 2 V
+ TPA (tripropylamine) in buffer + TPA (tripropylamine) in buffer –– regenerationregeneration

bioluminiscencebioluminiscence;; luciferin/luciferaseluciferin/luciferasebioluminiscencebioluminiscence;; luciferin/luciferaseluciferin/luciferase

ATP, Mg(II), O2ATP, Mg(II), O2

luciferaseluciferase – CO2– CO2

advantagesadvantages
: S/N ratio: S/N ratio
advantagesadvantages
: S/N ratio: S/N ratio

disadvantagesdisadvantages
: instrumetally demanding: instrumetally demanding
disadvantagesdisadvantages
: instrumetally demanding: instrumetally demanding
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: sensitive: sensitive
: probe size: probe size
: sensitive: sensitive
: probe size: probe size



RIA RIA –– radioiosotopic immunoassayradioiosotopic immunoassayRIA RIA –– radioiosotopic immunoassayradioiosotopic immunoassay

radioisotope (unstable / radioisotope (unstable / radioctiveradioctive isotope) labelled isotope) labelled AbAb or Ag or Ag radioisotope (unstable / radioisotope (unstable / radioctiveradioctive isotope) labelled isotope) labelled AbAb or Ag or Ag 

design:design:
: heterogeneous, : heterogeneous, conmpetitiveconmpetitive
design:design:
: heterogeneous, : heterogeneous, conmpetitiveconmpetitive

isotopes isotopes used:used:isotopes isotopes used:used:
125125I I –– protein Ag; 60 protein Ag; 60 days; days; 1414C C –– haptenshaptens; ; 33H H –– steroid hormonessteroid hormones
other isotopes other isotopes –– 7575Se, Se, 5757CoCo
125125I I –– protein Ag; 60 protein Ag; 60 days; days; 1414C C –– haptenshaptens; ; 33H H –– steroid hormonessteroid hormones
other isotopes other isotopes –– 7575Se, Se, 5757CoCo

detectiondetection: according to radiation : according to radiation –– α and β (α and β (scintillatorscintillator ) or γ () or γ (counter counter ))detectiondetection: according to radiation : according to radiation –– α and β (α and β (scintillatorscintillator ) or γ () or γ (counter counter ))

advantagesadvantagesadvantagesadvantages disadvantagesdisadvantagesdisadvantagesdisadvantagesadvantagesadvantages
: flexibility: flexibility
: sensitivity: sensitivity
: probe size: probe size

advantagesadvantages
: flexibility: flexibility
: sensitivity: sensitivity
: probe size: probe size

disadvantagesdisadvantages
: toxicity: toxicity
: shelf life: shelf life
: waste disposal: waste disposal

disadvantagesdisadvantages
: toxicity: toxicity
: shelf life: shelf life
: waste disposal: waste disposal

150150150150

: probe size: probe size: probe size: probe size : waste disposal: waste disposal: waste disposal: waste disposal



EIA EIA –– enzyme immunoassayenzyme immunoassayEIA EIA –– enzyme immunoassayenzyme immunoassay

enzyme enzyme labelled labelled AbAb or or AgAgenzyme enzyme labelled labelled AbAb or or AgAg

designdesigndesigndesigndesigndesign
homogeneoushomogeneous

: : competitive  competitive  AbAb + Ag+ Ag--E + Ag  E + Ag  →→ [[AbAb*Ag*Ag--E] + AgE] + Ag--E + Ag  E + Ag  

designdesign
homogeneoushomogeneous

: : competitive  competitive  AbAb + Ag+ Ag--E + Ag  E + Ag  →→ [[AbAb*Ag*Ag--E] + AgE] + Ag--E + Ag  E + Ag  

heterogeneous heterogeneous 
: : competitive   competitive   

heterogeneous heterogeneous 
: : competitive   competitive   
:: direct direct 
:: indirect/sandwich indirect/sandwich 
:: direct direct 
:: indirect/sandwich indirect/sandwich 

enzymes enzymes usedused::
alkalicalkalic phosphatasephosphatase, , peroxidaseperoxidase, , galactosidasegalactosidase, glucose , glucose 
oxidaseoxidase, , dehydrogenasedehydrogenase, , lysozymelysozyme and and malatemalate dehydrogenasedehydrogenase

enzymes enzymes usedused::
alkalicalkalic phosphatasephosphatase, , peroxidaseperoxidase, , galactosidasegalactosidase, glucose , glucose 
oxidaseoxidase, , dehydrogenasedehydrogenase, , lysozymelysozyme and and malatemalate dehydrogenasedehydrogenase,, y gy g ,, y yy y y gy g,, y gy g ,, y yy y y gy g

advantagesadvantages
: versatility: versatility

f lf l

advantagesadvantages
: versatility: versatility

f lf l

disadvantagesdisadvantages
: unstable: unstable

bb

disadvantagesdisadvantages
: unstable: unstable

bb

151151151151

: purposeful: purposeful
: signal amplification: signal amplification
: purposeful: purposeful
: signal amplification: signal amplification

: probe size: probe size
: heterogeneous: heterogeneous
: probe size: probe size
: heterogeneous: heterogeneous



immunodiagnosticsimmunodiagnosticsimmunodiagnosticsimmunodiagnostics

immunoanalysersimmunoanalysersimmunoanalysersimmunoanalysers

f ll t t df ll t t d i li lf ll t t df ll t t d i li l: fully automated : fully automated immunoanalysesimmunoanalyses

: mostly based on heterogeneous sandwich immunoassay (EIA, FIA): mostly based on heterogeneous sandwich immunoassay (EIA, FIA)
:: every manufacturer has its own design modifications (patents):: every manufacturer has its own design modifications (patents)

: fully automated : fully automated immunoanalysesimmunoanalyses

: mostly based on heterogeneous sandwich immunoassay (EIA, FIA): mostly based on heterogeneous sandwich immunoassay (EIA, FIA)
:: every manufacturer has its own design modifications (patents):: every manufacturer has its own design modifications (patents):: every manufacturer has its own design modifications (patents):: every manufacturer has its own design modifications (patents)

: relatively low costs (mass : relatively low costs (mass AbAb production)production)

:: every manufacturer has its own design modifications (patents):: every manufacturer has its own design modifications (patents)

: relatively low costs (mass : relatively low costs (mass AbAb production)production)
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immunostripsimmunostripsimmunostripsimmunostrips

: specialised one: specialised one--target disposable target disposable immunoanalysesimmunoanalyses

: mostly based on heterogeneous sandwich immunoassay (EIA): mostly based on heterogeneous sandwich immunoassay (EIA)

: specialised one: specialised one--target disposable target disposable immunoanalysesimmunoanalyses

: mostly based on heterogeneous sandwich immunoassay (EIA): mostly based on heterogeneous sandwich immunoassay (EIA)

sample flowsample flow

: relatively low costs (mass : relatively low costs (mass AbAb production)production): relatively low costs (mass : relatively low costs (mass AbAb production)production)

sample flowsample flow

samplesample
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release
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wicking
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pointpoint--ofof--care meters based on care meters based on immunoanalysisimmunoanalysispointpoint--ofof--care meters based on care meters based on immunoanalysisimmunoanalysis

: specialised single: specialised single-- or multior multi--purpose minipurpose mini--immunoanalysersimmunoanalysers: specialised single: specialised single-- or multior multi--purpose minipurpose mini--immunoanalysersimmunoanalysers

: mostly based on heterogeneous sandwich immunoassay (EIA): mostly based on heterogeneous sandwich immunoassay (EIA)

: originated in usage of : originated in usage of immunostripsimmunostrips

: mostly based on heterogeneous sandwich immunoassay (EIA): mostly based on heterogeneous sandwich immunoassay (EIA)

: originated in usage of : originated in usage of immunostripsimmunostrips
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immunochipsimmunochipsimmunochipsimmunochips

: further miniaturisation: further miniaturisation

: classical advantages of chip technology: classical advantages of chip technology

: further miniaturisation: further miniaturisation

: classical advantages of chip technology: classical advantages of chip technology

d Abd Ab

g p gyg p gyg p gyg p gy

sam
ples;

sam
ples;

secondary Absecondary Ab

wastewaste

; A
b

; A
b

grid with
immobilised Ag
grid with
immobilised Ag

bufferbuffer

: : OptoLabCard+SkinpatchOptoLabCard+Skinpatch
:: lab:: lab--onon--foilfoil

: : OptoLabCard+SkinpatchOptoLabCard+Skinpatch
:: lab:: lab--onon--foilfoil

⇒⇒ The The SmartBioPhoneSmartBioPhoneTMTM⇒⇒ The The SmartBioPhoneSmartBioPhoneTMTM
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immunohistochemistryimmunohistochemistry

immunocytochemistryimmunocytochemistry

biopsybiopsy

application of immunologic methods to study application of immunologic methods to study 
tissues and isolated cellstissues and isolated cells

application of immunologic methods to study application of immunologic methods to study 
tissues and isolated cellstissues and isolated cells

N2 (l )N2 (l )

freezingfreezing

: tumour or pathogenic changes detection: tumour or pathogenic changes detection: tumour or pathogenic changes detection: tumour or pathogenic changes detection

cryostatic slicingcryostatic slicingthickness 4 – 8 μmthickness 4 – 8 μm

mostly mostly flurophoreflurophore, metal or enzyme labelling, metal or enzyme labelling
: direct, indirect, indirect three: direct, indirect, indirect three--stage (stage (AbAb--„bridge“) „bridge“) –– signal amplification signal amplification 
mostly mostly flurophoreflurophore, metal or enzyme labelling, metal or enzyme labelling
: direct, indirect, indirect three: direct, indirect, indirect three--stage (stage (AbAb--„bridge“) „bridge“) –– signal amplification signal amplification 

y gy gμμ

Ab3*Ab3*

ALPaseALPase + chromogenic
substrate
+ chromogenic
substrate

Ab *Ab *

BB SS POXPOX

+ chromogenic
substrate
+ chromogenic
substrate

Ab1Ab1

Ab2
bridge
Ab2
bridgeAb1Ab1

Ab2*Ab2*

156156156156

APAAP method APAAP method APAAP method APAAP method BSPOX method BSPOX method 
B B –– biotin, S biotin, S –– streptavidinstreptavidin, POX , POX –– peroxidaseperoxidase

BSPOX method BSPOX method 
B B –– biotin, S biotin, S –– streptavidinstreptavidin, POX , POX –– peroxidaseperoxidase



application of immunologic methods to studyapplication of immunologic methods to study IS cellsIS cells
: detection of pathogenic changes in IS: detection of pathogenic changes in IS
application of immunologic methods to studyapplication of immunologic methods to study IS cellsIS cells
: detection of pathogenic changes in IS: detection of pathogenic changes in IS

mostly mostly AbAb flurophoreflurophore labellinglabelling
: flow: flow--cytometrycytometry
mostly mostly AbAb flurophoreflurophore labellinglabelling
: flow: flow--cytometrycytometry
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cellular
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protein analysisprotein analysis
in clinical biochemistryin clinical biochemistry
protein analysisprotein analysis
in clinical biochemistryin clinical biochemistry

VII.VII.VII.VII.

in clinical biochemistryin clinical biochemistryin clinical biochemistryin clinical biochemistry

protein structureprotein structureprotein structureprotein structure
primary structureprimary structure

primary structureprimary structure –– amino acid sequenceamino acid sequenceprimary structureprimary structure –– amino acid sequenceamino acid sequencesecondarysecondary primary structure primary structure –– amino acid sequenceamino acid sequence

secondary structuresecondary structure –– spontaneous assemblyspontaneous assembly

primary structure primary structure –– amino acid sequenceamino acid sequence

secondary structuresecondary structure –– spontaneous assemblyspontaneous assembly

secondary
structure
secondary
structure

tertiary structure tertiary structure –– 3D (induced by chaperonines)3D (induced by chaperonines)

ll

tertiary structure tertiary structure –– 3D (induced by chaperonines)3D (induced by chaperonines)

ll

β-sheetβ-sheet

α helixα helix quaternary structurequaternary structure –– supracomplexessupracomplexesquaternary structurequaternary structure –– supracomplexessupracomplexesα-helixα-helix

tertiary
structure
tertiary
structurestructurestructure

quaternary
structure
quaternary
structure
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specific specific –– determination of particular proteindetermination of particular protein
nonnon--specificspecific –– determination of total proteindetermination of total protein oror just one proteinjust one protein
specific specific –– determination of particular proteindetermination of particular protein
nonnon--specificspecific –– determination of total proteindetermination of total protein oror just one proteinjust one proteinnonnon specific specific determination of total protein determination of total protein oror just one proteinjust one proteinnonnon specific specific determination of total protein determination of total protein oror just one proteinjust one protein

nonnon--specific determinationsspecific determinationsnonnon--specific determinationsspecific determinations

Kjeldahl methodKjeldahl methodKjeldahl methodKjeldahl method

polypeptide polypeptide ⇒⇒ ammoniaammonia, p. content is defined as organic nitrogen, p. content is defined as organic nitrogenpolypeptide polypeptide ⇒⇒ ammoniaammonia, p. content is defined as organic nitrogen, p. content is defined as organic nitrogen

peptidepeptide

samplesample isis mineralisedmineralised byby concentratedconcentrated sulphuricsulphuric acidacid ininsamplesample isis mineralisedmineralised byby concentratedconcentrated sulphuricsulphuric acidacid inin
ammoniaammonia

samplesample isis mineralisedmineralised byby concentratedconcentrated sulphuricsulphuric acidacid inin
presencepresence ofof catalystcatalyst;; aminicaminic nitrogennitrogen ⇒⇒ ammoniumammonium
ionsions

samplesample isis mineralisedmineralised byby concentratedconcentrated sulphuricsulphuric acidacid inin
presencepresence ofof catalystcatalyst;; aminicaminic nitrogennitrogen ⇒⇒ ammoniumammonium
ionsions

ammoniumammonium ionsions areare turnedturned intointo ammoniaammonia byby heatingheating andand
areare collectedcollected byby distillationdistillation inin collectioncollection vessel,vessel, wherewhere itit isis
againagain turnedturned intointo ammoniumammonium ionsions

ammoniumammonium ionsions areare turnedturned intointo ammoniaammonia byby heatingheating andand
areare collectedcollected byby distillationdistillation inin collectioncollection vessel,vessel, wherewhere itit isis
againagain turnedturned intointo ammoniumammonium ionsions

collection
vessel

collection
vessel

againagain turnedturned intointo ammoniumammonium ionsions

ammoniumammonium ionsions areare determineddetermined byby neutralisationneutralisation
i ii i

againagain turnedturned intointo ammoniumammonium ionsions

ammoniumammonium ionsions areare determineddetermined byby neutralisationneutralisation
i ii i

159159159159
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spectrophotometric determination (SPEFO)spectrophotometric determination (SPEFO)spectrophotometric determination (SPEFO)spectrophotometric determination (SPEFO)

205205 260260 dd 280280205205 260260 dd 280280205205; ; 260260 and and 280280 nmnm
: : peptide bond; aromatic structurespeptide bond; aromatic structures
205205; ; 260260 and and 280280 nmnm
: : peptide bond; aromatic structurespeptide bond; aromatic structures

absorbance is influenced byabsorbance is influenced by
: secondary, tertiary and quaternary structures : secondary, tertiary and quaternary structures 
: factors such as pH, ionic strength : factors such as pH, ionic strength etc.etc.

absorbance is influenced byabsorbance is influenced by
: secondary, tertiary and quaternary structures : secondary, tertiary and quaternary structures 
: factors such as pH, ionic strength : factors such as pH, ionic strength etc.etc.p , gp , gp , gp , g

(un)known sample(un)known sample
:: calibration on BSAcalibration on BSA ⇒⇒ absorption coefficient at 205 or 280 nmabsorption coefficient at 205 or 280 nm
(un)known sample(un)known sample
:: calibration on BSAcalibration on BSA ⇒⇒ absorption coefficient at 205 or 280 nmabsorption coefficient at 205 or 280 nm: : calibration on BSA calibration on BSA ⇒⇒ absorption coefficient at 205 or 280 nmabsorption coefficient at 205 or 280 nm: : calibration on BSA calibration on BSA ⇒⇒ absorption coefficient at 205 or 280 nmabsorption coefficient at 205 or 280 nm

unknown sampleunknown sample with possible DNA contaminationwith possible DNA contaminationunknown sampleunknown sample with possible DNA contaminationwith possible DNA contaminationunknown sampleunknown sample with possible DNA contaminationwith possible DNA contamination
: : measurement at 260 and 280 nmmeasurement at 260 and 280 nm
: : concentration (mg/ml) = (1.55 x Aconcentration (mg/ml) = (1.55 x A280280) ) –– (0.76 x A(0.76 x A260260))

unknown sampleunknown sample with possible DNA contaminationwith possible DNA contamination
: : measurement at 260 and 280 nmmeasurement at 260 and 280 nm
: : concentration (mg/ml) = (1.55 x Aconcentration (mg/ml) = (1.55 x A280280) ) –– (0.76 x A(0.76 x A260260))

nonnon--invasiveinvasive (consumes no sample)(consumes no sample)nonnon--invasiveinvasive (consumes no sample)(consumes no sample)
: : imprecise, easy false positive results imprecise, easy false positive results –– contaminationcontamination: : imprecise, easy false positive results imprecise, easy false positive results –– contaminationcontamination

160160160160



SPEFO SPEFO –– biuret methodbiuret methodSPEFO SPEFO –– biuret methodbiuret method
: : invasive, time consuming, high sample consumptioninvasive, time consuming, high sample consumption: : invasive, time consuming, high sample consumptioninvasive, time consuming, high sample consumption

biuret agentbiuret agent::
25 g potassium sodium tartrate25 g potassium sodium tartrate
0.75 g copper sulphate 5H0.75 g copper sulphate 5H22OO

biuret agentbiuret agent::
25 g potassium sodium tartrate25 g potassium sodium tartrate
0.75 g copper sulphate 5H0.75 g copper sulphate 5H22OO0.75 g copper sulphate 5H0.75 g copper sulphate 5H22OO
1.25 g potassium iodide1.25 g potassium iodide

:: :: all in 100 ml 0.2 M NaOHall in 100 ml 0.2 M NaOH

0.75 g copper sulphate 5H0.75 g copper sulphate 5H22OO
1.25 g potassium iodide1.25 g potassium iodide

:: :: all in 100 ml 0.2 M NaOHall in 100 ml 0.2 M NaOH biuretbiuret
agentagent
biuretbiuret
agentagent glycineglycineglycineglycine

eggegg
whitewhite
eggegg

whitewhite
:: samplesample ofof 11 –– 1010 mg/mlmg/ml proteinprotein
:: calibrationcalibration onon BSABSA
:: addadd biuretbiuret agentagent stirstir andand letlet staystay forfor 2020 minmin

:: samplesample ofof 11 –– 1010 mg/mlmg/ml proteinprotein
:: calibrationcalibration onon BSABSA
:: addadd biuretbiuret agentagent stirstir andand letlet staystay forfor 2020 minmin

agentagentagentagent whitewhitewhitewhite

:: addadd biuretbiuret agent,agent, stirstir andand letlet staystay forfor 2020 minmin
:: absorbanceabsorbance atat 550550 nmnm
:: addadd biuretbiuret agent,agent, stirstir andand letlet staystay forfor 2020 minmin
:: absorbanceabsorbance atat 550550 nmnm

tartratetartrate –– solubility of Cu(II) in solubility of Cu(II) in alkalk. #. #
iodideiodide –– catalysis catalysis Cu(II)Cu(II)⇒⇒CuCu(I)(I) reduction reduction ??
tartratetartrate –– solubility of Cu(II) in solubility of Cu(II) in alkalk. #. #
iodideiodide –– catalysis catalysis Cu(II)Cu(II)⇒⇒CuCu(I)(I) reduction reduction ??

lipaemic lipaemic serum serum –– false positive resultsfalse positive resultslipaemic lipaemic serum serum –– false positive resultsfalse positive results

also these groups reactalso these groups reactalso these groups reactalso these groups reactalso these groups reactalso these groups react
––CONHCONH22, , ––C(NH)(NHC(NH)(NH22))–– and and ––CSNHCSNH22

also these groups reactalso these groups react
––CONHCONH22, , ––C(NH)(NHC(NH)(NH22))–– and and ––CSNHCSNH22
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SPEFO SPEFO –– Lowry methodLowry methodSPEFO SPEFO –– Lowry methodLowry method
: : variation on biuret methodvariation on biuret method: : variation on biuret methodvariation on biuret method

inin alkalialkali mediamedia withwith coppercopper ionsions
:: afterafter addingadding FolinFolin--CiocCiocââlteulteu reagentreagent,, itit bindsbinds toto protein,protein, thenthen isis slowlyslowly
reducedreduced toto heteropolymolybdeniteheteropolymolybdenite blueblue byby meansmeans ofof Cu(II)Cu(II) catalysedcatalysed oxidationoxidation

inin alkalialkali mediamedia withwith coppercopper ionsions
:: afterafter addingadding FolinFolin--CiocCiocââlteulteu reagentreagent,, itit bindsbinds toto protein,protein, thenthen isis slowlyslowly
reducedreduced toto heteropolymolybdeniteheteropolymolybdenite blueblue byby meansmeans ofof Cu(II)Cu(II) catalysedcatalysed oxidationoxidationreducedreduced toto heteropolymolybdeniteheteropolymolybdenite blueblue byby meansmeans ofof Cu(II)Cu(II)--catalysedcatalysed oxidationoxidation
ofof aromaticaromatic acidsacids;; colourcolour changeschanges yellowyellow toto blueblue
reducedreduced toto heteropolymolybdeniteheteropolymolybdenite blueblue byby meansmeans ofof Cu(II)Cu(II)--catalysedcatalysed oxidationoxidation
ofof aromaticaromatic acidsacids;; colourcolour changeschanges yellowyellow toto blueblue

: 100: 100 μμl sample + 1 0 ml Lowry reagent (alkalil sample + 1 0 ml Lowry reagent (alkali CuSOCuSO44)): 100: 100 μμl sample + 1 0 ml Lowry reagent (alkalil sample + 1 0 ml Lowry reagent (alkali CuSOCuSO44)): 100 : 100 μμl sample + 1.0 ml Lowry reagent (alkalil sample + 1.0 ml Lowry reagent (alkali CuSOCuSO44) ) 
: incubation 30 min at 25 : incubation 30 min at 25 °°C C 
: + 100 ml of Folin: + 100 ml of Folin--Ciocâlteu reagentCiocâlteu reagent
: incubation 30 min at 25: incubation 30 min at 25 °°CC

: 100 : 100 μμl sample + 1.0 ml Lowry reagent (alkalil sample + 1.0 ml Lowry reagent (alkali CuSOCuSO44) ) 
: incubation 30 min at 25 : incubation 30 min at 25 °°C C 
: + 100 ml of Folin: + 100 ml of Folin--Ciocâlteu reagentCiocâlteu reagent
: incubation 30 min at 25: incubation 30 min at 25 °°CC FolinFolin--CCiocâlteuiocâlteuFolinFolin--CCiocâlteuiocâlteu: incubation 30 min at 25 : incubation 30 min at 25 CC
: absorbance at 595 nm: absorbance at 595 nm
: incubation 30 min at 25 : incubation 30 min at 25 CC
: absorbance at 595 nm: absorbance at 595 nm

FolinFolin--CCiocâlteuiocâlteu
750750 mmll waterwater;; 100100 gg NaNa22WOWO44;; 2525 gg
NaNa22MoOMoO44;;5050 mmll 8585%% phosphoricphosphoric acidacid;; 100100 mmll
cconconc HClHCl 150150 gg LiLi SOSO ++ fefe d opsd ops ofof BB

FolinFolin--CCiocâlteuiocâlteu
750750 mmll waterwater;; 100100 gg NaNa22WOWO44;; 2525 gg
NaNa22MoOMoO44;;5050 mmll 8585%% phosphoricphosphoric acidacid;; 100100 mmll
cconconc HClHCl 150150 gg LiLi SOSO ++ fefe d opsd ops ofof BB

proteins are different, calibration on BSA is not sufficient proteins are different, calibration on BSA is not sufficient proteins are different, calibration on BSA is not sufficient proteins are different, calibration on BSA is not sufficient 

cconconc.. HClHCl;; 150150 gg LiLi22SOSO44 ++ fewfew dropsdrops ofof BrBr22cconconc.. HClHCl;; 150150 gg LiLi22SOSO44 ++ fewfew dropsdrops ofof BrBr22

interferentsinterferents::
barbiturate,barbiturate, CAPS,CAPS, CsClCsCl22,, citrate,citrate, cysteine,cysteine, diethanolamine,diethanolamine, dithiothreitol,dithiothreitol, EDTA,EDTA,
EGTAEGTA HEPESHEPES t th lt th l N id tN id t PP 4040 h lh l l i l lidl i l lid

interferentsinterferents::
barbiturate,barbiturate, CAPS,CAPS, CsClCsCl22,, citrate,citrate, cysteine,cysteine, diethanolamine,diethanolamine, dithiothreitol,dithiothreitol, EDTA,EDTA,
EGTAEGTA HEPESHEPES t th lt th l N id tN id t PP 4040 h lh l l i l lidl i l lidEGTA,EGTA, HEPES,HEPES, mercaptoethanol,mercaptoethanol, NonidetNonidet PP--4040,, phenol,phenol, polyvinylpyrrolidon,polyvinylpyrrolidon,
sodiumsodium deoxycholate,deoxycholate, sodiumsodium salicylate,salicylate, thimerosol,thimerosol, Tricin,Tricin, TRISTRIS andand TritonTriton XX--
100100

EGTA,EGTA, HEPES,HEPES, mercaptoethanol,mercaptoethanol, NonidetNonidet PP--4040,, phenol,phenol, polyvinylpyrrolidon,polyvinylpyrrolidon,
sodiumsodium deoxycholate,deoxycholate, sodiumsodium salicylate,salicylate, thimerosol,thimerosol, Tricin,Tricin, TRISTRIS andand TritonTriton XX--
100100 162162162162



SPEFO SPEFO –– modified/Smithmodified/Smith--Lowry methodLowry methodSPEFO SPEFO –– modified/Smithmodified/Smith--Lowry methodLowry method

: similar procedure as for Lowry method: similar procedure as for Lowry method
: absorbance at 562 nm: absorbance at 562 nm
: similar procedure as for Lowry method: similar procedure as for Lowry method
: absorbance at 562 nm: absorbance at 562 nm: absorbance at 562 nm: absorbance at 562 nm
: sensitivity not higher, but lowered influence of contaminants: sensitivity not higher, but lowered influence of contaminants
: absorbance at 562 nm: absorbance at 562 nm
: sensitivity not higher, but lowered influence of contaminants: sensitivity not higher, but lowered influence of contaminants

method e sensiti e beca se of p ecise pipemethod e sensiti e beca se of p ecise pipetttingtingmethod e sensiti e beca se of p ecise pipemethod e sensiti e beca se of p ecise pipetttingtingmethod very sensitive because of precise pipemethod very sensitive because of precise pipetttingtingmethod very sensitive because of precise pipemethod very sensitive because of precise pipetttingting

mechanismmechanismmechanismmechanism

protein + Cu2+protein + Cu2+
OH–OH–

Cu1+Cu1+

bbicinchoninicicinchoninic acid acid –– BCABCAbbicinchoninicicinchoninic acid acid –– BCABCA
BCA + Cu1+BCA + Cu1+ Cu1+Cu1+

BCA-Cu1+

complex
BCA-Cu1+

complex 163163163163



SPEFO SPEFO –– Bradford methodBradford methodSPEFO SPEFO –– Bradford methodBradford method

Δ absorbance of Coomassie Brilliant Blue GΔ absorbance of Coomassie Brilliant Blue G 250 after binding to protein250 after binding to proteinΔ absorbance of Coomassie Brilliant Blue GΔ absorbance of Coomassie Brilliant Blue G 250 after binding to protein250 after binding to proteinΔ absorbance of Coomassie Brilliant Blue GΔ absorbance of Coomassie Brilliant Blue G--250 after binding to protein 250 after binding to protein Δ absorbance of Coomassie Brilliant Blue GΔ absorbance of Coomassie Brilliant Blue G--250 after binding to protein 250 after binding to protein 

: : calibration on BSA (1 mg/ml)calibration on BSA (1 mg/ml): : calibration on BSA (1 mg/ml)calibration on BSA (1 mg/ml)ca b a o o S ( g/ )ca b a o o S ( g/ )
: : absorbance at 595 nm without incubationabsorbance at 595 nm without incubation

ca b a o o S ( g/ )ca b a o o S ( g/ )
: : absorbance at 595 nm without incubationabsorbance at 595 nm without incubation

not sensitive tonot sensitive to interferentsinterferentsnot sensitive tonot sensitive to interferentsinterferentsnot sensitive to not sensitive to interferentsinterferents,,
except for high conc. of except for high conc. of tensidestensides

i ifi t diff i t ii ifi t diff i t i tt t i b tit i b ti

not sensitive to not sensitive to interferentsinterferents,,
except for high conc. of except for high conc. of tensidestensides

i ifi t diff i t ii ifi t diff i t i tt t i b tit i b ti

other modifications of SPEFO methodother modifications of SPEFO methodother modifications of SPEFO methodother modifications of SPEFO method

significant difference in proteinsignificant difference in protein--toto--protein absorptionprotein absorption
⇒⇒ suitable calibration!suitable calibration!

significant difference in proteinsignificant difference in protein--toto--protein absorptionprotein absorption
⇒⇒ suitable calibration!suitable calibration!

colloid goldcolloid goldcolloid goldcolloid goldcolloid goldcolloid gold

AmidoblackAmidoblack

colloid goldcolloid gold

AmidoblackAmidoblack
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specific determinationsspecific determinations

AA / ti/ ti

specific determinationsspecific determinations

AA / ti/ ti
AAAA

AA. w/o separation. w/o separation
BB. w/ separation. w/ separation
AA. w/o separation. w/o separation
BB. w/ separation. w/ separationimmunoanalysisimmunoanalysis

t tt t

immunoanalysisimmunoanalysis

t tt tmass spectrometrymass spectrometry
peptide mass fingerprintingpeptide mass fingerprinting (PMF)(PMF)
mass spectrometrymass spectrometry
peptide mass fingerprintingpeptide mass fingerprinting (PMF)(PMF)

:: enzymatic cleavageenzymatic cleavage:: enzymatic cleavageenzymatic cleavage:: enzymatic cleavageenzymatic cleavage
protease; chemical agentsprotease; chemical agents

specific clea gespecific clea ge

:: enzymatic cleavageenzymatic cleavage
protease; chemical agentsprotease; chemical agents

specific clea gespecific clea ge:: specific cleavgespecific cleavge
(only at certain AA) (only at certain AA) –– trypsintrypsin
:: specific cleavgespecific cleavge
(only at certain AA) (only at certain AA) –– trypsintrypsin

:: in silicoin silico cleavage cleavage –– model cleavagemodel cleavage

:: comparison of comparison of in silicoin silico & & in vitroin vitro cleavagecleavage

:: in silicoin silico cleavage cleavage –– model cleavagemodel cleavage

:: comparison of comparison of in silicoin silico & & in vitroin vitro cleavagecleavagepp gg
statistical evaluation of matchstatistical evaluation of match
(MOWSE score)(MOWSE score)

pp gg
statistical evaluation of matchstatistical evaluation of match
(MOWSE score)(MOWSE score)

165165165165



protein protein sequencingsequencingprotein protein sequencingsequencing

:: enzymatic cleavageenzymatic cleavage –– proteaseprotease

:: specific cleavagespecific cleavage (only at certain AA)(only at certain AA) trypsintrypsin

:: enzymatic cleavageenzymatic cleavage –– proteaseprotease

:: specific cleavagespecific cleavage (only at certain AA)(only at certain AA) trypsintrypsin:: specific cleavagespecific cleavage (only at certain AA) (only at certain AA) –– trypsintrypsin

:: further cleavage in mass analyser (by field, by collision)further cleavage in mass analyser (by field, by collision)

:: specific cleavagespecific cleavage (only at certain AA) (only at certain AA) –– trypsintrypsin

:: further cleavage in mass analyser (by field, by collision)further cleavage in mass analyser (by field, by collision)

:: specific fragmentation of peptide bondspecific fragmentation of peptide bond:: specific fragmentation of peptide bondspecific fragmentation of peptide bond

166166166166



Edman sequencingEdman sequencingEdman sequencingEdman sequencing phenylisothiocyanatephenylisothiocyanate

separation of phenylthiohydantoine derivativesseparation of phenylthiohydantoine derivativesseparation of phenylthiohydantoine derivativesseparation of phenylthiohydantoine derivatives
N-terminus of peptideN-terminus of peptide

: : ionion--pairing HPLCpairing HPLC
: : RPRP--HPLCHPLC

CZECZE

: : ionion--pairing HPLCpairing HPLC
: : RPRP--HPLCHPLC

CZECZE: : CZECZE

other methods of identification other methods of identification –– melting pointmelting point

: : CZECZE

other methods of identification other methods of identification –– melting pointmelting point phenylthiocarbamoyl
derivative of peptide chain
phenylthiocarbamoyl
derivative of peptide chain

comparison Edman comparison Edman vsvs MSMScomparison Edman comparison Edman vsvs MSMS

MS advantages MS advantages –– low sample consumptionlow sample consumption
prepre--separation on PAGEseparation on PAGE

MS advantages MS advantages –– low sample consumptionlow sample consumption
prepre--separation on PAGEseparation on PAGE peptide chain

shorter of one unit
peptide chain
shorter of one unit

ES advantages ES advantages –– automatableautomatable
routine methodroutine method

ES advantages ES advantages –– automatableautomatable
routine methodroutine method

phenylthiohydantoine
derivative of R1

phenylthiohydantoine
derivative of R1
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BB
gel electrophoresisgel electrophoresis (PAGE(PAGE polyacrylamide gelpolyacrylamide gel elfoelfo))

BB
gel electrophoresisgel electrophoresis (PAGE(PAGE polyacrylamide gelpolyacrylamide gel elfoelfo))gel electrophoresisgel electrophoresis (PAGE (PAGE –– polyacrylamide gel polyacrylamide gel elfoelfo))gel electrophoresisgel electrophoresis (PAGE (PAGE –– polyacrylamide gel polyacrylamide gel elfoelfo))
: : separation in gel + suitable stainingseparation in gel + suitable staining

denaturing PAGEdenaturing PAGE –– SDS normalises charge, separation according to MSDS normalises charge, separation according to MWW

: : separation in gel + suitable stainingseparation in gel + suitable staining

denaturing PAGEdenaturing PAGE –– SDS normalises charge, separation according to MSDS normalises charge, separation according to MWWdenaturing PAGE denaturing PAGE SDS normalises charge, separation according to MSDS normalises charge, separation according to MWW
:: :: densitometrydensitometry
denaturing PAGE denaturing PAGE SDS normalises charge, separation according to MSDS normalises charge, separation according to MWW
:: :: densitometrydensitometry

t i i tt i i tt i i tt i i tstaining typesstaining typesstaining typesstaining types

: : silver staining silver staining –– not quantitativenot quantitative
:: Coomassie Brilliant BlueCoomassie Brilliant Blue –– semisemi--quantitativequantitative
: : silver staining silver staining –– not quantitativenot quantitative
:: Coomassie Brilliant BlueCoomassie Brilliant Blue –– semisemi--quantitativequantitative: : Coomassie Brilliant Blue Coomassie Brilliant Blue semisemi quantitativequantitative
: : SYPRO ruby SYPRO ruby –– quantitativequantitative
: : Coomassie Brilliant Blue Coomassie Brilliant Blue semisemi quantitativequantitative
: : SYPRO ruby SYPRO ruby –– quantitativequantitative

mass spectrometrymass spectrometrymass spectrometrymass spectrometrymass spectrometrymass spectrometry
: : quantitative using isotopically labelled internal standardquantitative using isotopically labelled internal standard
mass spectrometrymass spectrometry
: : quantitative using isotopically labelled internal standardquantitative using isotopically labelled internal standard

ill l t h iill l t h iill l t h iill l t h icapillary electrophoresiscapillary electrophoresis
HPLCHPLC
capillary electrophoresiscapillary electrophoresis
HPLCHPLC
: : UV detectionUV detection –– unsuitableunsuitable: : UV detectionUV detection –– unsuitableunsuitable
: : fluorescence detectionfluorescence detection –– precolumnprecolumn derivatisationderivatisation::

dansyldansyl chloride, chloride, oo --phthaldialdehydephthaldialdehyde
: : fluorescence detectionfluorescence detection –– precolumnprecolumn derivatisationderivatisation::

dansyldansyl chloride, chloride, oo --phthaldialdehydephthaldialdehyde
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enzyme analysisenzyme analysisenzyme analysisenzyme analysis
enzyme ~ biocatalystenzyme ~ biocatalystenzyme ~ biocatalystenzyme ~ biocatalyst

holoenzyme coenzyme (cofactor) + apoenzymeholoenzyme coenzyme (cofactor) + apoenzymeholoenzyme coenzyme (cofactor) + apoenzymeholoenzyme coenzyme (cofactor) + apoenzymeholoenzyme = coenzyme (cofactor) + apoenzymeholoenzyme = coenzyme (cofactor) + apoenzymeholoenzyme = coenzyme (cofactor) + apoenzymeholoenzyme = coenzyme (cofactor) + apoenzyme

forms of one enzymeforms of one enzyme –– isoenzymesisoenzymesforms of one enzymeforms of one enzyme –– isoenzymesisoenzymes

E + S E + S ←→←→ EE––SS‡‡ ←→←→ ES ES ←→←→ EE––XX‡‡ ←→←→ EP EP ←→←→ EE––PP‡‡ ←→←→ E + PE + PE + S E + S ←→←→ EE––SS‡‡ ←→←→ ES ES ←→←→ EE––XX‡‡ ←→←→ EP EP ←→←→ EE––PP‡‡ ←→←→ E + PE + P

J]J]

E-X‡E-X‡

‡‡

active siteactive site

en
er

gy
 [

kJ
en

er
gy

 [
kJ

ESES
E-S‡E-S‡

E + SE + S

E-P‡E-P‡

EPEP E + PE + P

b t t (S) bi d i tb t t (S) bi d i t ti itti it ll b t t {ES}b t t {ES}b t t (S) bi d i tb t t (S) bi d i t ti itti it ll b t t {ES}b t t {ES}

reaction coordinatesreaction coordinates

E  SE  S EPEP E + PE + P

enzymeenzyme

substrate (S) binds into substrate (S) binds into active siteactive site ⇒⇒ complex enzymecomplex enzyme--substrate {ES}substrate {ES}
{ES} {ES} ⇒⇒ P; P; enzyme regeneratesenzyme regenerates
bond ESbond ES –– highly specific; depends on AA composition and cofactorshighly specific; depends on AA composition and cofactors

substrate (S) binds into substrate (S) binds into active siteactive site ⇒⇒ complex enzymecomplex enzyme--substrate {ES}substrate {ES}
{ES} {ES} ⇒⇒ P; P; enzyme regeneratesenzyme regenerates
bond ESbond ES –– highly specific; depends on AA composition and cofactorshighly specific; depends on AA composition and cofactors

enzyme effectenzyme effect –– catalytic activity; concentration of catalytic activitycatalytic activity; concentration of catalytic activityenzyme effectenzyme effect –– catalytic activity; concentration of catalytic activitycatalytic activity; concentration of catalytic activity
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enzymatic reaction inhibitionenzymatic reaction inhibitionenzymatic reaction inhibitionenzymatic reaction inhibition allosteric enzymesallosteric enzymesallosteric enzymesallosteric enzymes

inhibitorinhibitor

inhibitorinhibitor

uncompetitiveuncompetitiveuncompetitiveuncompetitive competitivecompetitivecompetitivecompetitive

inhibitorsinhibitors : specific and unspecific: specific and unspecific
ibl d i iblibl d i ibl

inhibitorsinhibitors : specific and unspecific: specific and unspecific
ibl d i iblibl d i ibl

activated enzymatic reactionsactivated enzymatic reactionsactivated enzymatic reactionsactivated enzymatic reactions

: reversible and irreversible: reversible and irreversible: reversible and irreversible: reversible and irreversible

inhibitorinhibitor

: : cationscations: : Ca(II), Mg(II), Zn(II)...Ca(II), Mg(II), Zn(II)...
ll( )( )

: : cationscations: : Ca(II), Mg(II), Zn(II)...Ca(II), Mg(II), Zn(II)...
ll( )( )

acompetitiveacompetitiveacompetitiveacompetitive

: : anions: anions: ClCl(I)(I)
: : organic substances: metabolic intermediates anorganic substances: metabolic intermediates andd hormoneshormones
: : anions: anions: ClCl(I)(I)
: : organic substances: metabolic intermediates anorganic substances: metabolic intermediates andd hormoneshormones
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mechanismmechanism ofof enzymaticenzymatic catalysiscatalysismechanismmechanism ofof enzymaticenzymatic catalysiscatalysis

: : general acidogeneral acido--basic catalysisbasic catalysis: : general acidogeneral acido--basic catalysisbasic catalysislock and keylock and keyactive
i

active
i bb

gg yygg yy
: : nucleophilic and electrophilic catalysisnucleophilic and electrophilic catalysis: : nucleophilic and electrophilic catalysisnucleophilic and electrophilic catalysis

kineti skineti s ofof en matien mati ea tionea tion // oneone SSkineti skineti s ofof en matien mati ea tionea tion // oneone SS

sitesite substratesubstrate

kineticskinetics ofof enzymaticenzymatic reactionreaction w/w/ oneone SSkineticskinetics ofof enzymaticenzymatic reactionreaction w/w/ oneone SS

E  +  S  E  +  S  ←→←→ ES (ES (→→ EP)EP) →→ E  +  P E  +  P E  +  S  E  +  S  ←→←→ ES (ES (→→ EP)EP) →→ E  +  P E  +  P 
kk11kk11

kkkk

kk22kk22induced fitinduced fitsubstratesubstrate

enzymeenzyme ES complexES complex enzymeenzyme productproduct

vv == –– d[S]d[S] // dtdt == kk11*[E]*[S]*[E]*[S] –– kk––11*[ES]*[ES]
vv == d[P]d[P] // dtdt == kk22*[ES]*[ES]
vv == –– d[S]d[S] // dtdt == kk11*[E]*[S]*[E]*[S] –– kk––11*[ES]*[ES]
vv == d[P]d[P] // dtdt == kk22*[ES]*[ES]

kk––11kk––11

enzymeenzyme ES complexES complex enzymeenzyme productproduct

vv == VVmama *[S] / (*[S] / (KKmm + [S])+ [S])vv == VVmama *[S] / (*[S] / (KKmm + [S])+ [S])

[ ][ ] 22 [ ][ ][ ][ ] 22 [ ][ ]
enzymeenzyme ES complexES complex enzymeenzyme productproduct

VmaxVmax vv   VVmaxmax [S] / ([S] / (KKmm + [S]) + [S]) vv   VVmaxmax [S] / ([S] / (KKmm + [S]) + [S]) 

MichaelisMichaelis--Menten equationMenten equationMichaelisMichaelis--Menten equationMenten equation
vv

VVmaxmax –– maximum ratemaximum rate

KK –– Michaelis constant;Michaelis constant;

VVmaxmax –– maximum ratemaximum rate

KK –– Michaelis constant;Michaelis constant;
KmKm

½ Vmax½ Vmax

KKm m –– Michaelis constant;Michaelis constant;
concentration of S, where concentration of S, where v = ½ Vv = ½ Vmaxmax

KKm m –– Michaelis constant;Michaelis constant;
concentration of S, where concentration of S, where v = ½ Vv = ½ Vmaxmax[S][S]00
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enzyme + substrate enzyme + substrate ⇒⇒enzyme + substrate enzyme + substrate ⇒⇒yy
⇒⇒ short period for ES establishment, so called short period for ES establishment, so called laglag--phasephase (induction period)(induction period)

[E] of enzyme decreases, [ES] increases up to steady state (ms)[E] of enzyme decreases, [ES] increases up to steady state (ms) ⇒⇒ [ES] =[ES] =

yy
⇒⇒ short period for ES establishment, so called short period for ES establishment, so called laglag--phasephase (induction period)(induction period)

[E] of enzyme decreases, [ES] increases up to steady state (ms)[E] of enzyme decreases, [ES] increases up to steady state (ms) ⇒⇒ [ES] =[ES] =[E] of enzyme decreases, [ES] increases up to steady state (ms) [E] of enzyme decreases, [ES] increases up to steady state (ms) ⇒⇒ [ES]  [ES]  
constconst., [P] = 0., [P] = 0
[E] of enzyme decreases, [ES] increases up to steady state (ms) [E] of enzyme decreases, [ES] increases up to steady state (ms) ⇒⇒ [ES]  [ES]  
constconst., [P] = 0., [P] = 0
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[S][S]
lag-phaselag-phase [P][P]

[ES][ES]

coco coco[P][P]

[ES][ES][E][E]
[E][E]

ki tiki tiki tiki ti

time [ms]time [ms]time [s]time [s]

enzyme kinetics                    enzyme kinetics                    zoomzoomenzyme kinetics                    enzyme kinetics                    zoomzoom
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reaction conditions influencereaction conditions influencereaction conditions influencereaction conditions influencetemperaturetemperaturetemperaturetemperature

: : range of temperature optima: 0 range of temperature optima: 0 –– 150 150 °°C C : : range of temperature optima: 0 range of temperature optima: 0 –– 150 150 °°C C 

:::: common range of temperature stability: 20common range of temperature stability: 20 –– 4040 °°CC:::: common range of temperature stability: 20common range of temperature stability: 20 –– 4040 °°CC:: :: common range of temperature stability: 20 common range of temperature stability: 20 40 40 C C :: :: common range of temperature stability: 20 common range of temperature stability: 20 40 40 C C 

k [s-1]k [s-1]
toto increaseincrease temperaturetemperature stabilitystability

:::: carriercarrier immobilisationimmobilisation;;
:::: biotechnologicalbiotechnological // geneticgenetic engineeringengineering

toto increaseincrease temperaturetemperature stabilitystability
:::: carriercarrier immobilisationimmobilisation;;
:::: biotechnologicalbiotechnological // geneticgenetic engineeringengineering

20002000

gg // gg g gg g

enzymaticenzymatic reactionreaction raterate –– ArrheniusArrhenius lawlaw

gg // gg g gg g

enzymaticenzymatic reactionreaction raterate –– ArrheniusArrhenius lawlaw
10001000

pHpHpHpH

i b b d lit f ( K) di i bli b b d lit f ( K) di i bli b b d lit f ( K) di i bli b b d lit f ( K) di i bl

temperature [°C]temperature [°C]
1515 2525 4545

given by number and quality of (pK) dissociable groups given by number and quality of (pK) dissociable groups given by number and quality of (pK) dissociable groups given by number and quality of (pK) dissociable groups 

:: pH optimum of enzyme with synthetic substratespH optimum of enzyme with synthetic substrates in vitroin vitro:: pH optimum of enzyme with synthetic substratespH optimum of enzyme with synthetic substrates in vitroin vitro: : pH optimum of enzyme with synthetic substrates pH optimum of enzyme with synthetic substrates in vitroin vitro
:: :: is different from pH optimum for enzyme is different from pH optimum for enzyme in vivoin vivo

: : pH optimum of enzyme with synthetic substrates pH optimum of enzyme with synthetic substrates in vitroin vitro
:: :: is different from pH optimum for enzyme is different from pH optimum for enzyme in vivoin vivo
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bufferbufferbufferbuffer: : often important for not only pH optimum setoften important for not only pH optimum set--upup
:::: synergic effectsynergic effect of bufferof buffer –– effect cummulationeffect cummulation

: : often important for not only pH optimum setoften important for not only pH optimum set--upup
:::: synergic effectsynergic effect of bufferof buffer –– effect cummulationeffect cummulation:: :: synergic effectsynergic effect of buffer of buffer –– effect cummulation effect cummulation :: :: synergic effectsynergic effect of buffer of buffer –– effect cummulation effect cummulation 

: : simple bufferssimple buffers
: : ampholytes ampholytes 
: : simple bufferssimple buffers
: : ampholytes ampholytes buffer as second enzyme substratebuffer as second enzyme substratebuffer as second enzyme substratebuffer as second enzyme substratebu e as seco d e y e subs a ebu e as seco d e y e subs a ebu e as seco d e y e subs a ebu e as seco d e y e subs a e

catalytic concentration determination for alkalic phosphatase (ALP)catalytic concentration determination for alkalic phosphatase (ALP)catalytic concentration determination for alkalic phosphatase (ALP)catalytic concentration determination for alkalic phosphatase (ALP)

enzyme activity fundamentally depends on buffer typeenzyme activity fundamentally depends on buffer typeenzyme activity fundamentally depends on buffer typeenzyme activity fundamentally depends on buffer typeenzyme activity fundamentally depends on buffer typeenzyme activity fundamentally depends on buffer type
: : carbonatecarbonate –– ALP works as hydrolase ALP works as hydrolase 
: : aminoamino alcoholalcohol –– ALP works as phosphateALP works as phosphate transferasetransferase

enzyme activity fundamentally depends on buffer typeenzyme activity fundamentally depends on buffer type
: : carbonatecarbonate –– ALP works as hydrolase ALP works as hydrolase 
: : aminoamino alcoholalcohol –– ALP works as phosphateALP works as phosphate transferasetransferase

aminoamino alcohol buffer is simultaneously the second enzyme substratealcohol buffer is simultaneously the second enzyme substrateaminoamino alcohol buffer is simultaneously the second enzyme substratealcohol buffer is simultaneously the second enzyme substrate

catalytic concentration determination for γcatalytic concentration determination for γ--glutamylglutamyl transferase (GMT)transferase (GMT)

amino acid is the second enzyme substrate as glutamyl group acceptoramino acid is the second enzyme substrate as glutamyl group acceptor

catalytic concentration determination for γcatalytic concentration determination for γ--glutamylglutamyl transferase (GMT)transferase (GMT)

amino acid is the second enzyme substrate as glutamyl group acceptoramino acid is the second enzyme substrate as glutamyl group acceptory g y g p py g y g p p

:: :: without amino acid without amino acid –– GMT works only as hydrolaseGMT works only as hydrolase
:: :: optimal second substrate optimal second substrate –– glycylglycyl--glycineglycine

l ll l b ffb ff fl Gfl G f Gf G

y g y g p py g y g p p

:: :: without amino acid without amino acid –– GMT works only as hydrolaseGMT works only as hydrolase
:: :: optimal second substrate optimal second substrate –– glycylglycyl--glycineglycine

l ll l b ffb ff fl Gfl G f Gf G:: :: simultaneouslysimultaneously bufferbuffer + synergic influence on GMT; + synergic influence on GMT; pKpKaa ~ opt. pH for GMT~ opt. pH for GMT:: :: simultaneouslysimultaneously bufferbuffer + synergic influence on GMT; + synergic influence on GMT; pKpKaa ~ opt. pH for GMT~ opt. pH for GMT
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bufferbuffer asas specificspecific moderatormoderator withwith enzymeenzyme determinationdeterminationbufferbuffer asas specificspecific moderatormoderator withwith enzymeenzyme determinationdetermination

turbidimetricturbidimetric enzymaticenzymatic determinationdetermination ofof fibrinogenfibrinogen usingusing proteolyticproteolytic enzymeenzyme
batroxobinebatroxobine
turbidimetricturbidimetric enzymaticenzymatic determinationdetermination ofof fibrinogenfibrinogen usingusing proteolyticproteolytic enzymeenzyme
batroxobinebatroxobine

:::: reactionreaction raterate specificallyspecifically increasedincreased inin presencepresence ofof glycylglycyl--glycineglycine inin caca 8080 %%
:::: enzymaticenzymatic reactionreaction hashas pHpHoptopt == 88,, ~~ pKpKaa glycylglycyl--glycineglycine ⇒⇒ simultaneouslysimultaneously
:::: reactionreaction raterate specificallyspecifically increasedincreased inin presencepresence ofof glycylglycyl--glycineglycine inin caca 8080 %%
:::: enzymaticenzymatic reactionreaction hashas pHpHoptopt == 88,, ~~ pKpKaa glycylglycyl--glycineglycine ⇒⇒ simultaneouslysimultaneously:::: enzymaticenzymatic reactionreaction hashas pHpHoptopt 88,, pKpKaa glycylglycyl glycineglycine ⇒⇒ simultaneouslysimultaneously

bufferbuffer andand activator,activator, synergicsynergic effecteffect
:::: enzymaticenzymatic reactionreaction hashas pHpHoptopt 88,, pKpKaa glycylglycyl glycineglycine ⇒⇒ simultaneouslysimultaneously

bufferbuffer andand activator,activator, synergicsynergic effecteffect

bufferbuffer asas unspecificunspecific reactionreaction moderatormoderatorbufferbuffer asas unspecificunspecific reactionreaction moderatormoderator

enzymaticenzymatic determinationdetermination ofof glucoseglucose usingusing glucoseglucose oxidaseoxidase (GOD),(GOD), peroxidaseperoxidase
andand oxidativeoxidative copulationcopulation
enzymaticenzymatic determinationdetermination ofof glucoseglucose usingusing glucoseglucose oxidaseoxidase (GOD),(GOD), peroxidaseperoxidase
andand oxidativeoxidative copulationcopulation

:::: TRISTRIS:: reactionreaction idid slowslow andand slowslow isis alsoalso reachingreaching ofof thethe equilibriumequilibrium
:::: phosphatephosphate bufferbuffer:: reactionreaction raterate isis dramaticallydramatically increasedincreased andand equilibriumequilibrium isis
:::: TRISTRIS:: reactionreaction idid slowslow andand slowslow isis alsoalso reachingreaching ofof thethe equilibriumequilibrium
:::: phosphatephosphate bufferbuffer:: reactionreaction raterate isis dramaticallydramatically increasedincreased andand equilibriumequilibrium isis

reachedreached quicklyquicklyreachedreached quicklyquickly
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bufferbuffer asas enzymeenzyme activityactivity stabiliserstabiliserbufferbuffer asas enzymeenzyme activityactivity stabiliserstabiliserbufferbuffer asas enzymeenzyme activityactivity stabiliserstabiliser

ureaurea determinationdetermination byby ureaseurease

bufferbuffer asas enzymeenzyme activityactivity stabiliserstabiliser

ureaurea determinationdetermination byby ureaseurease

:::: ––SHSH groupgroup inin activeactive sitesite ⇒⇒ buffersbuffers combiningcombining EDTAEDTA (acidic(acidic bufferbuffer
component)component) withwith differentdifferent basesbases;; EDTAEDTA shieldsshields enzymeenzyme beforebefore inactivationinactivation byby
:::: ––SHSH groupgroup inin activeactive sitesite ⇒⇒ buffersbuffers combiningcombining EDTAEDTA (acidic(acidic bufferbuffer
component)component) withwith differentdifferent basesbases;; EDTAEDTA shieldsshields enzymeenzyme beforebefore inactivationinactivation byby
heavyheavy metalmetal tracestracesheavyheavy metalmetal tracestraces

bufferbuffer asas problemproblem sourcesource inin enzymeenzyme analysisanalysis

determinationsdeterminations usingusing ALPALP

bufferbuffer asas problemproblem sourcesource inin enzymeenzyme analysisanalysis

determinationsdeterminations usingusing ALPALPdeterminationsdeterminations usingusing ALPALP

:::: diethanolaminediethanolamine andand aminomethylaminomethyl propanolpropanol:: deterrentdeterrent bufferbuffer examplesexamples
:::::: honeyhoney likelike substancessubstances unableunable toto crystallisecrystallise andand difficultdifficult toto purifypurify

determinationsdeterminations usingusing ALPALP

:::: diethanolaminediethanolamine andand aminomethylaminomethyl propanolpropanol:: deterrentdeterrent bufferbuffer examplesexamples
:::::: honeyhoney likelike substancessubstances unableunable toto crystallisecrystallise andand difficultdifficult toto purifypurify:::::: honeyhoney--likelike substances,substances, unableunable toto crystallisecrystallise andand difficultdifficult toto purifypurify
:::::: containcontain impuritiesimpurities interferinginterfering ALPALP determinations,determinations, whichwhich isis

metalloproteinmetalloprotein;; complexationcomplexation ofof Zn(II)Zn(II) cationscations inin activeactive sitesite ofof ALPALP

:::::: honeyhoney--likelike substances,substances, unableunable toto crystallisecrystallise andand difficultdifficult toto purifypurify
:::::: containcontain impuritiesimpurities interferinginterfering ALPALP determinations,determinations, whichwhich isis

metalloproteinmetalloprotein;; complexationcomplexation ofof Zn(II)Zn(II) cationscations inin activeactive sitesite ofof ALPALP
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moderatormoderatormoderatormoderator

activators or inhibitorsactivators or inhibitors

inhibitor as an analyteinhibitor as an analyte : degree of inhibition points to inhibitor concentration: degree of inhibition points to inhibitor concentration

activators or inhibitorsactivators or inhibitors

inhibitor as an analyteinhibitor as an analyte : degree of inhibition points to inhibitor concentration: degree of inhibition points to inhibitor concentration

substratesubstratesubstratesubstrate

yy g pg pyy g pg p

substratesubstratesubstratesubstrate

practical reasons practical reasons ⇒⇒ synthetic substratessynthetic substrates
:: structurally defined, industrial manufacturingstructurally defined, industrial manufacturing
practical reasons practical reasons ⇒⇒ synthetic substratessynthetic substrates
:: structurally defined, industrial manufacturingstructurally defined, industrial manufacturing: : structurally defined, industrial manufacturingstructurally defined, industrial manufacturing: : structurally defined, industrial manufacturingstructurally defined, industrial manufacturing

: : substrate with substrate with autoauto--indicationindication properties properties : : substrate with substrate with autoauto--indicationindication properties properties 

44--nitrophenyl phosphate  nitrophenyl phosphate  ALPALP>> 44--nitrophenolnitrophenol44--nitrophenyl phosphate  nitrophenyl phosphate  ALPALP>> 44--nitrophenolnitrophenol

:: substratesubstrate ⇒⇒ product,product, whichwhich isis substratesubstrate ofof indicatorindicator reactionreaction:: substratesubstrate ⇒⇒ product,product, whichwhich isis substratesubstrate ofof indicatorindicator reactionreaction

11 ht l h h tht l h h t ACPACP>> 11 ht lht l 44 i ti ii ti i11 ht l h h tht l h h t ACPACP>> 11 ht lht l 44 i ti ii ti i11--naphtyl phosphate  naphtyl phosphate  ACPACP>> 11--naphtyl naphtyl + + 44--aminoantipyrinaminoantipyrin
⇒⇒ quinonequinone monoiminemonoimine

11--naphtyl phosphate  naphtyl phosphate  ACPACP>> 11--naphtyl naphtyl + + 44--aminoantipyrinaminoantipyrin
⇒⇒ quinonequinone monoiminemonoimine
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enzymes as analytesenzymes as analytesenzymes as analytesenzymes as analytes
determination of determination of KKmm and and VVmaxmaxdetermination of determination of KKmm and and VVmaxmax

linearised Michaelislinearised Michaelis--Menten equation according to Lineweaver and Burk Menten equation according to Lineweaver and Burk linearised Michaelislinearised Michaelis--Menten equation according to Lineweaver and Burk Menten equation according to Lineweaver and Burk 

1 / v1 / v1/1/vv = 1/= 1/VVmaxmax + + KKmm /(/( [S][S]VVmaxmax) ) 1/1/vv = 1/= 1/VVmaxmax + + KKmm /(/( [S][S]VVmaxmax) ) 1 / v1 / v

alkalic phosphatase (ALP)alkalic phosphatase (ALP)

absorbance at 400 nm absorbance at 400 nm ΔΔAA/min/min

alkalic phosphatase (ALP)alkalic phosphatase (ALP)

absorbance at 400 nm absorbance at 400 nm ΔΔAA/min/min
tg α = KM / Vmaxtg α = KM / Vmax

1 / Vmax1 / Vmax

– 1 / KM– 1 / KM

//

incubation mixtureincubation mixture
: : ALP + substrate 4ALP + substrate 4--nitrophenyl phosphatenitrophenyl phosphate

lk li dilk li di

//

incubation mixtureincubation mixture
: : ALP + substrate 4ALP + substrate 4--nitrophenyl phosphatenitrophenyl phosphate

lk li dilk li di

1 / [S]1 / [S]

: : alkali mediumalkali medium
: : buffer Nbuffer N--methylmethyl--DD--glucamine, pH 10.1 at 37 glucamine, pH 10.1 at 37 OOCC

incubation mixture contains always the same amount of enzyme and buffer itincubation mixture contains always the same amount of enzyme and buffer it

: : alkali mediumalkali medium
: : buffer Nbuffer N--methylmethyl--DD--glucamine, pH 10.1 at 37 glucamine, pH 10.1 at 37 OOCC

incubation mixture contains always the same amount of enzyme and buffer itincubation mixture contains always the same amount of enzyme and buffer itincubation mixture contains always the same amount of enzyme and buffer, it incubation mixture contains always the same amount of enzyme and buffer, it 
is is started by substrate, which concentration is gradually increasedstarted by substrate, which concentration is gradually increased

: : ΔΔA A measured between 30 and 120 s after startmeasured between 30 and 120 s after start

incubation mixture contains always the same amount of enzyme and buffer, it incubation mixture contains always the same amount of enzyme and buffer, it 
is is started by substrate, which concentration is gradually increasedstarted by substrate, which concentration is gradually increased

: : ΔΔA A measured between 30 and 120 s after startmeasured between 30 and 120 s after start

KKmm and and VVmaxmax estimation may be done in graph of linearised equation estimation may be done in graph of linearised equation KKmm and and VVmaxmax estimation may be done in graph of linearised equation estimation may be done in graph of linearised equation 
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enzymesenzymes asas analyticalanalytical agentsagentsenzymesenzymes asas analyticalanalytical agentsagents

enzymeenzyme
:: fast elegant highly specific chemical reaction under mild conditionsfast elegant highly specific chemical reaction under mild conditions
enzymeenzyme
:: fast elegant highly specific chemical reaction under mild conditionsfast elegant highly specific chemical reaction under mild conditions: : fast, elegant, highly specific chemical reaction under mild conditionsfast, elegant, highly specific chemical reaction under mild conditions: : fast, elegant, highly specific chemical reaction under mild conditionsfast, elegant, highly specific chemical reaction under mild conditions

uricaseuricase
t i id i t ll t it i id i t ll t i

uricaseuricase
t i id i t ll t it i id i t ll t irb

an
ce

rb
an

ce

: : turns uric acid into allantointurns uric acid into allantoin

11 –– uricaseuricase ofof bovinebovine liverliver

: : turns uric acid into allantointurns uric acid into allantoin

11 –– uricaseuricase ofof bovinebovine liverliver

ab
so

r
ab

so
r

22 –– uricaseuricase ofof AspergillusAspergillus flavusflavus
33 –– uricaseuricase ofof CandidaCandida utilisutilis
22 –– uricaseuricase ofof AspergillusAspergillus flavusflavus
33 –– uricaseuricase ofof CandidaCandida utilisutilis

activity [μkat.l-1]activity [μkat.l-1]
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ways of measuring enzymways of measuring enzymeses and substratand substrateses including calibrationincluding calibrationways of measuring enzymways of measuring enzymeses and substratand substrateses including calibrationincluding calibration

: : analytical approach must be kineticanalytical approach must be kinetic
i di d ki i d i l Vi di d ki i d i l V

: : analytical approach must be kineticanalytical approach must be kinetic
i di d ki i d i l Vi di d ki i d i l V

catalyticcatalytic activityactivity concentrationconcentration ofof enzymenzymesescatalyticcatalytic activityactivity concentrationconcentration ofof enzymenzymeses

: : reaction according to zero order kinetics and maximal rate Vreaction according to zero order kinetics and maximal rate Vmaxmax: : reaction according to zero order kinetics and maximal rate Vreaction according to zero order kinetics and maximal rate Vmaxmax

constant concentration methodconstant concentration methodconstant concentration methodconstant concentration method
: : out of time necessary to reach specific concentration changeout of time necessary to reach specific concentration change: : out of time necessary to reach specific concentration changeout of time necessary to reach specific concentration change

constant time methodconstant time methodconstant time methodconstant time method
: : out of signal intensity reached in specific timeout of signal intensity reached in specific time: : out of signal intensity reached in specific timeout of signal intensity reached in specific time

constantconstant

sample sample 1 1 with higher andwith higher and 22 with lower activitywith lower activity
vertical linesvertical lines

sample sample 1 1 with higher andwith higher and 22 with lower activitywith lower activity
vertical linesvertical linesen

si
ty

en
si

ty

timetime

: : constant time methodconstant time method
horizontal lineshorizontal lines

:: constant concentration methodconstant concentration method

: : constant time methodconstant time method
horizontal lineshorizontal lines

:: constant concentration methodconstant concentration methodsi
gn

al
 in

te
si

gn
al

 in
te

constant
concentration
constant
concentration

: : constant concentration methodconstant concentration method: : constant concentration methodconstant concentration method

timetime
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calibrationcalibrationcalibrationcalibration

enzymeenzyme asas analyteanalyte –– definitiondefinition ofof catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzymeenzymeenzyme asas analyteanalyte –– definitiondefinition ofof catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzymeenzymeenzyme asas analyteanalyte definitiondefinition ofof catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzyme
byby meansmeans ofof product/s/,product/s/, whichwhich is/areis/are createdcreated byby enzymaticenzymatic transformationtransformation ofof
respectiverespective substratesubstrate oror byby measuringmeasuring itsits decreasedecrease

enzymeenzyme asas analyteanalyte definitiondefinition ofof catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzyme
byby meansmeans ofof product/s/,product/s/, whichwhich is/areis/are createdcreated byby enzymaticenzymatic transformationtransformation ofof
respectiverespective substratesubstrate oror byby measuringmeasuring itsits decreasedecrease

enzymeenzyme asas analyticalanalytical agentagent –– calibrationcalibration isis donedone usingusing standardstandard solutionsolution
usedused insteadinstead ofof samplesample
enzymeenzyme asas analyticalanalytical agentagent –– calibrationcalibration isis donedone usingusing standardstandard solutionsolution
usedused insteadinstead ofof samplesample

calibrantscalibrantscalibrantscalibrants

:: certifiedcertified referencereference materialsmaterials (CRM)(CRM):: certifiedcertified referencereference materialsmaterials (CRM)(CRM)

:: serumserum calibratorscalibrators (lyophilised(lyophilised serasera enrichedenriched byby respectiverespective analytes),analytes), theirtheir
contentcontent isis determineddetermined byby definitivedefinitive oror referencereference methods,methods, ifif available,available, oror usingusing
primaryprimary standardsstandards

:: serumserum calibratorscalibrators (lyophilised(lyophilised serasera enrichedenriched byby respectiverespective analytes),analytes), theirtheir
contentcontent isis determineddetermined byby definitivedefinitive oror referencereference methods,methods, ifif available,available, oror usingusing
primaryprimary standardsstandardsprimaryprimary standardsstandardsprimaryprimary standardsstandards
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briefbrief principlesprinciples ofof enzymeenzyme analyticsanalyticsbriefbrief principlesprinciples ofof enzymeenzyme analyticsanalytics

constantconstant temperaturetemperature ofof incubationincubation mixturemixture ±± 00..11 °°CC ((3737 ±± 00..11 °°C)C)

d i id i i bb ll ( )( ) b ffb ff dd

constantconstant temperaturetemperature ofof incubationincubation mixturemixture ±± 00..11 °°CC ((3737 ±± 00..11 °°C)C)

d i id i i bb ll ( )( ) b ffb ff ddenzymeenzyme determinationdetermination:: incubationincubation mixturemixture –– samplesample (enzyme),(enzyme), bufferbuffer andand
otherother needfulneedful componentscomponents ofof reactionreaction;; startedstarted byby solutionsolution ofof thermostatedthermostated
substratesubstrate

enzymeenzyme determinationdetermination:: incubationincubation mixturemixture –– samplesample (enzyme),(enzyme), bufferbuffer andand
otherother needfulneedful componentscomponents ofof reactionreaction;; startedstarted byby solutionsolution ofof thermostatedthermostated
substratesubstrate
:: starterstarter volumevolume notnot >>11//2020 toto 11//1010 ofof totaltotal volumevolume
:: substratesubstrate mustmust bebe inin sufficientsufficient surplussurplus >> caca 2020xx KKmm
:: startingstarting alsoalso byby samplesample (e(e..gg.. serum)serum)

:: starterstarter volumevolume notnot >>11//2020 toto 11//1010 ofof totaltotal volumevolume
:: substratesubstrate mustmust bebe inin sufficientsufficient surplussurplus >> caca 2020xx KKmm
:: startingstarting alsoalso byby samplesample (e(e..gg.. serum)serum):: startingstarting alsoalso byby samplesample (e(e..gg.. serum)serum)

substratesubstrate determinationdetermination:: asas inin 22),), startingstarting byby samplesample

:: startingstarting alsoalso byby samplesample (e(e..gg.. serum)serum)

substratesubstrate determinationdetermination:: asas inin 22),), startingstarting byby samplesample

catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzyme determinationdetermination:: calibrationcalibration asas
withinwithin definitiondefinition ofof catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzyme byby meansmeans ofof
productproduct whichwhich isis createdcreated byby enzymaticenzymatic transformationtransformation ofof respectiverespective substratesubstrate

catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzyme determinationdetermination:: calibrationcalibration asas
withinwithin definitiondefinition ofof catalyticcatalytic activityactivity concentrationconcentration ofof enzymeenzyme byby meansmeans ofof
productproduct whichwhich isis createdcreated byby enzymaticenzymatic transformationtransformation ofof respectiverespective substratesubstrateproductproduct,, whichwhich isis createdcreated byby enzymaticenzymatic transformationtransformation ofof respectiverespective substratesubstrate
oror byby serumserum calibratorscalibrators andand CRMCRM

b t tb t t titi d t i tid t i ti lib tilib ti bb t d dt d d l til ti ff

productproduct,, whichwhich isis createdcreated byby enzymaticenzymatic transformationtransformation ofof respectiverespective substratesubstrate
oror byby serumserum calibratorscalibrators andand CRMCRM

b t tb t t titi d t i tid t i ti lib tilib ti bb t d dt d d l til ti ffsubstratesubstrate enzymaticenzymatic determinationdetermination:: calibrationcalibration byby standardstandard solutionsolution ofof
substrate,substrate, oror CRMCRM andand serumserum calibratorscalibrators
substratesubstrate enzymaticenzymatic determinationdetermination:: calibrationcalibration byby standardstandard solutionsolution ofof
substrate,substrate, oror CRMCRM andand serumserum calibratorscalibrators
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optimisationoptimisation ofof enzymaticenzymatic approachesapproachesoptimisationoptimisation ofof enzymaticenzymatic approachesapproachespp yy pppp

reactionreaction mixturemixture –– multiplemultiple componentscomponents mutuallymutually influencinginfluencing eacheach other,other,
optimisationoptimisation byby soso--calledcalled relaxationrelaxation methodmethod (SVA)(SVA)

pp yy pppp

reactionreaction mixturemixture –– multiplemultiple componentscomponents mutuallymutually influencinginfluencing eacheach other,other,
optimisationoptimisation byby soso--calledcalled relaxationrelaxation methodmethod (SVA)(SVA)optimisationoptimisation byby soso calledcalled relaxationrelaxation methodmethod (SVA)(SVA)

:: gatheringgathering datadata onon enzymenzym(s)(s) includingincluding KKmm (estimation(estimation sufficient)sufficient)

optimisationoptimisation byby soso calledcalled relaxationrelaxation methodmethod (SVA)(SVA)

:: gatheringgathering datadata onon enzymenzym(s)(s) includingincluding KKmm (estimation(estimation sufficient)sufficient)

:: searchingsearching forfor mainmain parametersparameters ofof enzymeenzyme reactionreaction byby MVAMVA optimisationoptimisation
approachapproach

:: searchingsearching forfor mainmain parametersparameters ofof enzymeenzyme reactionreaction byby MVAMVA optimisationoptimisation
approachapproach

methodmethod –– validationvalidation ⇒⇒ fulfilsfulfils forfor givengiven aimaim thethe analyticalanalytical andand clinicalclinical demandsdemandsmethodmethod –– validationvalidation ⇒⇒ fulfilsfulfils forfor givengiven aimaim thethe analyticalanalytical andand clinicalclinical demandsdemands
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DNA analysisDNA analysis
i li i l bi h ii li i l bi h i
DNA analysisDNA analysis
i li i l bi h ii li i l bi h i

VIII.VIII.VIII.VIII.

oncologyoncologyoncologyoncology

in clinical biochemistryin clinical biochemistryin clinical biochemistryin clinical biochemistry

oncologyoncology

cancercancer diagnosticsdiagnostics
presencepresence ofof mRNAmRNA ofof markermarker proteinsproteins:: mRNAmRNA tyrosinasetyrosinase (melanoma),(melanoma), GAPDHGAPDH

oncologyoncology

cancercancer diagnosticsdiagnostics
presencepresence ofof mRNAmRNA ofof markermarker proteinsproteins:: mRNAmRNA tyrosinasetyrosinase (melanoma),(melanoma), GAPDHGAPDHpresencepresence ofof mRNAmRNA ofof markermarker proteinsproteins:: mRNAmRNA tyrosinasetyrosinase (melanoma),(melanoma), GAPDHGAPDH
(lung(lung cancer),cancer), EE--cadherincadherin (intestines),(intestines), AIBAIB11 receptorreceptor (pancreas),(pancreas),
hypermethylationhypermethylation ofof DNADNA (prostatic(prostatic cancer)cancer)

presencepresence ofof mRNAmRNA ofof markermarker proteinsproteins:: mRNAmRNA tyrosinasetyrosinase (melanoma),(melanoma), GAPDHGAPDH
(lung(lung cancer),cancer), EE--cadherincadherin (intestines),(intestines), AIBAIB11 receptorreceptor (pancreas),(pancreas),
hypermethylationhypermethylation ofof DNADNA (prostatic(prostatic cancer)cancer)

prenatalprenatal diagnosticsdiagnostics

inheritedinherited metabolicmetabolic oror neurodegenerativeneurodegenerative disordersdisorders

prenatalprenatal diagnosticsdiagnostics

inheritedinherited metabolicmetabolic oror neurodegenerativeneurodegenerative disordersdisordersgg
galactosemiagalactosemia,, phenylketonuriaphenylketonuria,, WilsonWilson disease,disease, MCADMCAD (disorder(disorder ofof ββ--oxidationoxidation
ofof fattyfatty acids),acids), FriedreichFriedreich ataxia,ataxia, fragilefragile XX chromosomechromosome syndromesyndrome etcetc..

gg
galactosemiagalactosemia,, phenylketonuriaphenylketonuria,, WilsonWilson disease,disease, MCADMCAD (disorder(disorder ofof ββ--oxidationoxidation
ofof fattyfatty acids),acids), FriedreichFriedreich ataxia,ataxia, fragilefragile XX chromosomechromosome syndromesyndrome etcetc..

legallegal medicinemedicine

identificationidentification byby meansmeans ofof soso--calledcalled geneticgenetic fingerprintsfingerprints

legallegal medicinemedicine

identificationidentification byby meansmeans ofof soso--calledcalled geneticgenetic fingerprintsfingerprints
kinshipkinship identificationidentification;; paternity,paternity, maternity,maternity, victimvictim oror culpritculprit identificationidentificationkinshipkinship identificationidentification;; paternity,paternity, maternity,maternity, victimvictim oror culpritculprit identificationidentification
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infectiousinfectious diseasesdiseases

proofproof ofof etiologicaletiological agentagent

infectiousinfectious diseasesdiseases

proofproof ofof etiologicaletiological agentagentproofproof ofof etiologicaletiological agentagent
:: virusvirus (HIV,(HIV, cytomegalovirus,cytomegalovirus, hepatitishepatitis virusesviruses B,B, C,C, enterovirus,enterovirus, adenovirus,adenovirus,
herpesherpes simplexsimplex virus)virus)

b t ib t i ((M b t iM b t i MM t b l it b l i Chl diChl di t h tit h ti

proofproof ofof etiologicaletiological agentagent
:: virusvirus (HIV,(HIV, cytomegalovirus,cytomegalovirus, hepatitishepatitis virusesviruses B,B, C,C, enterovirus,enterovirus, adenovirus,adenovirus,
herpesherpes simplexsimplex virus)virus)

b t ib t i ((M b t iM b t i MM t b l it b l i Chl diChl di t h tit h ti:: bacteriabacteria ((MycobacteriaMycobacteria,, espesp.. MM.. tuberculosistuberculosis,, ChlamydiaChlamydia trachomatistrachomatis,,
BordetellaBordetella pertussispertussis,, BorreliaeBorreliae,, NeisseriaNeisseria gonorrhoeaegonorrhoeae,, LegionellaLegionella pneumophilapneumophila))
:: fungifungi andand parasitesparasites ((CandidaeCandidae,, AspergillusAspergillus,, LeishmaniaLeishmania,, PlasmodiumPlasmodium,,

:: bacteriabacteria ((MycobacteriaMycobacteria,, espesp.. MM.. tuberculosistuberculosis,, ChlamydiaChlamydia trachomatistrachomatis,,
BordetellaBordetella pertussispertussis,, BorreliaeBorreliae,, NeisseriaNeisseria gonorrhoeaegonorrhoeae,, LegionellaLegionella pneumophilapneumophila))
:: fungifungi andand parasitesparasites ((CandidaeCandidae,, AspergillusAspergillus,, LeishmaniaLeishmania,, PlasmodiumPlasmodium,,
TrichomonasTrichomonas))

terrorismterrorism –– anthrax,anthrax, tularaemia,tularaemia, botulismbotulism etcetc..

TrichomonasTrichomonas))

terrorismterrorism –– anthrax,anthrax, tularaemia,tularaemia, botulismbotulism etcetc..

monitoringmonitoring ofof postpost--transplantationtransplantation statesstates

monitoringmonitoring ofof patientpatient statestate afterafter transplantationtransplantation

monitoringmonitoring ofof postpost--transplantationtransplantation statesstates

monitoringmonitoring ofof patientpatient statestate afterafter transplantationtransplantationmonitoringmonitoring ofof patientpatient statestate afterafter transplantationtransplantation
levellevel ofof cytomegaloviruscytomegalovirus andand herpesherpes viruses,viruses, DNADNA--chimerismchimerism

foodfood qualityquality monitoringmonitoring andand veterinaryveterinary medicinemedicine

monitoringmonitoring ofof patientpatient statestate afterafter transplantationtransplantation
levellevel ofof cytomegaloviruscytomegalovirus andand herpesherpes viruses,viruses, DNADNA--chimerismchimerism

foodfood qualityquality monitoringmonitoring andand veterinaryveterinary medicinemedicinefoodfood qualityquality monitoringmonitoring andand veterinaryveterinary medicinemedicine

pathogenpathogen monitoringmonitoring
mycobacteria,mycobacteria, echinococci,echinococci, rotaviruses,rotaviruses, PRRVSPRRVS andand BVDVBVDV virusesviruses withinwithin stockstock

foodfood qualityquality monitoringmonitoring andand veterinaryveterinary medicinemedicine

pathogenpathogen monitoringmonitoring
mycobacteria,mycobacteria, echinococci,echinococci, rotaviruses,rotaviruses, PRRVSPRRVS andand BVDVBVDV virusesviruses withinwithin stockstocky ,y , ,, ,,
animals,animals, helicobactershelicobacters inin milk,milk, EscherichiaEscherichia colicoli OO157157 mostlymostly inin beefbeef oror
enterovirusesenteroviruses generallygenerally inin foodfood andand drinkingdrinking waterwater

y ,y , ,, ,,
animals,animals, helicobactershelicobacters inin milk,milk, EscherichiaEscherichia colicoli OO157157 mostlymostly inin beefbeef oror
enterovirusesenteroviruses generallygenerally inin foodfood andand drinkingdrinking waterwater
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DNA structureDNA structureDNA structureDNA structure
primary structure primary structure –– sequencesequenceprimary structure primary structure –– sequencesequence

: : basebase = purines, pyrimidines= purines, pyrimidines
: : nucleosidenucleoside = base + (2‘= base + (2‘--deoxy)ribosedeoxy)ribose
: : basebase = purines, pyrimidines= purines, pyrimidines
: : nucleosidenucleoside = base + (2‘= base + (2‘--deoxy)ribosedeoxy)ribose

p yp y qqp yp y qq

(( y)y)
: : nucleotidenucleotide = nucleoside + 5‘= nucleoside + 5‘--phosphatephosphate

MP MP –– monophosphate, DP monophosphate, DP –– diphosphate, TP diphosphate, TP –– triphosphatetriphosphate

(( y)y)
: : nucleotidenucleotide = nucleoside + 5‘= nucleoside + 5‘--phosphatephosphate

MP MP –– monophosphate, DP monophosphate, DP –– diphosphate, TP diphosphate, TP –– triphosphatetriphosphate

adenine (A)adenine (A) guanine (G)guanine (G) cytosine (A)cytosine (A) thymine (A)thymine (A)

base Cbase C

adenine (A)adenine (A)

deoxycytidine (dC) R = Hdeoxycytidine (dC) R = Hdeoxycytidine (dC), R = Hdeoxycytidine (dC), R = H

5-methyldeoxycytidine (mdC): R = CH35-methyldeoxycytidine (mdC): R = CH3

deoxycytidine 3‘-5‘-diphosphate
(dCDP)

deoxycytidine 3‘-5‘-diphosphate
(dCDP)
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secondary structure secondary structure –– DNA doubleDNA double--helixhelixsecondary structure secondary structure –– DNA doubleDNA double--helixhelix

base pairingbase pairing (Watson(Watson--Crick)Crick)base pairingbase pairing (Watson(Watson--Crick)Crick)

G G –– CCG G –– CC
basebase

A A –– TTA A –– TT
adenine – thymineadenine – thyminebasebase

guanine – cytosineguanine – cytosine

basebase

other base pairingother base pairingother base pairingother base pairing
G G –– AA
G G –– TT
G G –– AA
G G –– TT

Hoogsteen, Wobble, reversed WatsonHoogsteen, Wobble, reversed Watson--CrickCrickHoogsteen, Wobble, reversed WatsonHoogsteen, Wobble, reversed Watson--CrickCrick A A –– C C A A –– C C 
mismatch mismatch –– sequences not matchedsequences not matchedmismatch mismatch –– sequences not matchedsequences not matched 187187187187



ssDNAssDNA –– single stranded DNAsingle stranded DNA
d DNAd DNA d bl t d d DNAd bl t d d DNA
ssDNAssDNA –– single stranded DNAsingle stranded DNA
d DNAd DNA d bl t d d DNAd bl t d d DNAdsDNAdsDNA –– double stranded DNAdouble stranded DNAdsDNAdsDNA –– double stranded DNAdouble stranded DNA

doubledouble--helix helix –– formsforms

helix Ahelix Ahelix Ahelix A BBBB ZZZZhelix     Ahelix     Ahelix     Ahelix     A BBBB ZZZZ
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DNA tertiary structureDNA tertiary structureDNA tertiary structureDNA tertiary structuredsDNAdsDNA

chromatinchromatin
histonehistone

suprasupra--helixhelix
: : topoisomerasestopoisomerases
suprasupra--helixhelix
: : topoisomerasestopoisomerases30nm-

chromatin
30nm-
chromatin

histonehistone

: : histoneshistones: : histoneshistones

extendedextendedextended
chromatin
extended
chromatin

condensed
chromosome
condensed

chromosome

mitoticmitotic

centromerecentromere

50 000x shortened50 000x shortened

mitotic
chromosome

mitotic
chromosome
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transcriptiontranscription; DNA; DNA ⇒⇒ mRNAmRNAtranscriptiontranscription; DNA; DNA ⇒⇒ mRNAmRNA translationtranslation; mRNA; mRNA ⇒⇒ proteinproteintranslationtranslation; mRNA; mRNA ⇒⇒ proteinproteintranscriptiontranscription; DNA ; DNA ⇒⇒ mRNAmRNAtranscriptiontranscription; DNA ; DNA ⇒⇒ mRNAmRNA translationtranslation; mRNA ; mRNA ⇒⇒ proteinproteintranslationtranslation; mRNA ; mRNA ⇒⇒ proteinprotein

CYTOPLASMACYTOPLASMACYTOPLASMACYTOPLASMA
NUCLEUSNUCLEUSNUCLEUSNUCLEUS

genegene

growing
peptide
chain

growing
peptide
chain

free amino acidsfree amino acids

NUCLEUSNUCLEUSNUCLEUSNUCLEUS

gg

mRNA
transcription

from DNA

mRNA
transcription

from DNA

DNADNA
tRNA with
amino acid
tRNA with
amino acid

codoncodon

mRNAmRNA

ribosomeribosome

mRNA
translation

mRNA
translation
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disorders diagnosticsdisorders diagnosticsdisorders diagnosticsdisorders diagnostics

symptom,symptom,symptom,  
phenotypic 

manifestation, 
respectively

symptom,  
phenotypic 

manifestation, 
respectively

mutationmutation

DNADNA RNARNA proteinprotein

p yp y

Δ  DNA sequence,
Δ structure and 

b f

Δ  DNA sequence,
Δ structure and 

b f

Δ gene expression,
RNA of errorneous 

i

Δ gene expression,
RNA of errorneous 

i

Δ  enzyme activity, 
disorders in cell and 

ti t t

Δ  enzyme activity, 
disorders in cell and 

ti t t

Δ  organ structure 
and  function,  

t b li

Δ  organ structure 
and  function,  

t b linumber of 
chromosomes

number of 
chromosomes

sequenciesequencie tissue structuretissue structure metabolism 
disorders,  

developmental 
disorder

metabolism 
disorders,  

developmental 
disorder

genealogical 
investigation
genealogical 
investigation

molecular-
biological 

investigation

molecular-
biological 

investigation
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analytical approachesanalytical approachesanalytical approachesanalytical approachesanalytical approachesanalytical approachesanalytical approachesanalytical approaches

numerical numerical aberration monitoringaberration monitoring
:: monosomiamonosomia (Turner syndrome)(Turner syndrome) polysomiapolysomia (Down syndrome)(Down syndrome)
numerical numerical aberration monitoringaberration monitoring
:: monosomiamonosomia (Turner syndrome)(Turner syndrome) polysomiapolysomia (Down syndrome)(Down syndrome)

id tifi ti fid tifi ti f kkid tifi ti fid tifi ti f kk

: : monosomiamonosomia (Turner syndrome), (Turner syndrome), polysomiapolysomia (Down syndrome)(Down syndrome): : monosomiamonosomia (Turner syndrome), (Turner syndrome), polysomiapolysomia (Down syndrome)(Down syndrome)

identification ofidentification of knownknown sequencesequence
: : mutations (mutations (phenylketonuriaphenylketonuria))
identification ofidentification of knownknown sequencesequence
: : mutations (mutations (phenylketonuriaphenylketonuria))

identification ofidentification of unknownunknown sequencesequence
: : sequencing of new pathogenssequencing of new pathogens
identification ofidentification of unknownunknown sequencesequence
: : sequencing of new pathogenssequencing of new pathogensq g p gq g p gq g p gq g p g

DNADNA t tt t it iit iDNADNA t tt t it iit iDNA DNA statestate monitoringmonitoring
: : methylationmethylation: : deoxycytidinedeoxycytidine (fragile X chromosome syndrome)(fragile X chromosome syndrome)
DNA DNA statestate monitoringmonitoring
: : methylationmethylation: : deoxycytidinedeoxycytidine (fragile X chromosome syndrome)(fragile X chromosome syndrome)
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basic approaches of NA analysesbasic approaches of NA analysesbasic approaches of NA analysesbasic approaches of NA analyses

: : PCR amplificationPCR amplification
:: :: multiplication of original DNA, multiplication of original DNA, 25 25 cyclescycles ~ 2~ 22424= 17 x10= 17 x1066 copiescopies

: : PCR amplificationPCR amplification
:: :: multiplication of original DNA, multiplication of original DNA, 25 25 cyclescycles ~ 2~ 22424= 17 x10= 17 x1066 copiescopies

: : cleavage by restriction enzymescleavage by restriction enzymes
:: :: fragmentation of amplified DNA (specific)fragmentation of amplified DNA (specific)

: : cleavage by restriction enzymescleavage by restriction enzymes
:: :: fragmentation of amplified DNA (specific)fragmentation of amplified DNA (specific)

:(:(blotting blotting after gel after gel electrophoresiselectrophoresis))
:: :: separation of particular DNA sequenceseparation of particular DNA sequence

:(:(blotting blotting after gel after gel electrophoresiselectrophoresis))
:: :: separation of particular DNA sequenceseparation of particular DNA sequence

: : hybridisationhybridisation –– on on blottingblotting membranemembrane oror on on chipchip
:: :: reaction with complementary labelled reaction with complementary labelled ssDNAssDNA

: : hybridisationhybridisation –– on on blottingblotting membranemembrane oror on on chipchip
:: :: reaction with complementary labelled reaction with complementary labelled ssDNAssDNA
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DNA isolation DNA isolation DNA isolation DNA isolation PCR: 10 PCR: 10 –– 500 500 μμg of human DNAg of human DNA
1 1 –– 10 10 μμgg of bacterial DNAof bacterial DNA

PCR: 10 PCR: 10 –– 500 500 μμg of human DNAg of human DNA
1 1 –– 10 10 μμgg of bacterial DNAof bacterial DNA00 μμgg o bac e ao bac e a

0.1 0.1 –– 1 μ1 μg of plasmid DNAg of plasmid DNA
00 μμgg o bac e ao bac e a

0.1 0.1 –– 1 μ1 μg of plasmid DNAg of plasmid DNA

1) NA extraction + sorption on SiO1) NA extraction + sorption on SiO after cytolysisafter cytolysis1) NA extraction + sorption on SiO1) NA extraction + sorption on SiO after cytolysisafter cytolysis1) NA extraction + sorption on SiO1) NA extraction + sorption on SiO22 after cytolysisafter cytolysis

2) gradual soft degradation of cells by organic solvents2) gradual soft degradation of cells by organic solvents

1) NA extraction + sorption on SiO1) NA extraction + sorption on SiO22 after cytolysisafter cytolysis

2) gradual soft degradation of cells by organic solvents2) gradual soft degradation of cells by organic solvents

samplesample preparationpreparation andand separationseparation ofof DNADNA

affinityaffinity purificationpurification –– basedbased onon hybridisationhybridisation abilitiesabilities ofof NANA

samplesample preparationpreparation andand separationseparation ofof DNADNA

affinityaffinity purificationpurification –– basedbased onon hybridisationhybridisation abilitiesabilities ofof NANAyy pp yy

:: samplesample ++ lysationlysation bufferbuffer;; ++ biotinylationbiotinylation bufferbuffer;; incubationincubation
:: afterafter incubationincubation ⇒⇒ microtubemicrotube withwith avidinavidin oror streptavidinstreptavidin modifiedmodified surfacesurface

yy pp yy

:: samplesample ++ lysationlysation bufferbuffer;; ++ biotinylationbiotinylation bufferbuffer;; incubationincubation
:: afterafter incubationincubation ⇒⇒ microtubemicrotube withwith avidinavidin oror streptavidinstreptavidin modifiedmodified surfacesurface

adsorptionadsorption onon silikagelsilikagel
:: NANA inin presencepresence ofof guanineguanine adsorbadsorb onon silikagelsilikagel
:: elutionelution byby ΔΔ pHpH andand ionicionic strengthstrength

adsorptionadsorption onon silikagelsilikagel
:: NANA inin presencepresence ofof guanineguanine adsorbadsorb onon silikagelsilikagel
:: elutionelution byby ΔΔ pHpH andand ionicionic strengthstrength:: elutionelution byby ΔΔ pHpH andand ionicionic strengthstrength

gelgel filtrationfiltration
:: micromicro--columncolumn filledfilled withwith gelgel

:: elutionelution byby ΔΔ pHpH andand ionicionic strengthstrength

gelgel filtrationfiltration
:: micromicro--columncolumn filledfilled withwith gelgelgg

:: adsorptionadsorption onon silikagelsilikagel andand gelgel filtrationfiltration mightmight enhanceenhance centrifugationcentrifugation

gg

:: adsorptionadsorption onon silikagelsilikagel andand gelgel filtrationfiltration mightmight enhanceenhance centrifugationcentrifugation
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polymerase chain reaction polymerase chain reaction (PCR)(PCR)polymerase chain reaction polymerase chain reaction (PCR)(PCR)

11)) initiationinitiation –– heatedheated toto 9696 °°C,C, 55 minmin
DNADNA andand primersprimers meltmelt

11)) initiationinitiation –– heatedheated toto 9696 °°C,C, 55 minmin
DNADNA andand primersprimers meltmelt

original DNAoriginal DNA

target
sequence
target
sequence

DNADNA andand primersprimers meltmelt

22)) meltingmelting –– heatedheated toto 9696 °°CC forfor 3030 ss;;
addadd DNADNA--polymerasepolymerase

DNADNA andand primersprimers meltmelt

22)) meltingmelting –– heatedheated toto 9696 °°CC forfor 3030 ss;;
addadd DNADNA--polymerasepolymerase

1) a 2)1) a 2)

addadd DNADNA polymerasepolymerase

33)) bindingbinding –– heatedheated toto 6868 °°C,C, 3030 ss

addadd DNADNA polymerasepolymerase

33)) bindingbinding –– heatedheated toto 6868 °°C,C, 3030 ss1st cycle
2 molecules
1st cycle
2 molecules

3)3) primersprimers

44)) prolongationprolongation –– heatedheated toto 7272 °°CC forfor 4545 ss

55)) repetitionrepetition –– stepssteps 22--44 repeatrepeat

44)) prolongationprolongation –– heatedheated toto 7272 °°CC forfor 4545 ss

55)) repetitionrepetition –– stepssteps 22--44 repeatrepeat

n
ew

n
u

cl
eo

ti
de

s
n

ew
n

u
cl

eo
ti

de
s

4)4)

maxmax.. 2525xx

66)) keepingkeeping –– finalfinal mixturemixture atat 77 °°CC;;

maxmax.. 2525xx

66)) keepingkeeping –– finalfinal mixturemixture atat 77 °°CC;;2nd cycle2nd cycle 5)5)
preservespreserves DNADNA fromfrom decompositiondecompositionpreservespreserves DNADNA fromfrom decompositiondecomposition

y
4 molecules

y
4 molecules

5)5)

195195195195

3rd cycle
8 molecules
3rd cycle
8 molecules



NA amplificationNA amplification

PCRPCR polymerase chain reactionpolymerase chain reaction (DNA) (DNA) 19851985

NA amplificationNA amplification

PCRPCR polymerase chain reactionpolymerase chain reaction (DNA) (DNA) 19851985

RTRT--PCRPCR reverse transcription PCRreverse transcription PCR (RNA) (RNA) 19911991

TASTAS transcriptiontranscription amplification systemamplification system (RNA DNA)(RNA DNA) 19891989

RTRT--PCRPCR reverse transcription PCRreverse transcription PCR (RNA) (RNA) 19911991

TASTAS transcriptiontranscription amplification systemamplification system (RNA DNA)(RNA DNA) 19891989TASTAS transcriptiontranscription--amplification systemamplification system (RNA, DNA)(RNA, DNA) 19891989

3SR        3SR        selfself--sustained sequence replicationsustained sequence replication (RNA,DNA)(RNA,DNA) 19901990

TASTAS transcriptiontranscription--amplification systemamplification system (RNA, DNA)(RNA, DNA) 19891989

3SR        3SR        selfself--sustained sequence replicationsustained sequence replication (RNA,DNA)(RNA,DNA) 19901990

NASBANASBA nucleic acid sequence based amplificationnucleic acid sequence based amplification (RNA, DNA)(RNA, DNA)

TMATMA transcription mediated amplificationtranscription mediated amplification (RNA DNA)(RNA DNA) 19911991

NASBANASBA nucleic acid sequence based amplificationnucleic acid sequence based amplification (RNA, DNA)(RNA, DNA)

TMATMA transcription mediated amplificationtranscription mediated amplification (RNA DNA)(RNA DNA) 19911991TMATMA transcription mediated amplificationtranscription mediated amplification (RNA, DNA)(RNA, DNA) 19911991

SDASDA strain displacement amplificationstrain displacement amplification (DNA)(DNA) 19921992

TMATMA transcription mediated amplificationtranscription mediated amplification (RNA, DNA)(RNA, DNA) 19911991

SDASDA strain displacement amplificationstrain displacement amplification (DNA)(DNA) 19921992

amplification of hybridisation probeamplification of hybridisation probe

LARLAR lili lifi ti tilifi ti ti 19891989

amplification of hybridisation probeamplification of hybridisation probe

LARLAR lili lifi ti tilifi ti ti 19891989LARLAR ligaseligase amplification reactionamplification reaction 19891989

LCRLCR ligaseligase chain reactionchain reaction 19911991

LARLAR ligaseligase amplification reactionamplification reaction 19891989

LCRLCR ligaseligase chain reactionchain reaction 19911991

QQ--betabeta QQ--betabeta replicasereplicase amplificationamplification 19881988QQ--betabeta QQ--betabeta replicasereplicase amplificationamplification 19881988
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restriction enzymesrestriction enzymesrestriction enzymesrestriction enzymes

EcoREcoR I     I     Escherichia coli Escherichia coli 5'G5'GAATTAATTCC
3'C3'CTTAATTAAGG

EcoREcoR I     I     Escherichia coli Escherichia coli 5'G5'GAATTAATTCC
3'C3'CTTAATTAAGG3'C3'CTTAATTAAGG

BamHBamHI   I   Bacillus Bacillus amyloliquefaciensamyloliquefaciens 5'G5'GGATCGATCCC
3'C3'CCTAGCTAGGG

3'C3'CTTAATTAAGG
BamHBamHI   I   Bacillus Bacillus amyloliquefaciensamyloliquefaciens 5'G5'GGATCGATCCC

3'C3'CCTAGCTAGGG
HindHind IIII   II   HaemophilusHaemophilus influenzaeinfluenzae 5'A5'AAGCTAGCTTT

3'T3'TTCGATCGAAA
MstMst II     II     MicrocoleusMicrocoleus spsp.. 5'C5'CCTNAGCTNAGGG

HindHind IIII   II   HaemophilusHaemophilus influenzaeinfluenzae 5'A5'AAGCTAGCTTT
3'T3'TTCGATCGAAA

MstMst II     II     MicrocoleusMicrocoleus spsp.. 5'C5'CCTNAGCTNAGGGpp
3'G3'GGANTCGANTCCC

TaqTaq I      I      ThermusThermus aquaticusaquaticus 5'T5'TCGCGAA
3'A3'AGCGCTT

pp
3'G3'GGANTCGANTCCC

TaqTaq I      I      ThermusThermus aquaticusaquaticus 5'T5'TCGCGAA
3'A3'AGCGCTT3 A3 AGCGCTT

NotNot I      I      NocardiaNocardia otitidisotitidis 5'GC5'GCGGCCGGCCGCGC
3'CG3'CGCCGGCCGGCGCG

AluAlu II ArthrobacterArthrobacter luteusluteus 5'5'AGCTAGCT

3 A3 AGCGCTT
NotNot I      I      NocardiaNocardia otitidisotitidis 5'GC5'GCGGCCGGCCGCGC

3'CG3'CGCCGGCCGGCGCG
AluAlu II ArthrobacterArthrobacter luteusluteus 5'5'AGCTAGCTAluAlu I      I      ArthrobacterArthrobacter luteusluteus 55 AGCTAGCT

3'3'TCGATCGA
AluAlu I      I      ArthrobacterArthrobacter luteusluteus 55 AGCTAGCT

3'3'TCGATCGA
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bl tbl ttitibl tbl ttiti

identification of identification of knownknown DNA sequenceDNA sequenceidentification of identification of knownknown DNA sequenceDNA sequence

blotblottingtingblotblottingting
PCR PCR ⇒⇒ DNA cleavage by restriction DNA cleavage by restriction endonucleaseendonuclease ⇒⇒
⇒⇒ GELFO separationGELFO separation ⇒⇒ blottingblotting ⇒⇒ hybridisationhybridisation ⇒⇒ label visualisationlabel visualisation
PCR PCR ⇒⇒ DNA cleavage by restriction DNA cleavage by restriction endonucleaseendonuclease ⇒⇒
⇒⇒ GELFO separationGELFO separation ⇒⇒ blottingblotting ⇒⇒ hybridisationhybridisation ⇒⇒ label visualisationlabel visualisation⇒⇒ GELFO separation GELFO separation ⇒⇒ blottingblotting ⇒⇒ hybridisation hybridisation ⇒⇒ label visualisationlabel visualisation⇒⇒ GELFO separation GELFO separation ⇒⇒ blottingblotting ⇒⇒ hybridisation hybridisation ⇒⇒ label visualisationlabel visualisation

DNADNA –– SouthernSouthern blotblot
RNARNA NorthernNorthern blotblot
DNADNA –– SouthernSouthern blotblot
RNARNA NorthernNorthern blotblotRNARNA –– NorthernNorthern blotblotRNARNA –– NorthernNorthern blotblot

hybridoblothybridoblothybridoblothybridoblothybridoblothybridoblothybridoblothybridoblot

hybridisationhybridisation
ssDNAssDNA fragment (fragment (analyteanalyte) ) ++
hybridisationhybridisation
ssDNAssDNA fragment (fragment (analyteanalyte) ) ++

+ labelled complementary + labelled complementary ssDNAssDNA fragment (fragment (probeprobe))

: : chromophorechromophore, , fluorophorefluorophore, radioactive isotope (, radioactive isotope (3232P)P)

+ labelled complementary + labelled complementary ssDNAssDNA fragment (fragment (probeprobe))

: : chromophorechromophore, , fluorophorefluorophore, radioactive isotope (, radioactive isotope (3232P)P) 198198198198



cytogenetic diagnosticscytogenetic diagnosticscytogenetic diagnosticscytogenetic diagnostics

FISH – fluorescence in situ hybridisationFISH – fluorescence in situ hybridisation

monitoring monitoring polysomiapolysomia, translocation, inversion, deletion, translocation, inversion, deletion

possibility to analyse possibility to analyse interphaseinterphase chromosomeschromosomesp y yp y y pp
: does not need to cultivate cells and prepare metaphase chromosomes: does not need to cultivate cells and prepare metaphase chromosomes

complementary pairing of investigated DNA with fluorescence labelled probecomplementary pairing of investigated DNA with fluorescence labelled probe

sequence of investigated genesequence of investigated geneq g gq g g
: individual gene: individual gene
: whole or part of chromosome: whole or part of chromosome
oror centromericcentromeric oror telomerictelomeric regionsregionsor or centromericcentromeric or or telomerictelomeric regionsregions

detection detection –– fluorescence microscopyfluorescence microscopy
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mFISH – multicolour FISH high resolution bandingmFISH – multicolour FISH high resolution banding

combination of more fluorochromes and of more probescombination of more fluorochromes and of more probescombination of more fluorochromes and of more probescombination of more fluorochromes and of more probes

SKY – spectral karyotypingSKY – spectral karyotyping

id tifi ti f l d t t l h l b tiid tifi ti f l d t t l h l b tiidentification of numeral and structural chromosomal aberrations

complementary pairing – 55 fluorescence labelled probes

identification of numeral and structural chromosomal aberrations

complementary pairing – 55 fluorescence labelled probes

computer imaging and analysiscomputer imaging and analysis
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CGH – comparative genomic hybridizationCGH – comparative genomic hybridization

visualisation of chromosomal disorders visualisation of chromosomal disorders 

parallelparallel hybridisationhybridisation ofof twotwo DNADNA samplessamples labelledlabelled withwith differentdifferent fluorochromesfluorochromes
:: DNADNA ofof patientpatient ((tumotumouurousrous)) labelledlabelled greengreen

parallelparallel hybridisationhybridisation ofof twotwo DNADNA samplessamples labelledlabelled withwith differentdifferent fluorochromesfluorochromes
:: DNADNA ofof patientpatient ((tumotumouurousrous)) labelledlabelled greengreen:: DNADNA ofof patientpatient ((tumotumouurousrous),), labelledlabelled greengreen
:: controlcontrol DNADNA (DNA(DNA ofof healthyhealthy person),person), labelledlabelled redred
:: DNADNA ofof patientpatient ((tumotumouurousrous),), labelledlabelled greengreen
:: controlcontrol DNADNA (DNA(DNA ofof healthyhealthy person),person), labelledlabelled redred
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gene therapy

: transfer of genetic material with therapeutic effect (AVV; adenovirus vector): transfer of genetic material with therapeutic effect (AVV; adenovirus vector)

: targeted knock: targeted knock--out of aberrant protein (cancer; antisense therapy)out of aberrant protein (cancer; antisense therapy)

: transfer of genetic material with therapeutic effect (AVV; adenovirus vector): transfer of genetic material with therapeutic effect (AVV; adenovirus vector)

: targeted knock: targeted knock--out of aberrant protein (cancer; antisense therapy)out of aberrant protein (cancer; antisense therapy)gg p ( ; py)p ( ; py)

: renewal of mutated gene expression (inheritable diseases): renewal of mutated gene expression (inheritable diseases)

: problem of cellular defence mechanisms to foreign DNA (transplantation): problem of cellular defence mechanisms to foreign DNA (transplantation)

gg p ( ; py)p ( ; py)

: renewal of mutated gene expression (inheritable diseases): renewal of mutated gene expression (inheritable diseases)

: problem of cellular defence mechanisms to foreign DNA (transplantation): problem of cellular defence mechanisms to foreign DNA (transplantation): problem of cellular defence mechanisms to foreign DNA (transplantation) : problem of cellular defence mechanisms to foreign DNA (transplantation) 

: problem of selective defect cells therapy: problem of selective defect cells therapy

: problem of cellular defence mechanisms to foreign DNA (transplantation) : problem of cellular defence mechanisms to foreign DNA (transplantation) 

: problem of selective defect cells therapy: problem of selective defect cells therapy

proteolysisproteolysisproteolysisproteolysis

DNA w/ geneDNA w/ geneDNA w/ geneDNA w/ gene
antisenseantisense
mRNAmRNA
antisenseantisense
mRNAmRNA

RNAseRNAseRNAseRNAse
destructiondestructiondestructiondestruction

proteolysisproteolysisproteolysisproteolysis

translationtranslationtranslationtranslation

RNARNARNARNA l tl tl tl t

targettarget
proteinprotein
targettarget
proteinprotein

transcriptiontranscriptiontranscriptiontranscription
mRNAmRNAmRNAmRNA complementarycomplementary

doubledouble--helixhelix
complementarycomplementary
doubledouble--helixhelix

proteinproteinproteinprotein
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colournesscolournesscolournesscolourness
IX.IX.IX.IX.

physical phenomenonphysical phenomenonphysical phenomenonphysical phenomenon

700  650    600    550  500  450   400700  650    600    550  500  450   400

wavelength (nm)wavelength (nm) violetviolet red-red-
violetviolet

redredgreen-green-
blueblue

blueblue

indicationindication ⇒⇒ sight sight ⇒⇒ colourcolourindicationindication ⇒⇒ sight sight ⇒⇒ colourcolour
redred

orangeorange

yellowyellow

greengreen

blueblue

violetviolet

UVUV

orangeorange

yellowyellow
green-green-

llll

greengreen

blue-blue-
greengreen

blueblue

sunlightsunlight –– white, colourlesswhite, colourlesssunlightsunlight –– white, colourlesswhite, colourless

orangeorange greengreen violetviolet yellowyellow

decomposed in prism decomposed in prism ⇐⇐ refractive index is function of wavelengthrefractive index is function of wavelengthdecomposed in prism decomposed in prism ⇐⇐ refractive index is function of wavelengthrefractive index is function of wavelength

: : more inclined from straight line of original ray are violet rays, less yellow onesmore inclined from straight line of original ray are violet rays, less yellow ones

human eyehuman eye percepts as colourful rays those with wavelengthpercepts as colourful rays those with wavelength 400400 toto 760760 nmnm

: : more inclined from straight line of original ray are violet rays, less yellow onesmore inclined from straight line of original ray are violet rays, less yellow ones

human eyehuman eye percepts as colourful rays those with wavelengthpercepts as colourful rays those with wavelength 400400 toto 760760 nmnm

if the object absorbs if the object absorbs yellowyellow, it reflects blue , it reflects blue ⇒⇒ appears to be appears to be blueblue and and 
vice versavice versa
if the object absorbs if the object absorbs yellowyellow, it reflects blue , it reflects blue ⇒⇒ appears to be appears to be blueblue and and 
vice versavice versa

human eyehuman eye percepts as colourful rays those with wavelength percepts as colourful rays those with wavelength 400400 to to 760760 nmnmhuman eyehuman eye percepts as colourful rays those with wavelength percepts as colourful rays those with wavelength 400400 to to 760760 nmnm

vice versavice versa

soso--calledcalled complementary colourscomplementary colours

vice versavice versa

soso--calledcalled complementary colourscomplementary colours
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absorbance descriptionabsorbance descriptionabsorbance descriptionabsorbance description

BouguerBouguer--LambertLambert--Beer lawBeer lawBouguerBouguer--LambertLambert--Beer lawBeer law

I = II = I00*10 *10 ––εε**c*dc*dI = II = I00*10 *10 ––εε**c*dc*d

concentrationconcentration cc [mol/l],  molar [mol/l],  molar absorptivityabsorptivity εε, , thickness of abs. layer thickness of abs. layer dd [cm][cm]concentrationconcentration cc [mol/l],  molar [mol/l],  molar absorptivityabsorptivity εε, , thickness of abs. layer thickness of abs. layer dd [cm][cm]

layer transparencylayer transparency:: I / II / I00layer transparencylayer transparency:: I / II / I00

absorbanceabsorbance A [l/mol.cm]A [l/mol.cm] :         :         A = log IA = log I0 0 / I/ I = = εε**c*dc*dabsorbanceabsorbance A [l/mol.cm]A [l/mol.cm] :         :         A = log IA = log I0 0 / I/ I = = εε**c*dc*d

εε = A / c*d= A / c*d ⇒⇒ proportional to proportional to number of moleculesnumber of molecules of absorbing substanceof absorbing substance

spectrophotometricspectrophotometric absorption curve (absorption curve (absorption spectrumabsorption spectrum)) A =A = ff ((λλ))

εε = A / c*d= A / c*d ⇒⇒ proportional to proportional to number of moleculesnumber of molecules of absorbing substanceof absorbing substance

spectrophotometricspectrophotometric absorption curve (absorption curve (absorption spectrumabsorption spectrum)) A =A = ff ((λλ))spectrophotometricspectrophotometric absorption curve (absorption curve (absorption spectrumabsorption spectrum)  )  A  A  ff ((λλ))spectrophotometricspectrophotometric absorption curve (absorption curve (absorption spectrumabsorption spectrum)  )  A  A  ff ((λλ))
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absorption spectrum:absorption spectrum:absorption spectrum:absorption spectrum:absorption spectrum:absorption spectrum:
magonmagon with with Mg(II) Mg(II) ionsions
absorption spectrum:absorption spectrum:
magonmagon with with Mg(II) Mg(II) ionsions
bs

or
ba

n
ce

bs
or

ba
n

ce

1 1 –– magonmagon
2 2 –– magonmagon + 2.10+ 2.10––6 6 Mg(II)Mg(II)
3 3 –– magonmagon + 1.10+ 1.10––5 5 Mg(II)Mg(II)

1 1 –– magonmagon
2 2 –– magonmagon + 2.10+ 2.10––6 6 Mg(II)Mg(II)
3 3 –– magonmagon + 1.10+ 1.10––5 5 Mg(II)Mg(II)

aa

4 4 –– magonmagon + 8.10+ 8.10––4 4 Mg(II)Mg(II)4 4 –– magonmagon + 8.10+ 8.10––4 4 Mg(II)Mg(II)

wavelength [nm]wavelength [nm]

shifts of absorption maximumshifts of absorption maximum::shifts of absorption maximumshifts of absorption maximum::

bathochromicbathochromic : to higher wavelengths : to higher wavelengths 
hypsochromichypsochromic : to lower wavelengths : to lower wavelengths 
h h ih h i b b ib b i

bathochromicbathochromic : to higher wavelengths : to higher wavelengths 
hypsochromichypsochromic : to lower wavelengths : to lower wavelengths 
h h ih h i b b ib b ihyperchromichyperchromic : absorbance increase : absorbance increase 
hypochromichypochromic : absorbance decrease : absorbance decrease 
hyperchromichyperchromic : absorbance increase : absorbance increase 
hypochromichypochromic : absorbance decrease : absorbance decrease 

if the spectrum changes indiscreetly if the spectrum changes indiscreetly ⇒⇒ existence of existence of isosbestic pointisosbestic point
::allall colour components of the colour components of the same moleculesame molecule have in it the have in it the same absorbancesame absorbance
if the spectrum changes indiscreetly if the spectrum changes indiscreetly ⇒⇒ existence of existence of isosbestic pointisosbestic point
::allall colour components of the colour components of the same moleculesame molecule have in it the have in it the same absorbancesame absorbance
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theory of colournesstheory of colourness
absorption of light by moleculesabsorption of light by molecules
theory of colournesstheory of colourness
absorption of light by moleculesabsorption of light by molecules

moleculemolecule == XX atomsatoms (X>(X>22))moleculemolecule == XX atomsatoms (X>(X>22))

absorption of light by moleculesabsorption of light by moleculesabsorption of light by moleculesabsorption of light by molecules

absorptionabsorption ofof lightlight –– valencevalence bindingbinding electronselectrons
:: thethe strongerstronger thethe bondbond is,is, thethe greatergreater thethe raterate ofof theirtheir oscillationsoscillations isis
absorptionabsorption ofof lightlight –– valencevalence bindingbinding electronselectrons
:: thethe strongerstronger thethe bondbond is,is, thethe greatergreater thethe raterate ofof theirtheir oscillationsoscillations isis

moleculesmolecules absorbabsorb:: lightlight withwith frequencyfrequency ≈≈ toto frequencyfrequency ofof valencevalence electronselectrons

t t lt t l ii ff l ll l EE EE EE ++ EE ++ EE

moleculesmolecules absorbabsorb:: lightlight withwith frequencyfrequency ≈≈ toto frequencyfrequency ofof valencevalence electronselectrons

t t lt t l ii ff l ll l EE EE EE ++ EE ++ EEtotaltotal innerinner energyenergy ofof moleculemolecule EE:: EE == EErotrot ++ EEvibrvibr ++ EEelectrelectr

σσ electronselectrons –– higherhigher energyenergy ofof transitiontransition toto higherhigher energyenergy levellevel ⇒⇒

totaltotal innerinner energyenergy ofof moleculemolecule EE:: EE == EErotrot ++ EEvibrvibr ++ EEelectrelectr

σσ electronselectrons –– higherhigher energyenergy ofof transitiontransition toto higherhigher energyenergy levellevel ⇒⇒
⇒⇒ dodo notnot taketake partpart inin lightlight absorptionabsorption inin VVisis

ππ electronselectrons –– lowerlower energyenergy ofof transitiontransition toto higherhigher energyenergy levellevel ⇒⇒

⇒⇒ dodo notnot taketake partpart inin lightlight absorptionabsorption inin VVisis

ππ electronselectrons –– lowerlower energyenergy ofof transitiontransition toto higherhigher energyenergy levellevel ⇒⇒gygy gg gygy
⇒⇒ maymay absorbabsorb eveneven inin VVisis

intrinsicintrinsic causecause ofof colournesscolourness::

gygy gg gygy
⇒⇒ maymay absorbabsorb eveneven inin VVisis

intrinsicintrinsic causecause ofof colournesscolourness::intrinsicintrinsic causecause ofof colournesscolourness::
lightlight energyenergy absorptionabsorption byby ππ electronelectron transitiontransition betweenbetween levelslevels withwith differentdifferent EE
intrinsicintrinsic causecause ofof colournesscolourness::
lightlight energyenergy absorptionabsorption byby ππ electronelectron transitiontransition betweenbetween levelslevels withwith differentdifferent EE
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structures causing colournessstructures causing colournessstructures causing colournessstructures causing colourness

chainschains ofof conjugatedconjugated doubledouble bondsbondschainschains ofof conjugatedconjugated doubledouble bondsbonds

excitation energyexcitation energyexcitation energyexcitation energy

ethane ethane CHCH33––CHCH33 caca 180 kJ/mol 180 kJ/mol λλ = = 155 nm155 nm
ethyneethyne CHCH22=CH=CH22 caca 150 kJ/mol 150 kJ/mol λλ = 190 nm= 190 nm
butadienebutadiene CHCH =CH=CH––CH=CHCH=CH λλ = 210 nm= 210 nm

ethane ethane CHCH33––CHCH33 caca 180 kJ/mol 180 kJ/mol λλ = = 155 nm155 nm
ethyneethyne CHCH22=CH=CH22 caca 150 kJ/mol 150 kJ/mol λλ = 190 nm= 190 nm
butadienebutadiene CHCH =CH=CH––CH=CHCH=CH λλ = 210 nm= 210 nmbutadienebutadiene CHCH22=CH=CH––CH=CHCH=CH22 λλ = 210 nm= 210 nm
lycopene (11 conjugated double bounds) lycopene (11 conjugated double bounds) λ = 506 nmλ = 506 nm
butadienebutadiene CHCH22=CH=CH––CH=CHCH=CH22 λλ = 210 nm= 210 nm
lycopene (11 conjugated double bounds) lycopene (11 conjugated double bounds) λ = 506 nmλ = 506 nm

CH3

C=CH-CH=CH-C=CH-CH=CH-C=CH-CH=CH-CH=C-CH=CH-CH=C-CH=CH-CH=C

CH2

CH3 CH3 CH3 CH3

CH2

CH3

H C

CH3

C=CH-CH=CH-C=CH-CH=CH-C=CH-CH=CH-CH=C-CH=CH-CH=C-CH=CH-CH=C

CH2

CH3 CH3 CH3 CH3

CH2

CH3

H C

:: substituentssubstituents :::: nucleophilic electrophilicnucleophilic electrophilic:: substituentssubstituents :::: nucleophilic electrophilicnucleophilic electrophilic

CH2-CH=C
CH3

CH3

C=CH-CH2H3C

H3C
CH2-CH=C

CH3

CH3

C=CH-CH2H3C

H3C

addition effectsaddition effectsaddition effectsaddition effects

: : substituentssubstituents :::: nucleophilic, electrophilicnucleophilic, electrophilic
:::: chargedcharged

: : oxidation oxidation //reductionreduction
l itl it f t tf t t

: : substituentssubstituents :::: nucleophilic, electrophilicnucleophilic, electrophilic
:::: chargedcharged

: : oxidation oxidation //reductionreduction
l itl it f t tf t t: : planarityplanarity of structureof structure

: : complexationcomplexation with metal ionswith metal ions
: : detergentsdetergents; molecular compounds; molecular compounds

: : planarityplanarity of structureof structure
: : complexationcomplexation with metal ionswith metal ions
: : detergentsdetergents; molecular compounds; molecular compounds 207207207207



substituentssubstituents –– nucleophilic, electrophilicnucleophilic, electrophilicsubstituentssubstituents –– nucleophilic, electrophilicnucleophilic, electrophilic

substituentssubstituents –– chargedchargedsubstituentssubstituents –– chargedchargedsubstituentssubstituents chargedchargedsubstituentssubstituents chargedcharged
influence the electronic distributioninfluence the electronic distributioninfluence the electronic distributioninfluence the electronic distribution

nucleophilicnucleophilic::nucleophilicnucleophilic::uc eop cuc eop c
:: aminoamino groupgroup (free(free electronelectron pair)pair)
:: hydroxylhydroxyl groupgroup (two(two freefree electronelectron pairs)pairs)

uc eop cuc eop c
:: aminoamino groupgroup (free(free electronelectron pair)pair)
:: hydroxylhydroxyl groupgroup (two(two freefree electronelectron pairs)pairs)

benzenebenzene λλmaxmax == 255255 nmnm >> phenolphenol λλmaxmax == 275275 nmnm >> anilineaniline λλmaxmax == 282282 nmnm

electrophilicelectrophilic::
:: nitronitro groupgroup carbonylcarbonyl groupgroup andand iminoimino groupgroup

benzenebenzene λλmaxmax == 255255 nmnm >> phenolphenol λλmaxmax == 275275 nmnm >> anilineaniline λλmaxmax == 282282 nmnm

electrophilicelectrophilic::
:: nitronitro groupgroup carbonylcarbonyl groupgroup andand iminoimino groupgroup:: nitronitro group,group, carbonylcarbonyl groupgroup andand iminoimino groupgroup

nitrobenzenenitrobenzene λλmaxmax == 268268 nm,nm, acetophenoneacetophenone λλmaxmax == 279279 nmnm

bi tibi ti ff l hilil hili dd l t hilil t hili b th h ib th h i hifthift

:: nitronitro group,group, carbonylcarbonyl groupgroup andand iminoimino groupgroup

nitrobenzenenitrobenzene λλmaxmax == 268268 nm,nm, acetophenoneacetophenone λλmaxmax == 279279 nmnm

bi tibi ti ff l hilil hili dd l t hilil t hili b th h ib th h i hifthift:::: combinationcombination ofof nucleophilicnucleophilic andand electrophilicelectrophilic groupgroup:: bathochromicbathochromic shiftshift:::: combinationcombination ofof nucleophilicnucleophilic andand electrophilicelectrophilic groupgroup:: bathochromicbathochromic shiftshift

ionisation enhances the effect of substituent presenceionisation enhances the effect of substituent presenceionisation enhances the effect of substituent presenceionisation enhances the effect of substituent presence

nitrophenolnitrophenol pKpKaa = 7.16= 7.16
: : acidic medium acidic medium colourlesscolourless λλmaxmax = = 315 nm (left)315 nm (left)
:: alkali mediumalkali medium yellowyellow (middle)(middle)

nitrophenolnitrophenol pKpKaa = 7.16= 7.16
: : acidic medium acidic medium colourlesscolourless λλmaxmax = = 315 nm (left)315 nm (left)
:: alkali mediumalkali medium yellowyellow (middle)(middle)

O-
OH O

+  H +

O-
OH O

+  H +: : alkali medium alkali medium yellowyellow (middle)(middle)
: : quinoid structure (right) quinoid structure (right) λλmaxmax = = 404 nm404 nm
: : alkali medium alkali medium yellowyellow (middle)(middle)
: : quinoid structure (right) quinoid structure (right) λλmaxmax = = 404 nm404 nm
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oxidationoxidation / / reductionreductionoxidationoxidation / / reductionreduction

id ti i b f j t d d bl b did ti i b f j t d d bl b did ti i b f j t d d bl b did ti i b f j t d d bl b doxidation increases number of conjugated double bondsoxidation increases number of conjugated double bondsoxidation increases number of conjugated double bondsoxidation increases number of conjugated double bonds

Cl ClCl Cl

+ 2H +  + 2e -
OHO

Cl

N HO

Cl

NH OH
+ 2H +  + 2e -

OHO

Cl

N HO

Cl

NH OH

2,62,6--dichlorophenolindophenol dichlorophenolindophenol –– blueblue
reduction reduction –– leucobase (colourless)leucobase (colourless)
2,62,6--dichlorophenolindophenol dichlorophenolindophenol –– blueblue
reduction reduction –– leucobase (colourless)leucobase (colourless)( )( )( )( )

reduction rarely enhances absorptionreduction rarely enhances absorptionreduction rarely enhances absorptionreduction rarely enhances absorption

NADHNADH NADNAD++NADHNADH NADNAD++

coenzymes derives from nicotinamidecoenzymes derives from nicotinamide
CHCH33––CHCH22––OH  +  NADOH  +  NAD++ →→ CHCH33––CH=O  +  NADH  + HCH=O  +  NADH  + H++
coenzymes derives from nicotinamidecoenzymes derives from nicotinamide
CHCH33––CHCH22––OH  +  NADOH  +  NAD++ →→ CHCH33––CH=O  +  NADH  + HCH=O  +  NADH  + H++
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structural planaritystructural planaritystructural planaritystructural planarity

free overlapping of free overlapping of ππ--electrons electrons in conjugated system = planar structurein conjugated system = planar structurefree overlapping of free overlapping of ππ--electrons electrons in conjugated system = planar structurein conjugated system = planar structure

heme heme –– redredheme heme –– redred

heme oxygenase
+ O2

heme oxygenase
+ O2

– CO2
– Fe(II)
– CO2
– Fe(II)

biliverdin biliverdin –– greengreenbiliverdin biliverdin –– greengreen

– NADP+– NADP+biliverdin reductase
+ NADPH

biliverdin reductase
+ NADPH

bilirubin bilirubin –– yellowyellowbilirubin bilirubin –– yellowyellow

+ NADPH+ NADPH
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metal chelatesmetal chelatesmetal chelatesmetal chelates
creationcreation ofof complexcomplex {ML}{ML} andand ofof coco--ordinationordination bondbond atat expenseexpense ofof freefree
electronelectron pairpair includedincluded intointo systemsystem ofof conjugatedconjugated doubledouble bondbond isis followedfollowed byby
creationcreation ofof complexcomplex {ML}{ML} andand ofof coco--ordinationordination bondbond atat expenseexpense ofof freefree
electronelectron pairpair includedincluded intointo systemsystem ofof conjugatedconjugated doubledouble bondbond isis followedfollowed bybyelectronelectron pairpair includedincluded intointo systemsystem ofof conjugatedconjugated doubledouble bondbond isis followedfollowed byby
enhancementenhancement ofof colournesscolourness
electronelectron pairpair includedincluded intointo systemsystem ofof conjugatedconjugated doubledouble bondbond isis followedfollowed byby
enhancementenhancement ofof colournesscolourness

11 nitrosonitroso 22 naphtolnaphtol :: yellowyellow orangeorange11 nitrosonitroso 22 naphtolnaphtol :: yellowyellow orangeorange
  + M N-O M N=O MN=O   + M N-O M N=O MN=O

11--nitrosonitroso--22--naphtolnaphtol :: yellowyellow--orangeorange
:: Fe,Fe, NiNi oror CrCr ionsions
:::: greengreen andand brownbrown complexescomplexes

11--nitrosonitroso--22--naphtolnaphtol :: yellowyellow--orangeorange
:: Fe,Fe, NiNi oror CrCr ionsions
:::: greengreen andand brownbrown complexescomplexes

O OOH O OOH

detergentsdetergentsdetergentsdetergents

lk li l llk li l l 2 102 10 55 l/ll/llk li l llk li l l 2 102 10 55 l/ll/l
0.60.6

alkalic xylenol orange alkalic xylenol orange 2.102.10––55 mol/lmol/l
1 1 –– XO, pH 10.5 XO, pH 10.5 
2 2 –– XO and 5.10XO and 5.10––44 mol/l CPB pH 10.5mol/l CPB pH 10.5

alkalic xylenol orange alkalic xylenol orange 2.102.10––55 mol/lmol/l
1 1 –– XO, pH 10.5 XO, pH 10.5 
2 2 –– XO and 5.10XO and 5.10––44 mol/l CPB pH 10.5mol/l CPB pH 10.5
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molecular compoundsmolecular compoundsmolecular compoundsmolecular compounds
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wavelength (nm)wavelength (nm)

: : aromatic hydrocarbons with electrophilic substituentsaromatic hydrocarbons with electrophilic substituents: : aromatic hydrocarbons with electrophilic substituentsaromatic hydrocarbons with electrophilic substituents

: : aromates, heterocycl. bases aromates, heterocycl. bases && arom. compounds with nucleoph. substituents arom. compounds with nucleoph. substituents : : aromates, heterocycl. bases aromates, heterocycl. bases && arom. compounds with nucleoph. substituents arom. compounds with nucleoph. substituents 

ququinhydroninhydroneeququinhydroninhydronee 211211211211



use of colournessuse of colourness
in clinical diagnosticsin clinical diagnostics
use of colournessuse of colourness
in clinical diagnosticsin clinical diagnosticsin clinical diagnosticsin clinical diagnosticsin clinical diagnosticsin clinical diagnostics

acidoacido--basic indicatorsbasic indicatorsacidoacido--basic indicatorsbasic indicators

pH determinationpH determinationpH determinationpH determinationpH determination pH determination pH determination pH determination 

: : alkalimetricalkalimetric titration titration ⇒⇒
determination of total protein bydetermination of total protein by KjeldahlKjeldahl methodmethod (NH(NH ))

: : alkalimetricalkalimetric titration titration ⇒⇒
determination of total protein bydetermination of total protein by KjeldahlKjeldahl methodmethod (NH(NH ))determination of total protein by determination of total protein by KjeldahlKjeldahl methodmethod (NH(NH33))determination of total protein by determination of total protein by KjeldahlKjeldahl methodmethod (NH(NH33))

: : orientationalorientational pH determination pH determination ⇒⇒
ii tit ti d t i ti f i l Htit ti d t i ti f i l H i d i di ti d i di t

: : orientationalorientational pH determination pH determination ⇒⇒
ii tit ti d t i ti f i l Htit ti d t i ti f i l H i d i di ti d i di tsemisemi--quantitative determination of urinal pH quantitative determination of urinal pH –– mixed indicatorsmixed indicators

(continuous transition)(continuous transition)
semisemi--quantitative determination of urinal pH quantitative determination of urinal pH –– mixed indicatorsmixed indicators

(continuous transition)(continuous transition)

analyte determinationanalyte determinationanalyte determinationanalyte determination

: semi: semi--quantitative determination of serum albumin quantitative determination of serum albumin –– protein errorprotein error: semi: semi--quantitative determination of serum albumin quantitative determination of serum albumin –– protein errorprotein error

: semi: semi--quantitative urea determination quantitative urea determination –– urease reaction, NHurease reaction, NH33 productionproduction: semi: semi--quantitative urea determination quantitative urea determination –– urease reaction, NHurease reaction, NH33 productionproduction

: microbial contamination indication : microbial contamination indication –– process of sugars into organic acidsprocess of sugars into organic acids: microbial contamination indication : microbial contamination indication –– process of sugars into organic acidsprocess of sugars into organic acids
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redox indicators redox indicators redox indicators redox indicators 

determination of reducing/oxidising substancesdetermination of reducing/oxidising substancesdetermination of reducing/oxidising substancesdetermination of reducing/oxidising substances

:: determination of ascorbic acid (vitamin C)determination of ascorbic acid (vitamin C):: determination of ascorbic acid (vitamin C)determination of ascorbic acid (vitamin C): : determination of ascorbic acid (vitamin C)determination of ascorbic acid (vitamin C)
: : oxidative copulation oxidative copulation –– glucose determination, uric acid, cholesterolglucose determination, uric acid, cholesterol
: : ELISA determination with POD ELISA determination with POD (horse(horse--reddish peroxidase)reddish peroxidase)
:: AST ALT enzymes determinationAST ALT enzymes determination (phosphatases)(phosphatases)

: : determination of ascorbic acid (vitamin C)determination of ascorbic acid (vitamin C)
: : oxidative copulation oxidative copulation –– glucose determination, uric acid, cholesterolglucose determination, uric acid, cholesterol
: : ELISA determination with POD ELISA determination with POD (horse(horse--reddish peroxidase)reddish peroxidase)
:: AST ALT enzymes determinationAST ALT enzymes determination (phosphatases)(phosphatases): : AST, ALT enzymes determination AST, ALT enzymes determination (phosphatases)(phosphatases)

using using secondary enzymatic redox reactionsecondary enzymatic redox reaction
: : AST, ALT enzymes determination AST, ALT enzymes determination (phosphatases)(phosphatases)

using using secondary enzymatic redox reactionsecondary enzymatic redox reaction

organoorgano--agents and metallochromic indicatorsagents and metallochromic indicatorsorganoorgano--agents and metallochromic indicatorsagents and metallochromic indicators

t l i d t i tit l i d t i ti ClCl (I)(I) C (II)C (II) M (II)M (II) C (II)C (II) F (II)F (II)t l i d t i tit l i d t i ti ClCl (I)(I) C (II)C (II) M (II)M (II) C (II)C (II) F (II)F (II)metal ions determination metal ions determination –– ClCl (I)(I),, Ca(II)Ca(II),, Mg(II)Mg(II),, Cu(II)Cu(II),, Fe(II) Fe(II) metal ions determination metal ions determination –– ClCl (I)(I),, Ca(II)Ca(II),, Mg(II)Mg(II),, Cu(II)Cu(II),, Fe(II) Fe(II) 

chlorides chlorides –– titration Hg(NOtitration Hg(NO33))22; ; Hg(II) Hg(II) + + diphenylcarbazondiphenylcarbazon –– blueblue--violet colourviolet colour
l il i IIIIII l hth l il hth l i ll

chlorides chlorides –– titration Hg(NOtitration Hg(NO33))22; ; Hg(II) Hg(II) + + diphenylcarbazondiphenylcarbazon –– blueblue--violet colourviolet colour
l il i IIIIII l hth l il hth l i llcalcium calcium –– arsenazearsenaze III, III, oo --cresolphthaleincresolphthalein complexoncomplexon

magnesium magnesium –– magonmagon, , calmagitcalmagit
copper copper –– bathocuproinebathocuproine

calcium calcium –– arsenazearsenaze III, III, oo --cresolphthaleincresolphthalein complexoncomplexon
magnesium magnesium –– magonmagon, , calmagitcalmagit
copper copper –– bathocuproinebathocuproine
iron iron –– bathophenanthrolinebathophenanthroline, , ferrozineferrozineiron iron –– bathophenanthrolinebathophenanthroline, , ferrozineferrozine
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copulation agentscopulation agentscopulation agentscopulation agents

azocopulationazocopulation ⇒⇒azocopulationazocopulation ⇒⇒

determination of reacting substancesdetermination of reacting substancesdetermination of reacting substancesdetermination of reacting substances

pp
: : azoazo--dyes dyes –– conductive connection of conjugation chain of double bondsconductive connection of conjugation chain of double bonds
of original molecules by of original molecules by azoazo--group group ⇒⇒ planaryplanary structure of new moleculestructure of new molecule

pp
: : azoazo--dyes dyes –– conductive connection of conjugation chain of double bondsconductive connection of conjugation chain of double bonds
of original molecules by of original molecules by azoazo--group group ⇒⇒ planaryplanary structure of new moleculestructure of new molecule

: : aryl aryl diazoniumdiazonium cation as cation as electrophilicelectrophilic agentagent
: : activation of activation of pp--position of phenol by dissociation of hydroxyl hydrogenposition of phenol by dissociation of hydroxyl hydrogen
: : aryl aryl diazoniumdiazonium cation as cation as electrophilicelectrophilic agentagent
: : activation of activation of pp--position of phenol by dissociation of hydroxyl hydrogenposition of phenol by dissociation of hydroxyl hydrogen

CC66HH55−⎯−⎯N=N=⎯⎯NN+   +   +  +  −−CC66HH55––RR →→ CC66HH55––NN==NN––CC66HH44––RRCC66HH55−⎯−⎯N=N=⎯⎯NN+   +   +  +  −−CC66HH55––RR →→ CC66HH55––NN==NN––CC66HH44––RR

reaction of bilirubin with reaction of bilirubin with diazosulphanilicdiazosulphanilic acidacidreaction of bilirubin with reaction of bilirubin with diazosulphanilicdiazosulphanilic acidacid
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oxidative copulation oxidative copulation ⇒⇒oxidative copulation oxidative copulation ⇒⇒

: : molecule with two aromatic rings conjugated through molecule with two aromatic rings conjugated through iminoimino--groupgroup

: : new molecule has new molecule has quinoidquinoid structurestructure

: : molecule with two aromatic rings conjugated through molecule with two aromatic rings conjugated through iminoimino--groupgroup

: : new molecule has new molecule has quinoidquinoid structurestructure

: : further further substituentssubstituents increase its polarisation increase its polarisation ⇒⇒ highly colourfulhighly colourful

use of created hydrogen peroxideuse of created hydrogen peroxide

: : further further substituentssubstituents increase its polarisation increase its polarisation ⇒⇒ highly colourfulhighly colourful

use of created hydrogen peroxideuse of created hydrogen peroxideuse of created hydrogen peroxideuse of created hydrogen peroxide

CC66HH55––RR ++ 22 HH22OO22
PODPOD>> O=CO=C66HH44––RR ++ 33 HH22OO

RR NHNH ++ O CO C HH RR RR N CN C HH RR ++ HH OO

use of created hydrogen peroxideuse of created hydrogen peroxide

CC66HH55––RR ++ 22 HH22OO22
PODPOD>> O=CO=C66HH44––RR ++ 33 HH22OO

RR NHNH ++ O CO C HH RR RR N CN C HH RR ++ HH OORR––NHNH22 ++ O=CO=C66HH44––RR →→ RR––N=CN=C66HH44––RR ++ HH22OORR––NHNH22 ++ O=CO=C66HH44––RR →→ RR––N=CN=C66HH44––RR ++ HH22OO

––RR isis =O,=O, ––NHNH22––RR isis =O,=O, ––NHNH22

nonnon--chromogenicchromogenic products are products are transformed into colourfultransformed into colourfulnonnon--chromogenicchromogenic products are products are transformed into colourfultransformed into colourful

11 hth l h h thth l h h t ACPACP 11 ht lht l l til ti l f l d tl f l d t11 hth l h h thth l h h t ACPACP 11 ht lht l l til ti l f l d tl f l d t11--naphthyl phosphate  naphthyl phosphate  ACPACP>> 11--naphtyl + naphtyl + copulation copulation agag.. ⇒⇒ colourful productcolourful product11--naphthyl phosphate  naphthyl phosphate  ACPACP>> 11--naphtyl + naphtyl + copulation copulation agag.. ⇒⇒ colourful productcolourful product

acidic phosphataseacidic phosphataseacidic phosphataseacidic phosphatase
215215215215



redox agents redox agents redox agents redox agents 

determination of reacting substancesdetermination of reacting substancesdetermination of reacting substancesdetermination of reacting substances

oxidation oxidation ⇒⇒oxidation oxidation ⇒⇒

transformation of reduced transformation of reduced leucoformsleucoforms into into colourfulcolourfultransformation of reduced transformation of reduced leucoformsleucoforms into into colourfulcolourful

3,33,3´́,5,5,5,5´́--tetramethylbenzidinetetramethylbenzidine and oxidation to blueand oxidation to blue

:: oxidation intermediateoxidation intermediate –– semisemi--quinonequinone

3,33,3´́,5,5,5,5´́--tetramethylbenzidinetetramethylbenzidine and oxidation to blueand oxidation to blue

:: oxidation intermediateoxidation intermediate –– semisemi--quinonequinone: : oxidation intermediate oxidation intermediate semisemi quinonequinone: : oxidation intermediate oxidation intermediate semisemi quinonequinone
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chromogenic substrates for enzyme reactionschromogenic substrates for enzyme reactionschromogenic substrates for enzyme reactionschromogenic substrates for enzyme reactions

colourful themcolourful them--selves, or by enzymatic transformation created colourful productselves, or by enzymatic transformation created colourful productcolourful themcolourful them--selves, or by enzymatic transformation created colourful productselves, or by enzymatic transformation created colourful product

44 it h l h h tit h l h h t ALPALP>> 44 it h lit h l44 it h l h h tit h l h h t ALPALP>> 44 it h lit h l

alk. phosphatasealk. phosphatasealk. phosphatasealk. phosphatase

44--nitrophenyl phosphate  nitrophenyl phosphate  ALPALP>> 44--nitrophenolnitrophenol

312 nm                        404 nm312 nm                        404 nm

44--nitrophenyl phosphate  nitrophenyl phosphate  ALPALP>> 44--nitrophenolnitrophenol

312 nm                        404 nm312 nm                        404 nm

LL l t ll t l 33 bb 44 it ilidit ilid GMTGMT 55 ii 22 it b i idit b i idLL l t ll t l 33 bb 44 it ilidit ilid GMTGMT 55 ii 22 it b i idit b i id

glutamate transferaseglutamate transferaseglutamate transferaseglutamate transferase

LL--γγ--glutamylglutamyl--33--carboxycarboxy--44--nitroanilid  nitroanilid  GMTGMT>> 55--aminoamino--22--nitrobenzoic acidnitrobenzoic acidLL--γγ--glutamylglutamyl--33--carboxycarboxy--44--nitroanilid  nitroanilid  GMTGMT>> 55--aminoamino--22--nitrobenzoic acidnitrobenzoic acid

217217217217



biomolecule labellingbiomolecule labellingbiomolecule labellingbiomolecule labelling

: : affinityaffinity –– weak interactionsweak interactions: : affinityaffinity –– weak interactionsweak interactions : : peptides/proteinspeptides/proteins
:: NANA
: : peptides/proteinspeptides/proteins
:: NANA: : covalentcovalent: : covalentcovalent

label typeslabel types
affinityaffinity : chromophores fluorophores: chromophores fluorophores
label typeslabel types
affinityaffinity : chromophores fluorophores: chromophores fluorophores

: : NANA: : NANA

affinityaffinity : chromophores, fluorophores: chromophores, fluorophores

covalent covalent : isotopic (radioactive, heavy): isotopic (radioactive, heavy)
h h fl h l i hh h fl h l i h

affinityaffinity : chromophores, fluorophores: chromophores, fluorophores

covalent covalent : isotopic (radioactive, heavy): isotopic (radioactive, heavy)
h h fl h l i hh h fl h l i h: chromophores, fluorophores, luminophores: chromophores, fluorophores, luminophores

: enzymes: enzymes
: chromophores, fluorophores, luminophores: chromophores, fluorophores, luminophores
: enzymes: enzymes

modificationmodification
: : chemicalchemical
modificationmodification
: : chemicalchemical
: : enzymaticalenzymatical: : enzymaticalenzymatical

RR1 1 is labelis label
RR2 2 is biomoleculeis biomolecule
RR1 1 is labelis label
RR2 2 is biomoleculeis biomolecule
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medical microbiologymedical microbiologymedical microbiologymedical microbiology
diagnostic approachesdiagnostic approachesdiagnostic approachesdiagnostic approaches

microorganismsmicroorganisms –– basicbasic componentcomponent ofof biospherebiospheremicroorganismsmicroorganisms –– basicbasic componentcomponent ofof biospherebiospherec oo ga s sc oo ga s s bas cbas c co po e tco po e t oo b osp e eb osp e ec oo ga s sc oo ga s s bas cbas c co po e tco po e t oo b osp e eb osp e e

: : pathogenic pathogenic –– health dangeroushealth dangerous
i l th ii l th i d l ti (d l ti (E h i hi liE h i hi li ))

: : pathogenic pathogenic –– health dangeroushealth dangerous
i l th ii l th i d l ti (d l ti (E h i hi liE h i hi li )): : occasional pathogenicoccasional pathogenic –– dangerous only sometimes (dangerous only sometimes (Escherichia coli Escherichia coli ) ) : : occasional pathogenicoccasional pathogenic –– dangerous only sometimes (dangerous only sometimes (Escherichia coli Escherichia coli ) ) 

medicalmedical microbiologymicrobiology –– microbiologicmicrobiologic analysisanalysismedicalmedical microbiologymicrobiology –– microbiologicmicrobiologic analysisanalysis
proofproof ofof etiologicetiologic agentagent –– infectioninfection progenitorprogenitor;; itsits sensitivitysensitivity toto antibioticsantibiotics
andand chemotherapeuticschemotherapeutics
proofproof ofof etiologicetiologic agentagent –– infectioninfection progenitorprogenitor;; itsits sensitivitysensitivity toto antibioticsantibiotics
andand chemotherapeuticschemotherapeutics

medicallymedically importantimportant microorganismsmicroorganisms
:: bacteriabacteria
:: microscopicmicroscopic fungifungi

medicallymedically importantimportant microorganismsmicroorganisms
:: bacteriabacteria
:: microscopicmicroscopic fungifungi:: microscopicmicroscopic fungifungi
:: protozoaprotozoa
:: virusesviruses

b lb l ( )( )

:: microscopicmicroscopic fungifungi
:: protozoaprotozoa
:: virusesviruses

b lb l ( )( ):: subviralsubviral agentagent (prions)(prions):: subviralsubviral agentagent (prions)(prions)
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generalgeneral approachapproach inin microbiologicmicrobiologic diagnosticsdiagnosticsgeneralgeneral approachapproach inin microbiologicmicrobiologic diagnosticsdiagnostics

:: clinicalclinical investigationinvestigation ofof patientpatient

:: collectioncollection andand transporttransport ofof samplesample

:: clinicalclinical investigationinvestigation ofof patientpatient

:: collectioncollection andand transporttransport ofof samplesample

:: evidenceevidence andand formulationformulation ofof approachapproach

11stst seriesseries:: microscopy,microscopy, antigenantigen andand DNA/RNADNA/RNA detectiondetection

:: evidenceevidence andand formulationformulation ofof approachapproach

11stst seriesseries:: microscopy,microscopy, antigenantigen andand DNA/RNADNA/RNA detectiondetection

22ndnd seriesseries:: isolationisolation ofof agent,agent, eventevent.. indirectindirect proofproof

33rdrd seriesseries:: identificationidentification ofof agentagent

22ndnd seriesseries:: isolationisolation ofof agent,agent, eventevent.. indirectindirect proofproof

33rdrd seriesseries:: identificationidentification ofof agentagent

44thth seriesseries:: determinationdetermination ofof sensitivitysensitivity onon antibioticsantibiotics

:: diagnosisdiagnosis andand therapytherapy

44thth seriesseries:: determinationdetermination ofof sensitivitysensitivity onon antibioticsantibiotics

:: diagnosisdiagnosis andand therapytherapygg pypygg pypy

directdirect proofproof:: microorganismmicroorganism findingfinding
:: microscopicallymicroscopically –– shape,shape, stainingstaining
directdirect proofproof:: microorganismmicroorganism findingfinding
:: microscopicallymicroscopically –– shape,shape, stainingstainingp yp y p ,p , gg
:: immunologicallyimmunologically –– proofproof ofof pathogenicpathogenic antigensantigens
:: geneticallygenetically –– sequensequencingcing
:: biochemicallybiochemically –– proofproof ofof specificspecific pathogenpathogen metabolitesmetabolites

p yp y p ,p , gg
:: immunologicallyimmunologically –– proofproof ofof pathogenicpathogenic antigensantigens
:: geneticallygenetically –– sequensequencingcing
:: biochemicallybiochemically –– proofproof ofof specificspecific pathogenpathogen metabolitesmetabolites:: biochemicallybiochemically proofproof ofof specificspecific pathogenpathogen metabolitesmetabolites:: biochemicallybiochemically proofproof ofof specificspecific pathogenpathogen metabolitesmetabolites

indirectindirect proofproof:: immunologicallyimmunologically –– findingfinding ofof antibodiesantibodies againstagainst pathogenspathogensindirectindirect proofproof:: immunologicallyimmunologically –– findingfinding ofof antibodiesantibodies againstagainst pathogenspathogens
220220220220



microscopic proofmicroscopic proofmicroscopic proofmicroscopic proof

:: fast and cheapfast and cheap:: fast and cheapfast and cheap: : fast and cheapfast and cheap
: : less sensitive less sensitive –– from concentration 10from concentration 1055 / ml/ ml
: : fast and cheapfast and cheap
: : less sensitive less sensitive –– from concentration 10from concentration 1055 / ml/ ml

native preparationnative preparationnative preparationnative preparation

:: proofproof ofof largerlarger microorganismsmicroorganisms –– somesome parasitesparasites andand coetaneouscoetaneous fungifungi:: proofproof ofof largerlarger microorganismsmicroorganisms –– somesome parasitesparasites andand coetaneouscoetaneous fungifungi

:::: syphilissyphilis diagnosticsdiagnostics ((TrepomenaTrepomena pallidum,pallidum, treponemata)treponemata)

:: mycologicmycologic preparationspreparations –– „native“„native“ onlyonly inin technicaltechnical sensesense;; stainedstained byby ParkerParker
i ki k flfl dd

:::: syphilissyphilis diagnosticsdiagnostics ((TrepomenaTrepomena pallidum,pallidum, treponemata)treponemata)

:: mycologicmycologic preparationspreparations –– „native“„native“ onlyonly inin technicaltechnical sensesense;; stainedstained byby ParkerParker
i ki k flfl dd

stained preparationstained preparationstained preparationstained preparation

inkink oror fluorescencefluorescence dyedyeinkink oror fluorescencefluorescence dyedye

fixationfixation –– disruptiondisruption andand adhesionadhesion ofof microbialmicrobial cellscells onon microscopicmicroscopic slideslide
heatingheating ofof thethe overlayoverlay overover flameflame oror denaturationdenaturation byby chemicalchemical agentsagents
(regardful(regardful;; methanolmethanol proteinprotein antigensantigens ethanolethanol virusesviruses acetone)acetone)

fixationfixation –– disruptiondisruption andand adhesionadhesion ofof microbialmicrobial cellscells onon microscopicmicroscopic slideslide
heatingheating ofof thethe overlayoverlay overover flameflame oror denaturationdenaturation byby chemicalchemical agentsagents
(regardful(regardful;; methanolmethanol proteinprotein antigensantigens ethanolethanol virusesviruses acetone)acetone)(regardful(regardful;; methanol,methanol, proteinprotein antigensantigens –– ethanol,ethanol, virusesviruses –– acetone)acetone)

:: orientationalorientational simplesimple stainingstaining –– methylenemethylene blueblue
di idi i i ii i ((diff i ldiff i l)) dd hlhl

(regardful(regardful;; methanol,methanol, proteinprotein antigensantigens –– ethanol,ethanol, virusesviruses –– acetone)acetone)

:: orientationalorientational simplesimple stainingstaining –– methylenemethylene blueblue
di idi i i ii i ((diff i ldiff i l)) dd hlhl:: diagnosticdiagnostic stainingstaining ((differentialdifferential)) –– stainingstaining accordingaccording toto Gram,Gram, ZiehlZiehl--

Neelsen,Neelsen, GiemsGiemsaa andand fluorescencefluorescence stainingstaining approachesapproaches
:: diagnosticdiagnostic stainingstaining ((differentialdifferential)) –– stainingstaining accordingaccording toto Gram,Gram, ZiehlZiehl--
Neelsen,Neelsen, GiemsGiemsaa andand fluorescencefluorescence stainingstaining approachesapproaches

221221221221



GramGram stainingstaining

:: presencepresence ofof microorganismsmicroorganisms (significant(significant number)number)

GramGram stainingstaining

:: presencepresence ofof microorganismsmicroorganisms (significant(significant number)number):: presencepresence ofof microorganismsmicroorganisms (significant(significant number)number)
:: size,size, shapeshape ((coccicocci,, bacillibacilli......))
:: mutualmutual arrangementarrangement ((diplodiplo--,, staphylostaphylo--,, streptostrepto-- etcetc.. ))

:: presencepresence ofof microorganismsmicroorganisms (significant(significant number)number)
:: size,size, shapeshape ((coccicocci,, bacillibacilli......))
:: mutualmutual arrangementarrangement ((diplodiplo--,, staphylostaphylo--,, streptostrepto-- etcetc.. ))

preparationpreparation backgroundbackground –– presencepresence andand viewview ofof macroorganismmacroorganism cellscells
(epithelia(epithelia oror leucocytes)leucocytes) andand otherother structuresstructures (mucous(mucous fibresfibres etcetc.. ))
preparationpreparation backgroundbackground –– presencepresence andand viewview ofof macroorganismmacroorganism cellscells
(epithelia(epithelia oror leucocytes)leucocytes) andand otherother structuresstructures (mucous(mucous fibresfibres etcetc.. ))

dividesdivides microbesmicrobes intointo blueblue--violetviolet colouredcoloured gramgram--positivepositive microbesmicrobes
pinkpink toto redred colouredcoloured gramgram--negativenegative microbesmicrobes

dividesdivides microbesmicrobes intointo blueblue--violetviolet colouredcoloured gramgram--positivepositive microbesmicrobes
pinkpink toto redred colouredcoloured gramgram--negativenegative microbesmicrobes

procedureprocedure:: fixedfixed preparationpreparation forfor 2020 ss intointo solutionsolution ofof crystalcrystal violetviolet;; thenthen forfor 2020
ss inin iodineiodine solution,solution, alcoholalcohol washingwashing (max(max.. 2020 s),s), waterwater washing,washing, immersingimmersing
procedureprocedure:: fixedfixed preparationpreparation forfor 2020 ss intointo solutionsolution ofof crystalcrystal violetviolet;; thenthen forfor 2020
ss inin iodineiodine solution,solution, alcoholalcohol washingwashing (max(max.. 2020 s),s), waterwater washing,washing, immersingimmersingss inin iodineiodine solution,solution, alcoholalcohol washingwashing (max(max.. 2020 s),s), waterwater washing,washing, immersingimmersing
intointo saphraninesaphranine solutionsolution andand finalfinal waterwater washingwashing
ss inin iodineiodine solution,solution, alcoholalcohol washingwashing (max(max.. 2020 s),s), waterwater washing,washing, immersingimmersing
intointo saphraninesaphranine solutionsolution andand finalfinal waterwater washingwashing

structurestructure ofof bacterialbacterial wallwall –– complexcomplex ofof crystalcrystal violetviolet withwith iodineiodine isis withinwithin gramgram--structurestructure ofof bacterialbacterial wallwall –– complexcomplex ofof crystalcrystal violetviolet withwith iodineiodine isis withinwithin gramgram--structurestructure ofof bacterialbacterial wallwall complexcomplex ofof crystalcrystal violetviolet withwith iodineiodine isis withinwithin gramgram
negativenegative bacteriabacteria easilyeasily washedwashed outout byby alcoholalcohol;; theythey couldcould bebe thenthen easilyeasily
stainedstained pinkpink byby saphraninesaphranine oror diluteddiluted fuchsinefuchsine

structurestructure ofof bacterialbacterial wallwall complexcomplex ofof crystalcrystal violetviolet withwith iodineiodine isis withinwithin gramgram
negativenegative bacteriabacteria easilyeasily washedwashed outout byby alcoholalcohol;; theythey couldcould bebe thenthen easilyeasily
stainedstained pinkpink byby saphraninesaphranine oror diluteddiluted fuchsinefuchsine

diagnosticsdiagnostics ofof purulentpurulent affectionsaffections (meningitis,(meningitis, gonorrhoea,gonorrhoea, anaerobicanaerobic
infection,infection, inflammations)inflammations)
diagnosticsdiagnostics ofof purulentpurulent affectionsaffections (meningitis,(meningitis, gonorrhoea,gonorrhoea, anaerobicanaerobic
infection,infection, inflammations)inflammations) 222222222222



ZiehlZiehl--NeelsenNeelsen stainingstaining

bacteriabacteria unstainableunstainable byby GramGram procedureprocedure ((MycobacteriumMycobacterium tuberculosistuberculosis ))

ZiehlZiehl--NeelsenNeelsen stainingstaining

bacteriabacteria unstainableunstainable byby GramGram procedureprocedure ((MycobacteriumMycobacterium tuberculosistuberculosis ))

procedureprocedure:: fixedfixed preparationpreparation isis stainedstained whilewhile steamsteam heatingheating inin carbolfuchsine,carbolfuchsine,
destaindestain byby acidicacidic alcoholalcohol andand rere--stainingstaining withwith ee..gg.. methylenemethylene blueblue;; acidoacido--
resistantresistant bacillibacilli areare stainedstained pinkpink preparationpreparation backgroundbackground isis blueblue

procedureprocedure:: fixedfixed preparationpreparation isis stainedstained whilewhile steamsteam heatingheating inin carbolfuchsine,carbolfuchsine,
destaindestain byby acidicacidic alcoholalcohol andand rere--stainingstaining withwith ee..gg.. methylenemethylene blueblue;; acidoacido--
resistantresistant bacillibacilli areare stainedstained pinkpink preparationpreparation backgroundbackground isis blueblueresistantresistant bacillibacilli areare stainedstained pink,pink, preparationpreparation backgroundbackground isis blueblueresistantresistant bacillibacilli areare stainedstained pink,pink, preparationpreparation backgroundbackground isis blueblue

fluorescencefluorescence stainingstainingfluorescencefluorescence stainingstaining

:: moremore sensitivesensitive proofproof ofof acidoacido--resistantresistant bacillibacilli

procedureprocedure:: heatheat fixedfixed preparationpreparation idid stainedstained byby mixturemixture ofof fluorescencefluorescence dyesdyes
ii dd h d ih d i diff ti tdiff ti t bb idiidi l h ll h l t i it i i bb

:: moremore sensitivesensitive proofproof ofof acidoacido--resistantresistant bacillibacilli

procedureprocedure:: heatheat fixedfixed preparationpreparation idid stainedstained byby mixturemixture ofof fluorescencefluorescence dyesdyes
ii dd h d ih d i diff ti tdiff ti t bb idiidi l h ll h l t i it i i bbauramineauramine andand rhodamine,rhodamine, differentiatesdifferentiates byby acidicacidic alcohol,alcohol, rere--stainingstaining byby

fuchsinefuchsine;; onon darkdark crimsoncrimson preparationpreparation backgroundbackground brilliantbrilliant yellowyellow bacillibacilli
auramineauramine andand rhodamine,rhodamine, differentiatesdifferentiates byby acidicacidic alcohol,alcohol, rere--stainingstaining byby
fuchsinefuchsine;; onon darkdark crimsoncrimson preparationpreparation backgroundbackground brilliantbrilliant yellowyellow bacillibacilli

GiemsaGiemsa--RomanowskyRomanowsky stainingstaining

:: inin haematologyhaematology servesserves toto stainstain smearsmear bloodblood;; inin microbiologymicrobiology toto proveprove
protozoaprotozoa (malaria(malaria trypanosomestrypanosomes leishmanialeishmania trichomonas)trichomonas) poorlypoorly GramGram

GiemsaGiemsa--RomanowskyRomanowsky stainingstaining

:: inin haematologyhaematology servesserves toto stainstain smearsmear bloodblood;; inin microbiologymicrobiology toto proveprove
protozoaprotozoa (malaria(malaria trypanosomestrypanosomes leishmanialeishmania trichomonas)trichomonas) poorlypoorly GramGramprotozoaprotozoa (malaria,(malaria, trypanosomes,trypanosomes, leishmania,leishmania, trichomonas),trichomonas), poorlypoorly GramGram
stainedstained bacteriabacteria (ehrlichia,(ehrlichia, rickettsiarickettsia etcetc.. )) andand toto picturepicture viralviral inclusionsinclusions

procedureprocedure:: fixedfixed byby methanolmethanol andand stainedstained forfor 22 hh byby GiemsaGiemsa dyedye ((11::1010 waterwater

protozoaprotozoa (malaria,(malaria, trypanosomes,trypanosomes, leishmania,leishmania, trichomonas),trichomonas), poorlypoorly GramGram
stainedstained bacteriabacteria (ehrlichia,(ehrlichia, rickettsiarickettsia etcetc.. )) andand toto picturepicture viralviral inclusionsinclusions

procedureprocedure:: fixedfixed byby methanolmethanol andand stainedstained forfor 22 hh byby GiemsaGiemsa dyedye ((11::1010 waterwaterprocedureprocedure:: fixedfixed byby methanolmethanol andand stainedstained forfor 22 hh byby GiemsaGiemsa dyedye ((11::1010 waterwater
diluted)diluted).. GiemsaGiemsa dyedye –– azureazure withwith eosineosin;; bacteriabacteria areare stainedstained darkdark blue,blue, nucleinuclei
ofof protozoaprotozoa lake,lake, theirtheir cytoplasmcytoplasm lightlight blueblue

procedureprocedure:: fixedfixed byby methanolmethanol andand stainedstained forfor 22 hh byby GiemsaGiemsa dyedye ((11::1010 waterwater
diluted)diluted).. GiemsaGiemsa dyedye –– azureazure withwith eosineosin;; bacteriabacteria areare stainedstained darkdark blue,blue, nucleinuclei
ofof protozoaprotozoa lake,lake, theirtheir cytoplasmcytoplasm lightlight blueblue
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cultivation proofcultivation proofcultivation proofcultivation proofisolation,isolation, cultivationcultivation ofof microorganismmicroorganism ⇒⇒ directdirect evidenceevidenceisolation,isolation, cultivationcultivation ofof microorganismmicroorganism ⇒⇒ directdirect evidenceevidence

procedureprocedure
:: onon cultivationcultivation mediamedia :: bacteria,bacteria, yeasts,yeasts, mouldmould andand protozoaprotozoa
:: inin cellcell culturescultures ((inin vitrovitro,, inin vivovivo)) :: protozoaprotozoa andand intracellularintracellular parasitesparasites

procedureprocedure
:: onon cultivationcultivation mediamedia :: bacteria,bacteria, yeasts,yeasts, mouldmould andand protozoaprotozoa
:: inin cellcell culturescultures ((inin vitrovitro,, inin vivovivo)) :: protozoaprotozoa andand intracellularintracellular parasitesparasites(( ,, )) pp pp(( ,, )) pp pp

cultivation mediacultivation mediacultivation mediacultivation media

basic liquid mediumbasic liquid medium (bouillon)(bouillon)basic liquid mediumbasic liquid medium (bouillon)(bouillon)basic liquid medium basic liquid medium (bouillon)(bouillon)
: : meat extractmeat extract
:: :: inoculation by loop, incubation in thermostatinoculation by loop, incubation in thermostat

basic liquid medium basic liquid medium (bouillon)(bouillon)
: : meat extractmeat extract
:: :: inoculation by loop, incubation in thermostatinoculation by loop, incubation in thermostat

basic solid medium basic solid medium (nutritive agar)(nutritive agar)
: : algae boiled in bouillon algae boiled in bouillon –– gel (agarose, gel (agarose, agaropectinagaropectin))

l b ll b l b hb h

basic solid medium basic solid medium (nutritive agar)(nutritive agar)
: : algae boiled in bouillon algae boiled in bouillon –– gel (agarose, gel (agarose, agaropectinagaropectin))

l b ll b l b hb h:: :: inoculation by loop inoculation by loop –– cross smearcross smear, incubation in thermostat, incubation in thermostat

enriched mediaenriched media

:: :: inoculation by loop inoculation by loop –– cross smearcross smear, incubation in thermostat, incubation in thermostat

enriched mediaenriched media
: : growth factors (vitamins, AA, nucleotides)growth factors (vitamins, AA, nucleotides)
: : blood agar, egg media (blood agar, egg media (M. tuberculosisM. tuberculosis))
: : growth factors (vitamins, AA, nucleotides)growth factors (vitamins, AA, nucleotides)
: : blood agar, egg media (blood agar, egg media (M. tuberculosisM. tuberculosis))

selective mediaselective media
: : growth inhibitors for unwanted organisms growth inhibitors for unwanted organisms –– selectionselection
selective mediaselective media
: : growth inhibitors for unwanted organisms growth inhibitors for unwanted organisms –– selectionselection
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diagnosticdiagnostic mediamedia
:: growthgrowth factors,factors, selectionselection inhibitors,inhibitors, substratesubstrate andand indicatorindicator
diagnosticdiagnostic mediamedia
:: growthgrowth factors,factors, selectionselection inhibitors,inhibitors, substratesubstrate andand indicatorindicator

EndEnd mediummedium (enteric(enteric bacilli),bacilli), MacConkeyMacConkey mediummediumEndEnd mediummedium (enteric(enteric bacilli),bacilli), MacConkeyMacConkey mediummedium

mediamedia forfor antibioticantibiotic sensitivitysensitivity determinationdetermination
:: growthgrowth factors,factors, selectionselection inhibitors,inhibitors, substratesubstrate andand indicatorindicator
mediamedia forfor antibioticantibiotic sensitivitysensitivity determinationdetermination
:: growthgrowth factors,factors, selectionselection inhibitors,inhibitors, substratesubstrate andand indicatorindicator

MuellerMueller--HintonHinton agaragarMuellerMueller--HintonHinton agaragar

transportationtransportation mediamedia
:: withoutwithout nutrients,nutrients, wet,wet, metabolismmetabolism inhibitorsinhibitors
:::: 2424 hh ofof survivalsurvival

transportationtransportation mediamedia
:: withoutwithout nutrients,nutrients, wet,wet, metabolismmetabolism inhibitorsinhibitors
:::: 2424 hh ofof survivalsurvival:::: 2424 hh ofof survivalsurvival

AmiesAmies mediummedium –– iinorgnorg.. salts,salts, sodiumsodium thioglycatethioglycate,, activeactive carbon,carbon, 00..44%% agaragar

:::: 2424 hh ofof survivalsurvival

AmiesAmies mediummedium –– iinorgnorg.. salts,salts, sodiumsodium thioglycatethioglycate,, activeactive carbon,carbon, 00..44%% agaragar
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inin vitrovitro
:: chickenchicken embryosembryos –– viruses,viruses, ricketsia,ricketsia, chlamydiachlamydia
inin vitrovitro
:: chickenchicken embryosembryos –– viruses,viruses, ricketsia,ricketsia, chlamydiachlamydia

cellular culturescellular culturescellular culturescellular cultures

tissuetissue cultures,cultures, monolayersmonolayers underunder nutritivenutritive solutionsolution (Eagle(Eagle essentialessential minimalminimal
medium)medium)
tissuetissue cultures,cultures, monolayersmonolayers underunder nutritivenutritive solutionsolution (Eagle(Eagle essentialessential minimalminimal
medium)medium)

inin vivovivo
:: guineaguinea--pigs,pigs, micemice

33 R“R“ rulesrules

inin vivovivo
:: guineaguinea--pigs,pigs, micemice

33 R“R“ rulesrules„„33 R“R“ rulesrules
:: refinementrefinement –– carefullycarefully preparedprepared experimentsexperiments underunder bestbest conditionsconditions
:: reductionreduction –– lowestlowest possiblepossible numbernumber ofof animalsanimals

ll dd hh bb hh hh bb

„„33 R“R“ rulesrules
:: refinementrefinement –– carefullycarefully preparedprepared experimentsexperiments underunder bestbest conditionsconditions
:: reductionreduction –– lowestlowest possiblepossible numbernumber ofof animalsanimals

ll dd hh bb hh hh bb:: replacementreplacement –– trytry toto evadeevade thethe vivisectionvivisection byby otherother approach,approach, ee..gg.. byby
tissuetissue culturescultures oror genomicsgenomics

:: replacementreplacement –– trytry toto evadeevade thethe vivisectionvivisection byby otherother approach,approach, ee..gg.. byby
tissuetissue culturescultures oror genomicsgenomics

tuberculoustuberculous mycobacteriamycobacteria g ineag inea pigspigs a ea e andand n epeatablen epeatable samplessamplestuberculoustuberculous mycobacteriamycobacteria g ineag inea pigspigs a ea e andand n epeatablen epeatable samplessamplestuberculoustuberculous mycobacteriamycobacteria –– guineaguinea--pigspigs;; rarerare andand unrepeatableunrepeatable samplessamples
(liquor,(liquor, exemptexempt lymphlymph nodesnodes etcetc.. ))

vivisectionvivisection isis moremore sensitivesensitive thanthan cultivationcultivation –– tularaemiatularaemia oror psittacosispsittacosis

tuberculoustuberculous mycobacteriamycobacteria –– guineaguinea--pigspigs;; rarerare andand unrepeatableunrepeatable samplessamples
(liquor,(liquor, exemptexempt lymphlymph nodesnodes etcetc.. ))

vivisectionvivisection isis moremore sensitivesensitive thanthan cultivationcultivation –– tularaemiatularaemia oror psittacosispsittacosisvivisectionvivisection isis moremore sensitivesensitive thanthan cultivationcultivation tularaemiatularaemia oror psittacosispsittacosis

virologyvirology –– laboratorylaboratory micemice;;
ticktick--borneborne encephalitisencephalitis virusvirus isolation,isolation, coxsackievirusescoxsackieviruses (velamentum(velamentum andand

vivisectionvivisection isis moremore sensitivesensitive thanthan cultivationcultivation tularaemiatularaemia oror psittacosispsittacosis

virologyvirology –– laboratorylaboratory micemice;;
ticktick--borneborne encephalitisencephalitis virusvirus isolation,isolation, coxsackievirusescoxsackieviruses (velamentum(velamentum andand
hearthhearth musclemuscle inflammation)inflammation)

proofsproofs forfor microbialmicrobial toxinstoxins –– notnot possiblepossible withoutwithout vivisectionvivisection

hearthhearth musclemuscle inflammation)inflammation)

proofsproofs forfor microbialmicrobial toxinstoxins –– notnot possiblepossible withoutwithout vivisectionvivisection 226226226226



biochemical proofbiochemical proofbiochemical proofbiochemical proof

saccharidesaccharide mediamedia abilityability ofof microorganismmicroorganism toto metabolisemetabolise certaincertain saccharidesaccharidesaccharidesaccharide mediamedia abilityability ofof microorganismmicroorganism toto metabolisemetabolise certaincertain saccharidesaccharide

diagnostic mediadiagnostic mediadiagnostic mediadiagnostic media

saccharidesaccharide mediamedia –– abilityability ofof microorganismmicroorganism toto metabolisemetabolise certaincertain saccharidesaccharide
productproduct ⇒⇒ acidacid ↓↓ pHpH ofof mediummedium –– acidoacido--basicbasic indicatorindicator

adonitoladonitol arabinosearabinose cellobiosecellobiose galactitolgalactitol fructosefructose galactosegalactose glucoseglucose inositolinositol

saccharidesaccharide mediamedia –– abilityability ofof microorganismmicroorganism toto metabolisemetabolise certaincertain saccharidesaccharide
productproduct ⇒⇒ acidacid ↓↓ pHpH ofof mediummedium –– acidoacido--basicbasic indicatorindicator

adonitoladonitol arabinosearabinose cellobiosecellobiose galactitolgalactitol fructosefructose galactosegalactose glucoseglucose inositolinositoladonitoladonitol,, arabinosearabinose,, cellobiosecellobiose,, galactitolgalactitol,, fructose,fructose, galactosegalactose,, glucose,glucose, inositolinositol,,
inulininulin,, lactose,lactose, maltose,maltose, mannitolmannitol,, mannose,mannose, melesitosemelesitose,, melibiosemelibiose,, rafinoserafinose,,
rhamnoserhamnose,, ribose,ribose, sucrose,sucrose, sorbitolsorbitol,, starch,starch, trehalosetrehalose andand xylosexylose

adonitoladonitol,, arabinosearabinose,, cellobiosecellobiose,, galactitolgalactitol,, fructose,fructose, galactosegalactose,, glucose,glucose, inositolinositol,,
inulininulin,, lactose,lactose, maltose,maltose, mannitolmannitol,, mannose,mannose, melesitosemelesitose,, melibiosemelibiose,, rafinoserafinose,,
rhamnoserhamnose,, ribose,ribose, sucrose,sucrose, sorbitolsorbitol,, starch,starch, trehalosetrehalose andand xylosexylose

substratesubstrate mediamedia –– abilityability toto enzymaticallyenzymatically proceedproceed thethe substratesubstrate
:: deaminationdeamination –– phenylalaninephenylalanine andand tryptophantryptophan
substratesubstrate mediamedia –– abilityability toto enzymaticallyenzymatically proceedproceed thethe substratesubstrate
:: deaminationdeamination –– phenylalaninephenylalanine andand tryptophantryptophanp yp y yp pyp p
:: decarboxylationdecarboxylation –– arginine,arginine, lysinelysine andand ornithineornithine
:: hydrolysishydrolysis –– urea,urea, hippuratehippurate andand tributyrinetributyrine
:: reductionreduction –– nitratesnitrates toto nitritesnitrites

p yp y yp pyp p
:: decarboxylationdecarboxylation –– arginine,arginine, lysinelysine andand ornithineornithine
:: hydrolysishydrolysis –– urea,urea, hippuratehippurate andand tributyrinetributyrine
:: reductionreduction –– nitratesnitrates toto nitritesnitrites:: reductionreduction nitratesnitrates toto nitritesnitrites:: reductionreduction nitratesnitrates toto nitritesnitrites

metabolicmetabolic mediamedia –– taketake--upup ofof certaincertain substancessubstancesmetabolicmetabolic mediamedia –– taketake--upup ofof certaincertain substancessubstances

citrate,citrate, acetateacetate oror malatemalate –– sourcessources ofof carboncarbon
:: growthgrowth factorsfactors
citrate,citrate, acetateacetate oror malatemalate –– sourcessources ofof carboncarbon
:: growthgrowth factorsfactors

auxanogramauxanogram –– determinationdetermination ifif yeastyeast growsgrows notnot betterbetter inin vicinityvicinity ofof tablettablet withwith
certaincertain saccharidesaccharide
auxanogramauxanogram –– determinationdetermination ifif yeastyeast growsgrows notnot betterbetter inin vicinityvicinity ofof tablettablet withwith
certaincertain saccharidesaccharide
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usedused microbialmicrobial enzymesenzymes:: NN--acetylacetyl--ββ--DD--glucosaminidaseglucosaminidase (NAG),(NAG), CC88--esterase,esterase,
l t idl t id ( GA)( GA) ββ l t idl t id (βGA)(βGA) ββ l idl id (βGL)(βGL) ββ

usedused microbialmicrobial enzymesenzymes:: NN--acetylacetyl--ββ--DD--glucosaminidaseglucosaminidase (NAG),(NAG), CC88--esterase,esterase,
l t idl t id ( GA)( GA) ββ l t idl t id (βGA)(βGA) ββ l idl id (βGL)(βGL) ββαα--galactosidasegalactosidase (αGA),(αGA), ββ--galactosidasegalactosidase (βGA),(βGA), ββ--glucosidaseglucosidase (βGL),(βGL), ββ--

glucuronidaseglucuronidase (βGLR),(βGLR), γγ--glutamylglutamyl transferasetransferase (GGT),(GGT), leucylleucyl aminopeptidaseaminopeptidase
(LAP),(LAP), pyrrolidonylarylamidasepyrrolidonylarylamidase (PYR),(PYR), ureaseurease andand ββ--xylosidasexylosidase (βXY)(βXY)

αα--galactosidasegalactosidase (αGA),(αGA), ββ--galactosidasegalactosidase (βGA),(βGA), ββ--glucosidaseglucosidase (βGL),(βGL), ββ--
glucuronidaseglucuronidase (βGLR),(βGLR), γγ--glutamylglutamyl transferasetransferase (GGT),(GGT), leucylleucyl aminopeptidaseaminopeptidase
(LAP),(LAP), pyrrolidonylarylamidasepyrrolidonylarylamidase (PYR),(PYR), ureaseurease andand ββ--xylosidasexylosidase (βXY)(βXY)

immunodetectionimmunodetectionimmunodetectionimmunodetection

agglutinationagglutination onon glassglass--plateplate
:: antigensantigens ofof corpuscorpus andand flagellumflagellum
agglutinationagglutination onon glassglass--plateplate
:: antigensantigens ofof corpuscorpus andand flagellumflagellum

SalmonellaSalmonella enteridisenteridis,, citrobacteria,citrobacteria, pseudomonades,pseudomonades, VibrioVibrio choleraecholerae,, bordetella,bordetella,
meningococcimeningococci
SalmonellaSalmonella enteridisenteridis,, citrobacteria,citrobacteria, pseudomonades,pseudomonades, VibrioVibrio choleraecholerae,, bordetella,bordetella,
meningococcimeningococci

viral identificationviral identificationviral identificationviral identification

virusvirus--neutralisingneutralising testtestvirusvirus--neutralisingneutralising testtestvirusvirus--neutralisingneutralising testtest
:: specificspecific antibodyantibody inhibitsinhibits somesome biologicalbiological effecteffect ofof virusvirus
virusvirus--neutralisingneutralising testtest
:: specificspecific antibodyantibody inhibitsinhibits somesome biologicalbiological effecteffect ofof virusvirus
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antibiotic sensitivityantibiotic sensitivityantibiotic sensitivityantibiotic sensitivity

antibiotics,antibiotics, syntheticsynthetic antianti--microbialmicrobial chemotherapeuticschemotherapeuticsantibiotics,antibiotics, syntheticsynthetic antianti--microbialmicrobial chemotherapeuticschemotherapeutics

lit tilit ti fflit tilit ti ffqualitativequalitative proofproof
discdisc diffusiondiffusion testtest

principleprinciple:: aroundaround thethe discdisc mademade ofof filtrationfiltration paperpaper saturatedsaturated withwith antibioticsantibiotics

qualitativequalitative proofproof
discdisc diffusiondiffusion testtest

principleprinciple:: aroundaround thethe discdisc mademade ofof filtrationfiltration paperpaper saturatedsaturated withwith antibioticsantibioticsprincipleprinciple:: aroundaround thethe discdisc mademade ofof filtrationfiltration paperpaper saturatedsaturated withwith antibiotics,antibiotics,
sensitivesensitive microbemicrobe willwill notnot growgrow –– inhibitioninhibition zonezone ofof certaincertain diameterdiameter isis createdcreated

strainstrain sensitivesensitive towardstowards givengiven antibioticsantibiotics –– zonezone isis samesame oror largerlarger thanthan

principleprinciple:: aroundaround thethe discdisc mademade ofof filtrationfiltration paperpaper saturatedsaturated withwith antibiotics,antibiotics,
sensitivesensitive microbemicrobe willwill notnot growgrow –– inhibitioninhibition zonezone ofof certaincertain diameterdiameter isis createdcreated

strainstrain sensitivesensitive towardstowards givengiven antibioticsantibiotics –– zonezone isis samesame oror largerlarger thanthangg gg
withinwithin referencereference strainstrain

testedtested antibioticsantibiotics –– dependsdepends ofof microbemicrobe species,species, diseasedisease characteristicscharacteristics andand
ll tt ff hi hhi h thth i bi b lti t dlti t d dd l ll l it tiit ti ii

gg gg
withinwithin referencereference strainstrain

testedtested antibioticsantibiotics –– dependsdepends ofof microbemicrobe species,species, diseasedisease characteristicscharacteristics andand
ll tt ff hi hhi h thth i bi b lti t dlti t d dd l ll l it tiit ti iisamplesample type,type, ofof whichwhich thethe microbemicrobe waswas cultivatedcultivated andand onon locallocal situationsituation inin

developmentdevelopment ofof microbialmicrobial resistanceresistance towardstowards antibioticsantibiotics
samplesample type,type, ofof whichwhich thethe microbemicrobe waswas cultivatedcultivated andand onon locallocal situationsituation inin
developmentdevelopment ofof microbialmicrobial resistanceresistance towardstowards antibioticsantibiotics
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quantitative determinationquantitative determinationquantitative determinationquantitative determinationqq
dilution approachesdilution approaches (dilution of antibiotics); (dilution of antibiotics); minimal inhibition concentrationminimal inhibition concentration
(MIC) of given antibiotics for evaluated microbial strain(MIC) of given antibiotics for evaluated microbial strain

qq
dilution approachesdilution approaches (dilution of antibiotics); (dilution of antibiotics); minimal inhibition concentrationminimal inhibition concentration
(MIC) of given antibiotics for evaluated microbial strain(MIC) of given antibiotics for evaluated microbial strain

:: microtitrationmicrotitration plateplate 88xx1212 withwith defineddefined concentrationconcentration ofof certaincertain antibioticsantibiotics
decreasingdecreasing inin geometricgeometric orderorder

:: afterafter inoculationinoculation andand incubationincubation wewe checkcheck ifif bouillonbouillon remainedremained transparenttransparent

:: microtitrationmicrotitration plateplate 88xx1212 withwith defineddefined concentrationconcentration ofof certaincertain antibioticsantibiotics
decreasingdecreasing inin geometricgeometric orderorder

:: afterafter inoculationinoculation andand incubationincubation wewe checkcheck ifif bouillonbouillon remainedremained transparenttransparent:: afterafter inoculationinoculation andand incubationincubation wewe check,check, ifif bouillonbouillon remainedremained transparenttransparent
(total(total growthgrowth inhibition),inhibition), oror ifif therethere isis precipitateprecipitate oror sedimentsediment

MICMIC –– lowestlowest antibioticsantibiotics concentrationconcentration ableable toto stopstop growthgrowth;; μμgg/ml,/ml, mg/lmg/l

:: afterafter inoculationinoculation andand incubationincubation wewe check,check, ifif bouillonbouillon remainedremained transparenttransparent
(total(total growthgrowth inhibition),inhibition), oror ifif therethere isis precipitateprecipitate oror sedimentsediment

MICMIC –– lowestlowest antibioticsantibiotics concentrationconcentration ableable toto stopstop growthgrowth;; μμgg/ml,/ml, mg/lmg/lMICMIC lowestlowest antibioticsantibiotics concentrationconcentration ableable toto stopstop growthgrowth;; μμgg/ml,/ml, mg/lmg/l

minimalminimal germicidalgermicidal concentrationconcentration –– lowestlowest antibioticsantibiotics concentrationconcentration ableable
toto killkill examinedexamined strainstrain

MICMIC lowestlowest antibioticsantibiotics concentrationconcentration ableable toto stopstop growthgrowth;; μμgg/ml,/ml, mg/lmg/l

minimalminimal germicidalgermicidal concentrationconcentration –– lowestlowest antibioticsantibiotics concentrationconcentration ableable
toto killkill examinedexamined strainstrain
:: increasingincreasing concentrationconcentration inin seriesseries

especiallyespecially todaytoday –– resistanceresistance ofof microbesmicrobes towardstowards antimicrobialantimicrobial substancessubstances

:: increasingincreasing concentrationconcentration inin seriesseries

especiallyespecially todaytoday –– resistanceresistance ofof microbesmicrobes towardstowards antimicrobialantimicrobial substancessubstancesp yp y yy

antibioticsantibiotics resistanceresistance –– changechange ofof targettarget molecule,molecule, worsenedworsened penetrationpenetration
intointo cell,cell, increasedincreased excretionexcretion ofof antibioticsantibiotics fromfrom cellcell oror appearanceappearance ofof enzyme,enzyme,

hi hhi h i ii i ibi iibi i

p yp y yy

antibioticsantibiotics resistanceresistance –– changechange ofof targettarget molecule,molecule, worsenedworsened penetrationpenetration
intointo cell,cell, increasedincreased excretionexcretion ofof antibioticsantibiotics fromfrom cellcell oror appearanceappearance ofof enzyme,enzyme,

hi hhi h i ii i ibi iibi iwhichwhich inactivatesinactivates antibioticsantibioticswhichwhich inactivatesinactivates antibioticsantibiotics
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proof of microbial componentproof of microbial componentproof of microbial componentproof of microbial component

indirectindirect proofproofindirectindirect proofproof

tracestraces,, laidlaid duringduring thethe infectioninfection byby pathogenpathogen inin organismorganism

:: microbialmicrobial antigens,antigens, toxins,toxins, metabolicmetabolic productsproducts andand typicaltypical NANA sequencessequences

tracestraces,, laidlaid duringduring thethe infectioninfection byby pathogenpathogen inin organismorganism

:: microbialmicrobial antigens,antigens, toxins,toxins, metabolicmetabolic productsproducts andand typicaltypical NANA sequencessequences

inin majoritymajority ofof casescases itit isis proofproof byby meansmeans ofof antibodyantibody (Ab)(Ab) amountamount
determinationdetermination
inin majoritymajority ofof casescases itit isis proofproof byby meansmeans ofof antibodyantibody (Ab)(Ab) amountamount
determinationdetermination

serologic testserologic test

immunoassayimmunoassay

serologic testserologic test

immunoassayimmunoassayimmunoassayimmunoassayimmunoassayimmunoassay

syphilis,syphilis, glandularglandular fever,fever, HIVHIV infectioninfection etcetc..
:: proofproof ofof significantsignificant increaseincrease ofof AbAb amountamount;; AbAb amountamount isis calledcalled titretitre
syphilis,syphilis, glandularglandular fever,fever, HIVHIV infectioninfection etcetc..
:: proofproof ofof significantsignificant increaseincrease ofof AbAb amountamount;; AbAb amountamount isis calledcalled titretitre:: proofproof ofof significantsignificant increaseincrease ofof AbAb amountamount;; AbAb amountamount isis calledcalled titretitre:: proofproof ofof significantsignificant increaseincrease ofof AbAb amountamount;; AbAb amountamount isis calledcalled titretitre
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case studycase studycase studycase study
X.X.X.X.

method development for clinical diagnosticsmethod development for clinical diagnosticsmethod development for clinical diagnosticsmethod development for clinical diagnostics

determinationdetermination ofof alkalicalkalic phosphatasephosphatasedeterminationdetermination ofof alkalicalkalic phosphatasephosphatase

alkalicalkalic phosphatasephosphatase (ALP)(ALP) –– analyteanalyte relevantrelevant toto liverliver function,function, growthgrowth ofofalkalicalkalic phosphatasephosphatase (ALP)(ALP) –– analyteanalyte relevantrelevant toto liverliver function,function, growthgrowth ofofalkalicalkalic phosphatasephosphatase (ALP)(ALP) analyteanalyte relevantrelevant toto liverliver function,function, growthgrowth ofof
bonebone apparatus,apparatus, placentaplacenta etcetc..

44 mainmain isoenzymesisoenzymes:: osseousosseous hepatichepatic entericenteric andand placentalplacental

alkalicalkalic phosphatasephosphatase (ALP)(ALP) analyteanalyte relevantrelevant toto liverliver function,function, growthgrowth ofof
bonebone apparatus,apparatus, placentaplacenta etcetc..

44 mainmain isoenzymesisoenzymes:: osseousosseous hepatichepatic entericenteric andand placentalplacental44 mainmain isoenzymesisoenzymes:: osseous,osseous, hepatic,hepatic, entericenteric andand placentalplacental

casecase studystudy –– typicaltypical casecase forfor analyticalanalytical methodmethod developmentdevelopment

44 mainmain isoenzymesisoenzymes:: osseous,osseous, hepatic,hepatic, entericenteric andand placentalplacental

casecase studystudy –– typicaltypical casecase forfor analyticalanalytical methodmethod developmentdevelopment

:: influenceinfluence ofof method,method, temperature,temperature, buffer,buffer, modifiers,modifiers, estimationestimation ofof optimaloptimal
substratesubstrate concentration,concentration, approachapproach forfor referencereference intervalinterval determinationdetermination
:: influenceinfluence ofof method,method, temperature,temperature, buffer,buffer, modifiers,modifiers, estimationestimation ofof optimaloptimal
substratesubstrate concentration,concentration, approachapproach forfor referencereference intervalinterval determinationdetermination

++ kitkit manufacturemanufacture andand wayway ofof individualindividual agentsagents stabilisationstabilisation++ kitkit manufacturemanufacture andand wayway ofof individualindividual agentsagents stabilisationstabilisation
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basicbasic propertiesproperties ofof ALPALPbasicbasic propertiesproperties ofof ALPALP

EE..CC..33..11..33..11..
ortophosphoricortophosphoric--monoestermonoester phosphohydrolasephosphohydrolase withwith alkalicalkalic optimumoptimum
EE..CC..33..11..33..11..
ortophosphoricortophosphoric--monoestermonoester phosphohydrolasephosphohydrolase withwith alkalicalkalic optimumoptimump pp p p p yp p y pp

:: catalysescatalyses hydrolysishydrolysis ofof phosphatephosphate monoestersmonoesters toto inorganicinorganic phosphatephosphate
andand respectiverespective alcoholalcohol

p pp p p p yp p y pp

:: catalysescatalyses hydrolysishydrolysis ofof phosphatephosphate monoestersmonoesters toto inorganicinorganic phosphatephosphate
andand respectiverespective alcoholalcoholandand respectiverespective alcoholalcohol

:: itit maymay alsoalso hydrolysehydrolyse allall typestypes ofof compoundscompounds withwith bondsbonds PP--OO--CC,, PP--OO--PP,, PP--SS
andand PP--NN withwith exceptionexception ofof compoundscompounds withwith PP--CC bondbond

andand respectiverespective alcoholalcohol

:: itit maymay alsoalso hydrolysehydrolyse allall typestypes ofof compoundscompounds withwith bondsbonds PP--OO--CC,, PP--OO--PP,, PP--SS
andand PP--NN withwith exceptionexception ofof compoundscompounds withwith PP--CC bondbondandand PP--NN,, withwith exceptionexception ofof compoundscompounds withwith PP CC bondbond

:: inin casecase ofof phosphatephosphate monoestersmonoesters itit maymay alsoalso transfertransfer phosphatephosphate groupgroup

andand PP--NN,, withwith exceptionexception ofof compoundscompounds withwith PP CC bondbond

:: inin casecase ofof phosphatephosphate monoestersmonoesters itit maymay alsoalso transfertransfer phosphatephosphate groupgroup

hydrolysishydrolysis

RR––OO––POPO––(OH)(OH)22 +  H+  H22O O ALPALP>> RR––OH  + HOH  + H33POPO44

hydrolysishydrolysis

RR––OO––POPO––(OH)(OH)22 +  H+  H22O O ALPALP>> RR––OH  + HOH  + H33POPO44

transphosphorylationtransphosphorylation

RR11––OO––POPO––(OH)(OH)22 +  R+  R22––OH OH ALPALP>> RR11––OH  + ROH  + R22––OO––POPO––(OH)(OH)22

transphosphorylationtransphosphorylation

RR11––OO––POPO––(OH)(OH)22 +  R+  R22––OH OH ALPALP>> RR11––OH  + ROH  + R22––OO––POPO––(OH)(OH)2211 ( )( )22 22 11 22 ( )( )2211 ( )( )22 22 11 22 ( )( )22

efficiencyefficiency ofof transphosphorylationtransphosphorylation dependsdepends mainlymainly
onon typetype andand concentrationconcentration ofof acceptoracceptor

efficiencyefficiency ofof transphosphorylationtransphosphorylation dependsdepends mainlymainly
onon typetype andand concentrationconcentration ofof acceptoracceptor 233233233233



ALPALP :: metalloproteinmetalloprotein;; coco factorfactor ZnZn(II)(II) ((44 atoms)atoms)ALPALP :: metalloproteinmetalloprotein;; coco factorfactor ZnZn(II)(II) ((44 atoms)atoms)ALPALP :: metalloproteinmetalloprotein;; coco--factorfactor ZnZn(II)(II) ((44 atoms)atoms)

:: Zn(II)Zn(II) playsplays importantimportant rolerole withinwithin transphosphorylationtransphosphorylation reactionsreactions ofof ALPALP
C (II)C (II) tt h d l ih d l i b tb t tt t h h l tit h h l ti

ALPALP :: metalloproteinmetalloprotein;; coco--factorfactor ZnZn(II)(II) ((44 atoms)atoms)

:: Zn(II)Zn(II) playsplays importantimportant rolerole withinwithin transphosphorylationtransphosphorylation reactionsreactions ofof ALPALP
C (II)C (II) tt h d l ih d l i b tb t tt t h h l tit h h l ti:: Co(II)Co(II) supportssupports hydrolysis,hydrolysis, butbut notnot transphosphorylationtransphosphorylation

nonnon--specificspecific inhibitorsinhibitors:: EDTA,EDTA, KCN,KCN, cysteine,cysteine, oo--phenanthrolinephenanthroline,, 88--

:: Co(II)Co(II) supportssupports hydrolysis,hydrolysis, butbut notnot transphosphorylationtransphosphorylation

nonnon--specificspecific inhibitorsinhibitors:: EDTA,EDTA, KCN,KCN, cysteine,cysteine, oo--phenanthrolinephenanthroline,, 88--
hydroxyquinolinehydroxyquinoline--55--sulphonicsulphonic acidacid etcetc..hydroxyquinolinehydroxyquinoline--55--sulphonicsulphonic acidacid etcetc..

:: removingremoving firstfirst 22 ZnZn atoms,atoms, thethe enzymeenzyme activityactivity decreasesdecreases inin aboutabout 9090%%
:: remainingremaining 22 atomsatoms areare moremore difficultdifficult toto removeremove;;
:: removingremoving firstfirst 22 ZnZn atoms,atoms, thethe enzymeenzyme activityactivity decreasesdecreases inin aboutabout 9090%%
:: remainingremaining 22 atomsatoms areare moremore difficultdifficult toto removeremove;;
resultsresults inin completelycompletely inactiveinactive apoenzymeapoenzyme

specificspecific inhibitorinhibitor –– LL--phenylalaninephenylalanine

resultsresults inin completelycompletely inactiveinactive apoenzymeapoenzyme

specificspecific inhibitorinhibitor –– LL--phenylalaninephenylalaninepp p yp y

activatorsactivators:: Co(II),Co(II), Mg(II)Mg(II) andand MnMn(II)(II) ionsions,,
whereaswhereas Be(II)Be(II) aa Zn(II)Zn(II) actact asas inhibitorsinhibitors

pp p yp y

activatorsactivators:: Co(II),Co(II), Mg(II)Mg(II) andand MnMn(II)(II) ionsions,,
whereaswhereas Be(II)Be(II) aa Zn(II)Zn(II) actact asas inhibitorsinhibitorswhereaswhereas Be(II)Be(II) aa Zn(II)Zn(II) actact asas inhibitorsinhibitorswhereaswhereas Be(II)Be(II) aa Zn(II)Zn(II) actact asas inhibitorsinhibitors
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ALPALP importanceimportanceALPALP importanceimportance

discoverydiscovery:: 19071907 inin ricerice germsgerms

l ti ll ti l d t i tid t i ti dd ii di tidi ti

discoverydiscovery:: 19071907 inin ricerice germsgerms

l ti ll ti l d t i tid t i ti dd ii di tidi tianalyticalanalytical determinationdetermination andand useuse inin diagnosticsdiagnostics
:: 19261926 –– diagnosticsdiagnostics ofof bonebone disordersdisorders

:: 19301930 –– obstructiveobstructive jaundicejaundice

analyticalanalytical determinationdetermination andand useuse inin diagnosticsdiagnostics
:: 19261926 –– diagnosticsdiagnostics ofof bonebone disordersdisorders

:: 19301930 –– obstructiveobstructive jaundicejaundice:: 19301930 –– obstructiveobstructive jaundicejaundice

serumserum ofof healthyhealthy containscontains mostlymostly liverliver andand osseousosseous isoenzymesisoenzymes

↑↑ ti itti it ff ALPALP

:: 19301930 –– obstructiveobstructive jaundicejaundice

serumserum ofof healthyhealthy containscontains mostlymostly liverliver andand osseousosseous isoenzymesisoenzymes

↑↑ ti itti it ff ALPALP↑↑ activityactivity ofof ALPALP
:: growthgrowth disordersdisorders aa somesome osseomsosseoms (osseous(osseous isoenzymeisoenzyme))

:: hepatobiliaryhepatobiliary systemsystem disordersdisorders ((cholestasecholestase andand tumourtumour metastasesmetastases intointo liver)liver)

↑↑ activityactivity ofof ALPALP
:: growthgrowth disordersdisorders aa somesome osseomsosseoms (osseous(osseous isoenzymeisoenzyme))

:: hepatobiliaryhepatobiliary systemsystem disordersdisorders ((cholestasecholestase andand tumourtumour metastasesmetastases intointo liver)liver):: hepatobiliaryhepatobiliary systemsystem disordersdisorders ((cholestasecholestase andand tumourtumour metastasesmetastases intointo liver)liver)

↓↓ activityactivity ofof ALPALP
:: hypothyreosishypothyreosis (cretinism)(cretinism) scurvyscurvy irradiationirradiation diseasedisease heavyheavy anaemiaanaemia andand

:: hepatobiliaryhepatobiliary systemsystem disordersdisorders ((cholestasecholestase andand tumourtumour metastasesmetastases intointo liver)liver)

↓↓ activityactivity ofof ALPALP
:: hypothyreosishypothyreosis (cretinism)(cretinism) scurvyscurvy irradiationirradiation diseasedisease heavyheavy anaemiaanaemia andand:: hypothyreosishypothyreosis (cretinism),(cretinism), scurvy,scurvy, irradiationirradiation disease,disease, heavyheavy anaemiaanaemia andand
withinwithin immunosuppressiveimmunosuppressive medicationmedication

seasonseason variationsvariations:: UVUV--lightlight influenceinfluence;; inin winterwinter (low(low sunsun radiation)radiation) ↑↑ ALP,ALP, inin

:: hypothyreosishypothyreosis (cretinism),(cretinism), scurvy,scurvy, irradiationirradiation disease,disease, heavyheavy anaemiaanaemia andand
withinwithin immunosuppressiveimmunosuppressive medicationmedication

seasonseason variationsvariations:: UVUV--lightlight influenceinfluence;; inin winterwinter (low(low sunsun radiation)radiation) ↑↑ ALP,ALP, iningg ;; (( )) ,,
pregnancypregnancy ↑↑ ALPALP inin aboutabout 1212 toto 5050 %% (placental(placental isoenzymeisoenzyme))

gg ;; (( )) ,,
pregnancypregnancy ↑↑ ALPALP inin aboutabout 1212 toto 5050 %% (placental(placental isoenzymeisoenzyme))
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ALPALP determinationdetermination methodsmethodsALPALP determinationdetermination methodsmethods

catalyticcatalytic activityactivity:: dependsdepends onon substratesubstrate andand reactionreaction conditionsconditions typetype pHpHcatalyticcatalytic activityactivity:: dependsdepends onon substratesubstrate andand reactionreaction conditionsconditions typetype pHpHcatalyticcatalytic activityactivity:: dependsdepends onon substratesubstrate andand reactionreaction conditionsconditions –– type,type, pHpH
andand concentrationconcentration ofof buffer,buffer, temperature,temperature, presencepresence ofof modifiersmodifiers
catalyticcatalytic activityactivity:: dependsdepends onon substratesubstrate andand reactionreaction conditionsconditions –– type,type, pHpH
andand concentrationconcentration ofof buffer,buffer, temperature,temperature, presencepresence ofof modifiersmodifiers

historyhistory::historyhistory::historyhistory::historyhistory::
19261926 –– substratesubstrate hexaphosphatehexaphosphate

19291929 KayKay –– substratesubstrate ββ--glycerolphosphate,glycerolphosphate, withoutwithout bufferbuffer;; determinationdetermination ofof

19261926 –– substratesubstrate hexaphosphatehexaphosphate

19291929 KayKay –– substratesubstrate ββ--glycerolphosphate,glycerolphosphate, withoutwithout bufferbuffer;; determinationdetermination ofof19291929 KayKay substratesubstrate ββ glycerolphosphate,glycerolphosphate, withoutwithout bufferbuffer;; determinationdetermination ofof
inorganicinorganic phosphorusphosphorus ((4848 h!!!)h!!!)

laterlater –– glycineglycine bufferbuffer pHpH 88..88,, phosphorusphosphorus byby phosphomolybdatephosphomolybdate blueblue ((33 h)h)

19291929 KayKay substratesubstrate ββ glycerolphosphate,glycerolphosphate, withoutwithout bufferbuffer;; determinationdetermination ofof
inorganicinorganic phosphorusphosphorus ((4848 h!!!)h!!!)

laterlater –– glycineglycine bufferbuffer pHpH 88..88,, phosphorusphosphorus byby phosphomolybdatephosphomolybdate blueblue ((33 h)h)

–– barbitatebarbitate bufferbuffer pHpH 1010..88

newnew substratessubstrates:: phenylphenyl phosphatephosphate andand 44--nitrophenylnitrophenyl phosphate,phosphate,

–– barbitatebarbitate bufferbuffer pHpH 1010..88

newnew substratessubstrates:: phenylphenyl phosphatephosphate andand 44--nitrophenylnitrophenyl phosphate,phosphate,p yp y p pp p p yp y p p ,p p ,
phenolphthaleinphenolphthalein monomono-- andand diphosphates,diphosphates, thymolphthaleinthymolphthalein monophosphate,monophosphate, 33--
OO--methylfluoresceinmethylfluorescein phosphate,phosphate, naphthylnaphthyl--ASAS--MXMX--phosphate,phosphate, methylumbelliferylmethylumbelliferyl
phosphatephosphate indoxylindoxyl phosphatephosphate etcetc

p yp y p pp p p yp y p p ,p p ,
phenolphthaleinphenolphthalein monomono-- andand diphosphates,diphosphates, thymolphthaleinthymolphthalein monophosphate,monophosphate, 33--
OO--methylfluoresceinmethylfluorescein phosphate,phosphate, naphthylnaphthyl--ASAS--MXMX--phosphate,phosphate, methylumbelliferylmethylumbelliferyl
phosphatephosphate indoxylindoxyl phosphatephosphate etcetcphosphate,phosphate, indoxylindoxyl phosphatephosphate etcetc..

increasingincreasing sensitivitysensitivity –– phenylphenyl phosphate,phosphate, determinationdetermination ofof releasedreleased phenolphenol
byby oxidativeoxidative copulationcopulation withwith 44--aminoantipyrineaminoantipyrine andand ferricyanideferricyanide

phosphate,phosphate, indoxylindoxyl phosphatephosphate etcetc..

increasingincreasing sensitivitysensitivity –– phenylphenyl phosphate,phosphate, determinationdetermination ofof releasedreleased phenolphenol
byby oxidativeoxidative copulationcopulation withwith 44--aminoantipyrineaminoantipyrine andand ferricyanideferricyanide

novalnoval –– chromogenicchromogenic substratessubstrates:: phenophthaleinphenophthalein phosphatephosphate
:: thymolphtaleinthymolphtalein phosphatphosphat

novalnoval –– chromogenicchromogenic substratessubstrates:: phenophthaleinphenophthalein phosphatephosphate
:: thymolphtaleinthymolphtalein phosphatphosphat 237237237237



substratesubstrate

:: unambiguouslyunambiguously defined,defined, sufficientsufficient chemicalchemical purity,purity, mustmust havehave hydrolysishydrolysis

substratesubstrate

:: unambiguouslyunambiguously defined,defined, sufficientsufficient chemicalchemical purity,purity, mustmust havehave hydrolysishydrolysis:: unambiguouslyunambiguously defined,defined, sufficientsufficient chemicalchemical purity,purity, mustmust havehave hydrolysishydrolysis
productproduct withwith autoauto--indicativeindicative propertiesproperties

todaytoday –– 44--nitrophenylnitrophenyl phosphatephosphate (NPP(NPP 11)) isis cleavedcleaved intointo phosphatephosphate andand 44--

:: unambiguouslyunambiguously defined,defined, sufficientsufficient chemicalchemical purity,purity, mustmust havehave hydrolysishydrolysis
productproduct withwith autoauto--indicativeindicative propertiesproperties

todaytoday –– 44--nitrophenylnitrophenyl phosphatephosphate (NPP(NPP 11)) isis cleavedcleaved intointo phosphatephosphate andand 44--todaytoday 44 nitrophenylnitrophenyl phosphatephosphate (NPP(NPP 11),), isis cleavedcleaved intointo phosphatephosphate andand 44
nitrophenolnitrophenol (NP(NP 22))

NPNP isis acidoacido basicbasic indicatorindicator withwith dissociationdissociation constantconstant pKpK 77 1616

todaytoday 44 nitrophenylnitrophenyl phosphatephosphate (NPP(NPP 11),), isis cleavedcleaved intointo phosphatephosphate andand 44
nitrophenolnitrophenol (NP(NP 22))

NPNP isis acidoacido basicbasic indicatorindicator withwith dissociationdissociation constantconstant pKpK 77 1616NPNP isis acidoacido--basicbasic indicatorindicator withwith dissociationdissociation constantconstant pKpKaa == 77..1616

concentrationconcentration ofof NPPNPP:: 55 –– 2020 mmolmmol/l/l

NPNP isis acidoacido--basicbasic indicatorindicator withwith dissociationdissociation constantconstant pKpKaa == 77..1616

concentrationconcentration ofof NPPNPP:: 55 –– 2020 mmolmmol/l/l

temperaturetemperature

ALPALP –– at 37at 37 °°C faster inactivationC faster inactivation

temperaturetemperature

ALPALP –– at 37at 37 °°C faster inactivationC faster inactivation

absorbanceabsorbance

ALP ALP at 37 at 37 C faster inactivationC faster inactivationALP ALP at 37 at 37 C faster inactivationC faster inactivation

ac
ti

vi
ty

ac
ti

vi
ty

37 °C37 °C

wavelength [nm]wavelength [nm]

aa

30 °C30 °C

time [min]time [min] 238238238238



pH and bufferpH and bufferpH and bufferpH and buffer

alreadyalready notnot usedused buffersbuffers:: barbitatebarbitate,, glycineglycine,, hydrogenhydrogen carbonate,carbonate, 22--aminoamino--22--
h lh l

alreadyalready notnot usedused buffersbuffers:: barbitatebarbitate,, glycineglycine,, hydrogenhydrogen carbonate,carbonate, 22--aminoamino--22--
h lh lmethylmethyl--11--propionicpropionic etcetc..

ALPALP activityactivity isis stronglystrongly influencedinfluenced byby bufferbuffer
:: bufferbuffer isis simultaneouslysimultaneously alsoalso secondsecond substratesubstrate (phosphate(phosphate acceptoracceptor))

methylmethyl--11--propionicpropionic etcetc..

ALPALP activityactivity isis stronglystrongly influencedinfluenced byby bufferbuffer
:: bufferbuffer isis simultaneouslysimultaneously alsoalso secondsecond substratesubstrate (phosphate(phosphate acceptoracceptor)):: bufferbuffer isis simultaneouslysimultaneously alsoalso secondsecond substratesubstrate (phosphate(phosphate acceptoracceptor))
withinwithin transphosphorylationtransphosphorylation

activityactivity influencinginfluencing byby bufferbuffer

:: bufferbuffer isis simultaneouslysimultaneously alsoalso secondsecond substratesubstrate (phosphate(phosphate acceptoracceptor))
withinwithin transphosphorylationtransphosphorylation

activityactivity influencinginfluencing byby bufferbuffera ya y u gu g byby bubu
:: neutralneutral // inertinert (carbonate,(carbonate, barbitatebarbitate etcetc.. ))
:: inhibitinginhibiting ((glycineglycine,, propylaminicpropylaminic etcetc.. ))
:: activatingactivating ((transphosphorylatingtransphosphorylating buffers)buffers)

a ya y u gu g byby bubu
:: neutralneutral // inertinert (carbonate,(carbonate, barbitatebarbitate etcetc.. ))
:: inhibitinginhibiting ((glycineglycine,, propylaminicpropylaminic etcetc.. ))
:: activatingactivating ((transphosphorylatingtransphosphorylating buffers)buffers):: activatingactivating ((transphosphorylatingtransphosphorylating buffers)buffers):: activatingactivating ((transphosphorylatingtransphosphorylating buffers)buffers)

bufferbuffer forfor ALPALPbufferbuffer forfor ALPALPbufferbuffer forfor ALPALP
:: phosphatephosphate acceptoracceptor
:: sufficientlysufficiently stablestable
:: availableavailable inin pp aa puritypurity

bufferbuffer forfor ALPALP
:: phosphatephosphate acceptoracceptor
:: sufficientlysufficiently stablestable
:: availableavailable inin pp aa puritypurity:: availableavailable inin pp..aa.. puritypurity
:: dissociationdissociation constantconstant pKpKaa ~~ 1010
:: availableavailable inin pp..aa.. puritypurity
:: dissociationdissociation constantconstant pKpKaa ~~ 1010

AMPAMP waswas recommendedrecommended byby IFCCIFCCAMPAMP waswas recommendedrecommended byby IFCCIFCC
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waysways ofof measurementmeasurementwaysways ofof measurementmeasurement

beforebefore:: enzymeenzyme activityactivity kinetically,kinetically, manuallymanually andand discontinuallydiscontinually (two(two--points)points)
todaytoday:: fastfast kinetickinetic continualcontinual approachapproach
beforebefore:: enzymeenzyme activityactivity kinetically,kinetically, manuallymanually andand discontinuallydiscontinually (two(two--points)points)
todaytoday:: fastfast kinetickinetic continualcontinual approachapproach

modifiersmodifiers ofof ALPALP

inhibitorsinhibitors:: compoundscompounds ofof arsenicarsenic phosphatesphosphates substancessubstances ableable toto bindbind zinczinc

modifiersmodifiers ofof ALPALP

inhibitorsinhibitors:: compoundscompounds ofof arsenicarsenic phosphatesphosphates substancessubstances ableable toto bindbind zinczincinhibitorsinhibitors:: compoundscompounds ofof arsenic,arsenic, phosphates,phosphates, substancessubstances ableable toto bindbind zinczinc
ionsions strongerstronger thanthan enzymeenzyme
inhibitorsinhibitors:: compoundscompounds ofof arsenic,arsenic, phosphates,phosphates, substancessubstances ableable toto bindbind zinczinc
ionsions strongerstronger thanthan enzymeenzyme

:: nonnon--specificspecific chelatogenicchelatogenic inhibitorsinhibitors:: EDTAEDTA andand KCNKCN

specificspecific activatoractivator:: sodiumsodium ionion inin MEGMEG bufferbuffer

:: nonnon--specificspecific chelatogenicchelatogenic inhibitorsinhibitors:: EDTAEDTA andand KCNKCN

specificspecific activatoractivator:: sodiumsodium ionion inin MEGMEG bufferbuffer
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ALPALP determinationdetermination inin MEGMEG bufferbufferALPALP determinationdetermination inin MEGMEG bufferbufferALPALP determinationdetermination inin MEGMEG bufferbufferALPALP determinationdetermination inin MEGMEG bufferbuffer

optimisationoptimisation ofof ALPALP determinationdeterminationoptimisationoptimisation ofof ALPALP determinationdetermination

:: literaryliterary researchresearch (properties,(properties, determinationdetermination methodsmethods etcetc.. ))

:: demarkingdemarking orientationorientation conditionsconditions ofof analyticalanalytical approachapproach (buffer(buffer typetype andand itsits

:: literaryliterary researchresearch (properties,(properties, determinationdetermination methodsmethods etcetc.. ))

:: demarkingdemarking orientationorientation conditionsconditions ofof analyticalanalytical approachapproach (buffer(buffer typetype andand itsits
pHpH andand concentration,concentration, typetype andand concentrationconcentration ofof substrate)substrate)

:: optimisationoptimisation ofof incubationincubation mixturemixture compositioncomposition

pHpH andand concentration,concentration, typetype andand concentrationconcentration ofof substrate)substrate)

:: optimisationoptimisation ofof incubationincubation mixturemixture compositioncomposition

exclusivelyexclusively withwith NPPNPP substratesubstrate

b ffb ff

exclusivelyexclusively withwith NPPNPP substratesubstrate

b ffb ffbufferbuffer
:: MEGMEG –– goodgood transphosphorylationtransphosphorylation properties,properties, lowlow reactivity,reactivity, highhigh puritypurity

andand readyready availabilityavailability

bufferbuffer
:: MEGMEG –– goodgood transphosphorylationtransphosphorylation properties,properties, lowlow reactivity,reactivity, highhigh puritypurity

andand readyready availabilityavailability
:: DEADEA andand AMPAMP excludedexcluded forfor contentcontent ofof inhibitinginhibiting impuritiesimpurities:: DEADEA andand AMPAMP excludedexcluded forfor contentcontent ofof inhibitinginhibiting impuritiesimpurities
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reaction conditions and workreaction conditions and work--flowflowreaction conditions and workreaction conditions and work--flowflow

temperaturetemperature 37 37 °°CC wavelengthwavelength 420 nm420 nm

pH (37 pH (37 °°C)C) 10.1 10.1 ±± 0.10.1 opt. path lengthopt. path length 1 cm1 cmp (p ( )) p p gp p g

MEG bufferMEG buffer 0.35 mmol0.35 mmol temperaturetemperature (37.0 (37.0 ±± 0.1) 0.1) °°CC

NPP substrateNPP substrate 15 mmol/l15 mmol/l signalsignal ΔAΔANPP substrateNPP substrate 15 mmol/l15 mmol/l signalsignal ΔAΔA

sodium chloridesodium chloride 70 mmol/l70 mmol/l measurement intervalmeasurement interval 30 30 –– 120 s120 s

magnesium chloridemagnesium chloride 0.5 mmol/l0.5 mmol/l serum/incub. mix (v/v)serum/incub. mix (v/v) 1:61 (0.0164)1:61 (0.0164)

chemicalschemicals puritypurity

NPPNPP:: << 00..0505 %% freefree 44--nitrophenol,nitrophenol, << 00..2525 %% freefree inorginorg.. POPO44
33––

ll b bb b l/ll/l λλ l/ ll/ l

chemicalschemicals puritypurity

NPPNPP:: << 00..0505 %% freefree 44--nitrophenol,nitrophenol, << 00..2525 %% freefree inorginorg.. POPO44
33––

ll b bb b l/ll/l λλ l/ ll/ lmolarmolar absorbanceabsorbance inin 1010 mmol/lmmol/l NaOHNaOH λλ == 311311 nmnm –– 99 867867 ±± 761761 l/moll/mol..cmcm

MEGMEG:: meltingmelting pointpoint 129129 –– 131131 °°CC

molarmolar absorbanceabsorbance inin 1010 mmol/lmmol/l NaOHNaOH λλ == 311311 nmnm –– 99 867867 ±± 761761 l/moll/mol..cmcm

MEGMEG:: meltingmelting pointpoint 129129 –– 131131 °°CC

NPNP:: molarmolar absorbanceabsorbance inin 1010 mmol/lmmol/l NaOHNaOH λλ == 401401 nmnm –– 1818 380380 l/moll/mol..cmcmNPNP:: molarmolar absorbanceabsorbance inin 1010 mmol/lmmol/l NaOHNaOH λλ == 401401 nmnm –– 1818 380380 l/moll/mol..cmcm
242242242242



stabilitystability ofof agentsagentsstabilitystability ofof agentsagents

bufferbuffer –– atat leastleast 11 monthmonth atat ++55 °°CC (without(without bacterialbacterial contamination)contamination)

substratesubstrate –– prepareprepare justjust beforebefore useuse;; inin darkdark andand coldcold atat ++55 °°CC stablestable atat leastleast

bufferbuffer –– atat leastleast 11 monthmonth atat ++55 °°CC (without(without bacterialbacterial contamination)contamination)

substratesubstrate –– prepareprepare justjust beforebefore useuse;; inin darkdark andand coldcold atat ++55 °°CC stablestable atat leastleastp pp p jj ;;
2424 hourshours

standardstandard solutionsolution ofof NPNP –– inin darkdark andand coldcold stablestable atat leastleast 11 monthmonth

p pp p jj ;;
2424 hourshours

standardstandard solutionsolution ofof NPNP –– inin darkdark andand coldcold stablestable atat leastleast 11 monthmonthstandardstandard solutionsolution ofof NPNP inin darkdark andand coldcold stablestable atat leastleast 11 monthmonth

calculationcalculation ofof catalyticcatalytic activityactivity concentrationconcentration

standardstandard solutionsolution ofof NPNP inin darkdark andand coldcold stablestable atat leastleast 11 monthmonth

calculationcalculation ofof catalyticcatalytic activityactivity concentrationconcentration

fSfS--ALP [μALP [μkat/l] = ΔAkat/l] = ΔA420420 * * FF

FF isis factor,factor, ΔΔAA420420 == (Δ(ΔAA11 –– ΔΔAA22))

fSfS--ALP [μALP [μkat/l] = ΔAkat/l] = ΔA420420 * * FF

FF isis factor,factor, ΔΔAA420420 == (Δ(ΔAA11 –– ΔΔAA22))

absorbanceabsorbance ofof referencereference solutionsolution (Δ(ΔAA22)) –– compensatescompensates absorbanceabsorbance ofof NPNP
createdcreated byby spontaneous,spontaneous, nonnon--enzymaticenzymatic decompositiondecomposition ofof substratesubstrate duedue toto
absorbanceabsorbance ofof referencereference solutionsolution (Δ(ΔAA22)) –– compensatescompensates absorbanceabsorbance ofof NPNP
createdcreated byby spontaneous,spontaneous, nonnon--enzymaticenzymatic decompositiondecomposition ofof substratesubstrate duedue toto
alkalialkali mediummedium presencepresence

factorfactor FF ::

alkalialkali mediummedium presencepresence

factorfactor FF ::
11)) fromfrom calibrationcalibration solutionsolution withoutwithout ALPALP
22)) usingusing molarmolar absorbanceabsorbance ofof 44--nitrophenolnitrophenol
11)) fromfrom calibrationcalibration solutionsolution withoutwithout ALPALP
22)) usingusing molarmolar absorbanceabsorbance ofof 44--nitrophenolnitrophenol
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optimaloptimal conditionsconditions ofof ALPALP determinationdeterminationoptimaloptimal conditionsconditions ofof ALPALP determinationdetermination
activityactivity activityactivityactivityactivityactivityactivity yyactivityactivity

osseousosseous

hepatichepatic

osseousosseous

hepatichepatic

osseousosseous
hepatichepatic

entericenteric

entericenteric entericenteric
NPP + serumNPP + serum

pHpH influenceinfluencepHpH influenceinfluence influenceinfluence ofof
MEGMEG concentrationconcentration
influenceinfluence ofof
MEGMEG concentrationconcentration

influence ofinfluence of
NPP concentrationNPP concentration
influence ofinfluence of
NPP concentrationNPP concentration

pHpH MEG concentration [mol.l-1]MEG concentration [mol.l-1] NPP concentration [mol.l-1]NPP concentration [mol.l-1]

MEGMEG concentrationconcentrationMEGMEG concentrationconcentration NPP concentrationNPP concentrationNPP concentrationNPP concentration
referencereference intervalinterval

fSfS--ALPALP [[μμkat/l]kat/l]:: malesmales 00..9090 –– 22..2020,, femalesfemales 00..7474 –– 22..1010,, childrenchildren 11..2020 –– 66..3030

referencereference intervalinterval

fSfS--ALPALP [[μμkat/l]kat/l]:: malesmales 00..9090 –– 22..2020,, femalesfemales 00..7474 –– 22..1010,, childrenchildren 11..2020 –– 66..3030
200200 adults,adults, 112112 boysboys andand 152152 girlsgirls

repeatabilityrepeatability andand reproducibilityreproducibility

200200 adults,adults, 112112 boysboys andand 152152 girlsgirls

repeatabilityrepeatability andand reproducibilityreproducibilityp yp y p yp y

repeatabilityrepeatability:: examinedexamined inin 1010 externalexternal laboratories,laboratories, precisionprecision inin seriesseries andand
dayday--toto--dayday;;

p yp y p yp y

repeatabilityrepeatability:: examinedexamined inin 1010 externalexternal laboratories,laboratories, precisionprecision inin seriesseries andand
dayday--toto--dayday;;
NN == 2020;; øø relrel.. standardstandard deviationdeviation:: 33..55 %% manualmanual analysisanalysis;; 22..55 %% analyseranalyser

reproducibilityreproducibility:: inin 55 laboratorieslaboratories;; 11..44 –– 44..22 %%

NN == 2020;; øø relrel.. standardstandard deviationdeviation:: 33..55 %% manualmanual analysisanalysis;; 22..55 %% analyseranalyser

reproducibilityreproducibility:: inin 55 laboratorieslaboratories;; 11..44 –– 44..22 %% 244244244244



kikitt forfor ALPALP determinationdeterminationkikitt forfor ALPALP determinationdetermination

agentagent 11 ((66 vials)vials)
:: solidsolid substrate,substrate, finallyfinally forfor NPPNPP solutionsolution ofof 11..1212 mmol/vialmmol/vial
agentagent 11 ((66 vials)vials)
:: solidsolid substrate,substrate, finallyfinally forfor NPPNPP solutionsolution ofof 11..1212 mmol/vialmmol/vial
:: substratesubstrate solutionsolution isis preparedprepared byby dissolutiondissolution ofof oneone vialvial contentcontent inin 55..00 mlml ofof
distilleddistilled waterwater;; inin darkdark andand coldcold atat ++55 °°C,C, thethe solutionsolution isis stablestable caca 11 weekweek

:: substratesubstrate solutionsolution isis preparedprepared byby dissolutiondissolution ofof oneone vialvial contentcontent inin 55..00 mlml ofof
distilleddistilled waterwater;; inin darkdark andand coldcold atat ++55 °°C,C, thethe solutionsolution isis stablestable caca 11 weekweek

agentagent 22 ((300300 ml)ml)
:: MEGMEG bufferbuffer inin liquidliquid state,state, concentrationconcentration 00..5656 mol/l,mol/l, whichwhich containscontains asas
conservingconserving agentagent 55--bromobromo--55--nitronitro--11 33--dioxanedioxane 00 33 mg/lmg/l andand

agentagent 22 ((300300 ml)ml)
:: MEGMEG bufferbuffer inin liquidliquid state,state, concentrationconcentration 00..5656 mol/l,mol/l, whichwhich containscontains asas
conservingconserving agentagent 55--bromobromo--55--nitronitro--11 33--dioxanedioxane 00 33 mg/lmg/l andandconservingconserving agentagent 55 bromobromo 55 nitronitro 11,,33 dioxanedioxane 00..33 mg/lmg/l andand
NN--methylisothiazolonmethylisothiazolon 11 mg/lmg/l

agentagent 33 ((22 ml)ml)

conservingconserving agentagent 55 bromobromo 55 nitronitro 11,,33 dioxanedioxane 00..33 mg/lmg/l andand
NN--methylisothiazolonmethylisothiazolon 11 mg/lmg/l

agentagent 33 ((22 ml)ml)agentagent 33 ((22 ml)ml)
:: standardstandard solutionsolution ofof NPNP inin ampouleampoule underunder NN22 containingcontaining NPNP atat 22..44 mmol/lmmol/l andand
NaNa22EDTAEDTA 00..0505 g/lg/l

agentagent 33 ((22 ml)ml)
:: standardstandard solutionsolution ofof NPNP inin ampouleampoule underunder NN22 containingcontaining NPNP atat 22..44 mmol/lmmol/l andand
NaNa22EDTAEDTA 00..0505 g/lg/l

storagestorage:: inin darkdark andand coldcold atat 22 –– 88 °°C,C, stablestable forfor 2424 monthsmonthsstoragestorage:: inin darkdark andand coldcold atat 22 –– 88 °°C,C, stablestable forfor 2424 monthsmonths

workingworking procedureprocedure:: mutualmutual voluminalvoluminal ratiosratios ofof serum,serum, bufferbuffer andand substratesubstrate
areare 11::5050::55,, soso 00..0202 ++ 11..0000 ++ 00..1010 mlml
workingworking procedureprocedure:: mutualmutual voluminalvoluminal ratiosratios ofof serum,serum, bufferbuffer andand substratesubstrate
areare 11::5050::55,, soso 00..0202 ++ 11..0000 ++ 00..1010 mlml
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importance of buffer in bioanalysisimportance of buffer in bioanalysisimportance of buffer in bioanalysisimportance of buffer in bioanalysis

bufferbuffer –– reactionreaction medium/environmentmedium/environmentbufferbuffer –– reactionreaction medium/environmentmedium/environment

:: keepingkeeping pHpH (optimum)(optimum)
:: secondarysecondary substratesubstrate (enzyme(enzyme reactions)reactions)
:: modifiersmodifiers –– inhibitorsinhibitors activatorsactivators

:: keepingkeeping pHpH (optimum)(optimum)
:: secondarysecondary substratesubstrate (enzyme(enzyme reactions)reactions)
:: modifiersmodifiers –– inhibitorsinhibitors activatorsactivators:: modifiersmodifiers –– inhibitors,inhibitors, activatorsactivators:: modifiersmodifiers –– inhibitors,inhibitors, activatorsactivators

19001900,, FernbachFernbach andand HubertHubert:: partiallypartially neutralisedneutralised solutionsolution ofof phosphoricphosphoric acidacid
servesserves asas protectionprotection againstagainst abruptabrupt changeschanges ofof solutionsolution alkalinityalkalinity oror acidityacidity
19001900,, FernbachFernbach andand HubertHubert:: partiallypartially neutralisedneutralised solutionsolution ofof phosphoricphosphoric acidacid
servesserves asas protectionprotection againstagainst abruptabrupt changeschanges ofof solutionsolution alkalinityalkalinity oror acidityacidityservesserves asas protectionprotection againstagainst abruptabrupt changeschanges ofof solutionsolution alkalinityalkalinity oror acidityacidity
withinwithin researchresearch ofof enzymeenzyme amylaseamylase
servesserves asas protectionprotection againstagainst abruptabrupt changeschanges ofof solutionsolution alkalinityalkalinity oror acidityacidity
withinwithin researchresearch ofof enzymeenzyme amylaseamylase

buffer choicebuffer choicebuffer choicebuffer choicebuffer choicebuffer choicebuffer choicebuffer choice

basicbasic characteristicscharacteristics:: dissociationdissociation constantconstant ofof acidacid (part(part ofof buffer)buffer);; pKpKaa
dilutiondilution influenceinfluence ionicionic strengthstrength bufferbuffer capacitycapacity andand pHpH temperaturetemperature influenceinfluence
basicbasic characteristicscharacteristics:: dissociationdissociation constantconstant ofof acidacid (part(part ofof buffer)buffer);; pKpKaa
dilutiondilution influenceinfluence ionicionic strengthstrength bufferbuffer capacitycapacity andand pHpH temperaturetemperature influenceinfluencedilutiondilution influence,influence, ionicionic strength,strength, bufferbuffer capacitycapacity andand pHpH temperaturetemperature influenceinfluence

pHpH rangerange:: pHpH == pKpKaa ±± 11,, whilewhile bufferbuffer isis thethe mostmost effectiveeffective atat pHpH == pKpKaa

dilutiondilution influence,influence, ionicionic strength,strength, bufferbuffer capacitycapacity andand pHpH temperaturetemperature influenceinfluence

pHpH rangerange:: pHpH == pKpKaa ±± 11,, whilewhile bufferbuffer isis thethe mostmost effectiveeffective atat pHpH == pKpKaa
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o tibilito tibilito tibilito tibilit

compatibility and synergic influence of buffercompatibility and synergic influence of buffercompatibility and synergic influence of buffercompatibility and synergic influence of buffer

compatibilitycompatibility

chemicalchemical
:: goodgood waterwater solubilitysolubility (bad(bad withwith barbitbarbitururatesates))

compatibilitycompatibility

chemicalchemical
:: goodgood waterwater solubilitysolubility (bad(bad withwith barbitbarbitururatesates)):: goodgood waterwater solubilitysolubility (bad(bad withwith barbitbarbitururatesates))
:: nonnon complexingcomplexing forfor metalmetal ii.. –– Ca(II),Ca(II), Mg(II),Mg(II), MnMn(II),(II), Zn(II),Zn(II), Fe(II)/Fe(II)/(III)(III) etcetc..
:: solublesoluble (so(so mostlymostly nono carbonates,carbonates, phosphates,phosphates, citrates)citrates)
:: nonnon reactivereactive withwith otherother componentscomponents (proteins(proteins saccharidessaccharides ++ borates)borates)

:: goodgood waterwater solubilitysolubility (bad(bad withwith barbitbarbitururatesates))
:: nonnon complexingcomplexing forfor metalmetal ii.. –– Ca(II),Ca(II), Mg(II),Mg(II), MnMn(II),(II), Zn(II),Zn(II), Fe(II)/Fe(II)/(III)(III) etcetc..
:: solublesoluble (so(so mostlymostly nono carbonates,carbonates, phosphates,phosphates, citrates)citrates)
:: nonnon reactivereactive withwith otherother componentscomponents (proteins(proteins saccharidessaccharides ++ borates)borates):: nonnon--reactivereactive withwith otherother componentscomponents (proteins,(proteins, saccharidessaccharides ++ borates)borates)
:: invulnerableinvulnerable toto bacterialbacterial contaminationcontamination (so(so nono phosphates,phosphates, citratescitrates etcetc.. ))

bi h i lbi h i l

:: nonnon--reactivereactive withwith otherother componentscomponents (proteins,(proteins, saccharidessaccharides ++ borates)borates)
:: invulnerableinvulnerable toto bacterialbacterial contaminationcontamination (so(so nono phosphates,phosphates, citratescitrates etcetc.. ))

bi h i lbi h i lbiochemicalbiochemical
:: influencinginfluencing activityactivity ofof somesome enzymesenzymes (phosphates(phosphates inhibitinhibit phosphatasesphosphatases,,
carboxylasescarboxylases,, phosphoglucomutasesphosphoglucomutases etcetc.. ))

biochemicalbiochemical
:: influencinginfluencing activityactivity ofof somesome enzymesenzymes (phosphates(phosphates inhibitinhibit phosphatasesphosphatases,,
carboxylasescarboxylases,, phosphoglucomutasesphosphoglucomutases etcetc.. ))
:: interferenceinterference inin processesprocesses ofof oxidativeoxidative phosphorylationphosphorylation ((barbitbarbitururate)ate)
:: antisepticityantisepticity;; activityactivity blockingblocking ofof mostmost ofof enzymesenzymes (phenols)(phenols)
:: ampholytesampholytes ((zwitterioniczwitterionic)) oxidisedoxidised byby flavinflavin mononucleotidesmononucleotides (BICIN,(BICIN, TRIS)TRIS)

:: interferenceinterference inin processesprocesses ofof oxidativeoxidative phosphorylationphosphorylation ((barbitbarbitururate)ate)
:: antisepticityantisepticity;; activityactivity blockingblocking ofof mostmost ofof enzymesenzymes (phenols)(phenols)
:: ampholytesampholytes ((zwitterioniczwitterionic)) oxidisedoxidised byby flavinflavin mononucleotidesmononucleotides (BICIN,(BICIN, TRIS)TRIS)p yp y (( )) yy ( ,( , ))
:: reactivereactive andand inhibitinginhibiting buffersbuffers (TRIS)(TRIS)

p yp y (( )) yy ( ,( , ))
:: reactivereactive andand inhibitinginhibiting buffersbuffers (TRIS)(TRIS)

synergicitysynergicitysynergicitysynergicitysynergicitysynergicity

modificationmodification –– activator (GlyGly; fibrinogen) or secondary substrate (MEG)activator (GlyGly; fibrinogen) or secondary substrate (MEG)

synergicitysynergicity

modificationmodification –– activator (GlyGly; fibrinogen) or secondary substrate (MEG)activator (GlyGly; fibrinogen) or secondary substrate (MEG)
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mainmain bioanalyticbioanalytic bufferbufferssmainmain bioanalyticbioanalytic bufferbufferss

abbrevabbrev compositioncomposition ppKKaa

MESMES 22--(N(N--morpholine)ethane sulphonic acidmorpholine)ethane sulphonic acid 6.16.1

BISBIS--TRISTRIS 22--bis(2bis(2--hydroxyethyl)aminohydroxyethyl)amino--22--(hydroxymethyl)(hydroxymethyl)--1,31,3--propandiolpropandiol 6.56.5

BESBES N,NN,N--bis(2bis(2--hydroxyethyl)hydroxyethyl)--22--aminoethane sulphonic acidaminoethane sulphonic acid 7.17.1

HEPESHEPES NN--(2(2--hydroxyethyl)piperazinehydroxyethyl)piperazine--NN´́--(2(2--ethane) sulphonic acidethane) sulphonic acid 7.57.5HEPESHEPES NN (2(2 hydroxyethyl)piperazinehydroxyethyl)piperazine NN (2(2 ethane) sulphonic acidethane) sulphonic acid 7.57.5

TRICINTRICIN NN--(2(2--hydroxy)hydroxy)--1,11,1--bis(hydroxymethyl)ethylglycinebis(hydroxymethyl)ethylglycine 8.18.1

BICINBICIN N,NN,N--bis(2bis(2--hydroxyeteyl)glycinehydroxyeteyl)glycine 8.38.3

AMPSOAMPSO 33--[(1,1[(1,1--dimethyldimethyl--22--hydroxyethyl)amino]hydroxyethyl)amino]--22--hydroxypropane sulphonic a.hydroxypropane sulphonic a. 9.09.0

CAPSOCAPSO 33--(cyclohexylamino)(cyclohexylamino)--22--hydroxyhydroxy--11--propane sulphonic acidpropane sulphonic acid 9.69.6

CABSCABS 44--(cyclohexylamino)(cyclohexylamino)--11--butane sulphonic acidbutane sulphonic acid 10 710 7CABSCABS 44--(cyclohexylamino)(cyclohexylamino)--11--butane sulphonic acidbutane sulphonic acid 10.710.7
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XI.XI.XI.XI.
analysis of selected analytesanalysis of selected analytesanalysis of selected analytesanalysis of selected analytes
inorganic, organic analytes and bioanalytesinorganic, organic analytes and bioanalytesinorganic, organic analytes and bioanalytesinorganic, organic analytes and bioanalytes

ammoniumammoniumammoniumammonium

contentcontent:: degradationdegradation ofof aminoamino acidacid inin liverliver;; toxictoxic (CNS)(CNS) ⇒⇒ ureaurea
determinationdetermination:: inin plasmaplasma;; referencereference intervalinterval 1111 –– 3535 μMμM
contentcontent:: degradationdegradation ofof aminoamino acidacid inin liverliver;; toxictoxic (CNS)(CNS) ⇒⇒ ureaurea
determinationdetermination:: inin plasmaplasma;; referencereference intervalinterval 1111 –– 3535 μMμM

chemicalchemical methodsmethods
procedureprocedure:: ammoniumammonium isis alkalised,alkalised, separatedseparated andand absorbedabsorbed intointo acidicacidic solutionsolution (Conway(Conway
technique)technique)

chemicalchemical methodsmethods
procedureprocedure:: ammoniumammonium isis alkalised,alkalised, separatedseparated andand absorbedabsorbed intointo acidicacidic solutionsolution (Conway(Conway
technique)technique)
:: titration,titration, conductometryconductometry,, ISE,ISE, NesslerNessler agentagent (yellow)(yellow) oror BerthelotBerthelot reactionreaction (reaction(reaction
withwith phenolphenol andand withwith alkalk.. hypochloritehypochlorite intointo blueblue quinoniminequinonimine dye)dye)
laboriouslaborious andand nonnon--automatableautomatable

:: titration,titration, conductometryconductometry,, ISE,ISE, NesslerNessler agentagent (yellow)(yellow) oror BerthelotBerthelot reactionreaction (reaction(reaction
withwith phenolphenol andand withwith alkalk.. hypochloritehypochlorite intointo blueblue quinoniminequinonimine dye)dye)
laboriouslaborious andand nonnon--automatableautomatable

enzymaticenzymatic methodsmethods
enzyme:enzyme: glutamate glutamate dehydrogenasedehydrogenase (GLD)(GLD)
enzymaticenzymatic methodsmethods
enzyme:enzyme: glutamate glutamate dehydrogenasedehydrogenase (GLD)(GLD)

22--oxoglutarate  +  NHoxoglutarate  +  NH44
++ +  NADPH  +  NADPH  GLDGLD>> LL--glutamate  +  NADPglutamate  +  NADP++ +  H+  H22OO

:: absorbanceabsorbance decreasedecrease ofof NADPHNADPH atat 340340 oror 365365 nmnm

22--oxoglutarate  +  NHoxoglutarate  +  NH44
++ +  NADPH  +  NADPH  GLDGLD>> LL--glutamate  +  NADPglutamate  +  NADP++ +  H+  H22OO

:: absorbanceabsorbance decreasedecrease ofof NADPHNADPH atat 340340 oror 365365 nmnm

249249249249

procedureprocedure:: TEATEA 150150 mMmM,, pHpH 88..66 ++ 22--oxoglutarateoxoglutarate 1515 mMmM,, ADPADP 11..55 mMmM,, GLDGLD minmin 800800
U/mlU/ml andand NADPHNADPH 00..1212 mMmM
procedureprocedure:: TEATEA 150150 mMmM,, pHpH 88..66 ++ 22--oxoglutarateoxoglutarate 1515 mMmM,, ADPADP 11..55 mMmM,, GLDGLD minmin 800800
U/mlU/ml andand NADPHNADPH 00..1212 mMmM



phosphorus, phosphatesphosphorus, phosphates
contentcontent:: inorganicinorganic andand organicorganic phosphatesphosphates;; bonebone tissue,tissue, nucleicnucleic acids,acids, phospholipids,phospholipids,
coenzymescoenzymes ATPATP etcetc
contentcontent:: inorganicinorganic andand organicorganic phosphatesphosphates;; bonebone tissue,tissue, nucleicnucleic acids,acids, phospholipids,phospholipids,
coenzymescoenzymes ATPATP etcetccoenzymes,coenzymes, ATPATP etcetc..
determinationdetermination:: inin serumserum;; referencereference intervalinterval 00..77 –– 11..66 mMmM

chemicalchemical methodsmethods

coenzymes,coenzymes, ATPATP etcetc..
determinationdetermination:: inin serumserum;; referencereference intervalinterval 00..77 –– 11..66 mMmM

chemicalchemical methodsmethods
inorganicinorganic phosphatesphosphates::
:: reactionreaction withwith ammoniumammonium molybdatemolybdate (colourless(colourless phosphophospho--molybdatemolybdate complex)complex)
:: withwith ammoniumammonium vanadatevanadate--molybdatemolybdate (yellow(yellow complexcomplex ofof ammoniumammonium phosphoricphosphoric

inorganicinorganic phosphatesphosphates::
:: reactionreaction withwith ammoniumammonium molybdatemolybdate (colourless(colourless phosphophospho--molybdatemolybdate complex)complex)
:: withwith ammoniumammonium vanadatevanadate--molybdatemolybdate (yellow(yellow complexcomplex ofof ammoniumammonium phosphoricphosphoric
vanadomolybdatevanadomolybdate));; hydrolysehydrolyse partiallypartially alsoalso organicorganic phosphoricphosphoric estersesters andand thusthus makesmakes
thethe determinationdetermination falselyfalsely positivepositive

organicorganic phosphatesphosphates:: afterafter mineralisationmineralisation ofof denatureddenatured proteinsproteins;; dependsdepends onon pHpH (strong(strong

vanadomolybdatevanadomolybdate));; hydrolysehydrolyse partiallypartially alsoalso organicorganic phosphoricphosphoric estersesters andand thusthus makesmakes
thethe determinationdetermination falselyfalsely positivepositive

organicorganic phosphatesphosphates:: afterafter mineralisationmineralisation ofof denatureddenatured proteinsproteins;; dependsdepends onon pHpH (strong(strongorganicorganic phosphatesphosphates:: afterafter mineralisationmineralisation ofof denatureddenatured proteinsproteins;; dependsdepends onon pHpH (strong(strong
acidicacidic medium)medium)
procedureprocedure:: serumserum deproteinationdeproteination (strong(strong acid),acid), supernatantsupernatant analysisanalysis:: measuredmeasured atat 340340
nmnm;; phosphomolybdenitephosphomolybdenite blueblue (after(after reductionreduction tin(II)tin(II) chloridechloride aminonaphthaleneaminonaphthalene

organicorganic phosphatesphosphates:: afterafter mineralisationmineralisation ofof denatureddenatured proteinsproteins;; dependsdepends onon pHpH (strong(strong
acidicacidic medium)medium)
procedureprocedure:: serumserum deproteinationdeproteination (strong(strong acid),acid), supernatantsupernatant analysisanalysis:: measuredmeasured atat 340340
nmnm;; phosphomolybdenitephosphomolybdenite blueblue (after(after reductionreduction tin(II)tin(II) chloridechloride aminonaphthaleneaminonaphthalenenmnm;; phosphomolybdenitephosphomolybdenite blueblue (after(after reductionreduction tin(II)tin(II) chloride,chloride, aminonaphthaleneaminonaphthalene
sulphonicsulphonic acid,acid, methylmethyl--pp--aminophenolaminophenol sulphate,sulphate, iron(II)iron(II)--ammoniumammonium sulphate,sulphate, ascorbicascorbic
acidacid etcetc.. )) atat 882882 nmnm;; vanadovanado--molybdatemolybdate phosphoricphosphoric acidacid atat 420420 nmnm

nmnm;; phosphomolybdenitephosphomolybdenite blueblue (after(after reductionreduction tin(II)tin(II) chloride,chloride, aminonaphthaleneaminonaphthalene
sulphonicsulphonic acid,acid, methylmethyl--pp--aminophenolaminophenol sulphate,sulphate, iron(II)iron(II)--ammoniumammonium sulphate,sulphate, ascorbicascorbic
acidacid etcetc.. )) atat 882882 nmnm;; vanadovanado--molybdatemolybdate phosphoricphosphoric acidacid atat 420420 nmnm

enzymaticenzymatic methodsmethods
dodo notnot catalysecatalyse phosphoricphosphoric esterester hydrolysis,hydrolysis, nono needneed forfor samplesample deproteinationdeproteination
:: glycogenglycogen phosphorylasephosphorylase,, phosphoglucomutasephosphoglucomutase andand glucoseglucose--66--phosphatephosphate
d h dd h d NADPHNADPH

enzymaticenzymatic methodsmethods
dodo notnot catalysecatalyse phosphoricphosphoric esterester hydrolysis,hydrolysis, nono needneed forfor samplesample deproteinationdeproteination
:: glycogenglycogen phosphorylasephosphorylase,, phosphoglucomutasephosphoglucomutase andand glucoseglucose--66--phosphatephosphate
d h dd h d NADPHNADPHdehydrogenasedehydrogenase –– NADPHNADPH
:: purinpurin nucleosidenucleoside phosphorylasephosphorylase,, xanthinexanthine oxidaseoxidase ((peroxidasesperoxidases)) –– oxidativeoxidative copulationcopulation
:: sucrosesucrose phosphorylasephosphorylase –– NADHNADH

dehydrogenasedehydrogenase –– NADPHNADPH
:: purinpurin nucleosidenucleoside phosphorylasephosphorylase,, xanthinexanthine oxidaseoxidase ((peroxidasesperoxidases)) –– oxidativeoxidative copulationcopulation
:: sucrosesucrose phosphorylasephosphorylase –– NADHNADH 250250250250



magnesiummagnesium

contentcontent:: 2121 –– 2828 gg inin caca 7070 kgkg ((6060 %% bonesbones 2020 %% musclesmuscles 1919 %% otherother tissuestissues caca 11 %%

magnesiummagnesium

contentcontent:: 2121 –– 2828 gg inin caca 7070 kgkg ((6060 %% bonesbones 2020 %% musclesmuscles 1919 %% otherother tissuestissues caca 11 %%contentcontent:: 2121 2828 gg inin caca 7070 kgkg ((6060 %% bones,bones, 2020 %% muscles,muscles, 1919 %% otherother tissues,tissues, caca 11 %%
extraextra--cellularcellular liquid)liquid);; cofactorcofactor ofof almostalmost 300300 enzymesenzymes
determinationdetermination:: inin serum/plasmaserum/plasma;; referencereference intervalinterval 00..6565 –– 11..0505 mMmM

contentcontent:: 2121 2828 gg inin caca 7070 kgkg ((6060 %% bones,bones, 2020 %% muscles,muscles, 1919 %% otherother tissues,tissues, caca 11 %%
extraextra--cellularcellular liquid)liquid);; cofactorcofactor ofof almostalmost 300300 enzymesenzymes
determinationdetermination:: inin serum/plasmaserum/plasma;; referencereference intervalinterval 00..6565 –– 11..0505 mMmM

chemicalchemical methodsmethods
AASAAS –– optimaloptimal;; freefree Mg(II)Mg(II) –– ISEISE
:: inin analysersanalysers –– photometricphotometric methodsmethods withwith calmagitcalmagit,, magonmagon......

chemicalchemical methodsmethods
AASAAS –– optimaloptimal;; freefree Mg(II)Mg(II) –– ISEISE
:: inin analysersanalysers –– photometricphotometric methodsmethods withwith calmagitcalmagit,, magonmagon......

AASAAS::
procedureprocedure:: LaClLaCl33 solutionsolution (spectral(spectral buffer,buffer, releasesreleases Mg(II)Mg(II) fromfrom phosphatephosphate complexescomplexes
andand dilutesdilutes viscoseviscose proteins)proteins) concentrationconcentration 44 33 g/lg/l withwith 1010 mlml concconc HClHCl;; samplesample :: bufferbuffer

AASAAS::
procedureprocedure:: LaClLaCl33 solutionsolution (spectral(spectral buffer,buffer, releasesreleases Mg(II)Mg(II) fromfrom phosphatephosphate complexescomplexes
andand dilutesdilutes viscoseviscose proteins)proteins) concentrationconcentration 44 33 g/lg/l withwith 1010 mlml concconc HClHCl;; samplesample :: bufferbufferandand dilutesdilutes viscoseviscose proteins)proteins) concentrationconcentration 44..33 g/lg/l withwith 1010 mlml concconc.. HClHCl;; samplesample :: bufferbuffer
11::5050 intointo flameflame (acetylene(acetylene--air),air), MgMg--dischargedischarge atat 285285..22 nmnm;; calibrationcalibration solutionsolution containcontain
interferentsinterferents NaNa++ andand KK++

eaeactionction ithith magonmagon

andand dilutesdilutes viscoseviscose proteins)proteins) concentrationconcentration 44..33 g/lg/l withwith 1010 mlml concconc.. HClHCl;; samplesample :: bufferbuffer
11::5050 intointo flameflame (acetylene(acetylene--air),air), MgMg--dischargedischarge atat 285285..22 nmnm;; calibrationcalibration solutionsolution containcontain
interferentsinterferents NaNa++ andand KK++

eaeactionction ithith magonmagonreareactionction withwith magonmagon::
procedureprocedure:: 1010 μlμl serumserum withwith 22 mlml workingworking solutionsolution ((2020 mMmM borateborate bufferbuffer pHpH 99..55 andand
magonmagon 00..2828 mMmM diluteddiluted inin mixturemixture DMFDMF andand ethanolethanol 55++100100),), resultingresulting pHpH caca 1111;;
influenceinfluence ofof Ca(II)Ca(II) andand heavyheavy metalsmetals cyanidecyanide maskingmasking ++ physiologicphysiologic concentrationsconcentrations ofof

reareactionction withwith magonmagon::
procedureprocedure:: 1010 μlμl serumserum withwith 22 mlml workingworking solutionsolution ((2020 mMmM borateborate bufferbuffer pHpH 99..55 andand
magonmagon 00..2828 mMmM diluteddiluted inin mixturemixture DMFDMF andand ethanolethanol 55++100100),), resultingresulting pHpH caca 1111;;
influenceinfluence ofof Ca(II)Ca(II) andand heavyheavy metalsmetals cyanidecyanide maskingmasking ++ physiologicphysiologic concentrationsconcentrations ofofinfluenceinfluence ofof Ca(II)Ca(II) andand heavyheavy metalsmetals –– cyanidecyanide maskingmasking ++ physiologicphysiologic concentrationsconcentrations ofof
Ca(II),Ca(II), NaNa(I)(I) andand KK(I)(I) ionsions;; absorbanceabsorbance decreasedecrease ofof blueblue complexcomplex aroundaround 500500 nmnm

reactionreaction withwith calmagitcalmagit::

influenceinfluence ofof Ca(II)Ca(II) andand heavyheavy metalsmetals –– cyanidecyanide maskingmasking ++ physiologicphysiologic concentrationsconcentrations ofof
Ca(II),Ca(II), NaNa(I)(I) andand KK(I)(I) ionsions;; absorbanceabsorbance decreasedecrease ofof blueblue complexcomplex aroundaround 500500 nmnm

reactionreaction withwith calmagitcalmagit::gg
procedureprocedure:: inin partiallypartially nonnon--aqueousaqueous mediummedium withwith 22--methylmethyl--22--aminoamino--11--propanolpropanol;; Ca(II)Ca(II)
mamasskingking byby EGTA,EGTA, measuredmeasured atat 540540 nmnm

gg
procedureprocedure:: inin partiallypartially nonnon--aqueousaqueous mediummedium withwith 22--methylmethyl--22--aminoamino--11--propanolpropanol;; Ca(II)Ca(II)
mamasskingking byby EGTA,EGTA, measuredmeasured atat 540540 nmnm
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hydrogen carbonateshydrogen carbonates

contentcontent:: bloodblood;; diagnosisdiagnosis ofof acidobasicacidobasic equilibriumequilibrium disordersdisorders

hydrogen carbonateshydrogen carbonates

contentcontent:: bloodblood;; diagnosisdiagnosis ofof acidobasicacidobasic equilibriumequilibrium disordersdisorderscontentcontent:: bloodblood;; diagnosisdiagnosis ofof acidobasicacidobasic equilibriumequilibrium disordersdisorders
determinationdetermination:: inin wholewhole blood,blood, plasmaplasma andand serumserum asas COCO22 (after(after acidification)acidification);; referencereference
intervalinterval dependsdepends onon instrumentation,instrumentation, usuallyusually COCO22 inin capillarycapillary plasmaplasma caca 2222 –– 3131 mMmM

contentcontent:: bloodblood;; diagnosisdiagnosis ofof acidobasicacidobasic equilibriumequilibrium disordersdisorders
determinationdetermination:: inin wholewhole blood,blood, plasmaplasma andand serumserum asas COCO22 (after(after acidification)acidification);; referencereference
intervalinterval dependsdepends onon instrumentation,instrumentation, usuallyusually COCO22 inin capillarycapillary plasmaplasma caca 2222 –– 3131 mMmM

physicalphysical methodsmethods
gaseousgaseous carboncarbon dioxidedioxide byby manometrymanometry;; laboriouslaborious andand notnot automatableautomatable

chemicalchemical methodsmethods

physicalphysical methodsmethods
gaseousgaseous carboncarbon dioxidedioxide byby manometrymanometry;; laboriouslaborious andand notnot automatableautomatable

chemicalchemical methodsmethodschemicalchemical methodsmethods
continuouscontinuous measurementmeasurement –– COCO22 diffusiondiffusion throughthrough SiSi--membranemembrane andand sorptionsorption asas HCOHCO33

–– inin
alkalialkali buffer,buffer, pHpH 99..22 withwith phenolphthaleinphenolphthalein;; colourationcolouration decreasedecrease (acidification)(acidification)
photometryphotometry

chemicalchemical methodsmethods
continuouscontinuous measurementmeasurement –– COCO22 diffusiondiffusion throughthrough SiSi--membranemembrane andand sorptionsorption asas HCOHCO33

–– inin
alkalialkali buffer,buffer, pHpH 99..22 withwith phenolphthaleinphenolphthalein;; colourationcolouration decreasedecrease (acidification)(acidification)
photometryphotometryphotometryphotometry
electrochemicalelectrochemical measurementmeasurement –– COCO22 electrode,electrode, partialpartial pressurepressure ofof dissolveddissolved gasgas inin bloodblood

enzymaticenzymatic methodsmethods

photometryphotometry
electrochemicalelectrochemical measurementmeasurement –– COCO22 electrode,electrode, partialpartial pressurepressure ofof dissolveddissolved gasgas inin bloodblood

enzymaticenzymatic methodsmethods
alkalisationalkalisation –– transformationtransformation intointo HCOHCO33

––

enzymesenzymes:: phosphoenolpyruvatephosphoenolpyruvate carboxylasecarboxylase (PEPC),(PEPC), malatemalate dehydrogenasedehydrogenase (MDH)(MDH)::

HCOHCO –– ++ phosphoenolpyruvatephosphoenolpyruvate PEPCPEPC>> oxalacetateoxalacetate + PO+ PO 33––

alkalisationalkalisation –– transformationtransformation intointo HCOHCO33
––

enzymesenzymes:: phosphoenolpyruvatephosphoenolpyruvate carboxylasecarboxylase (PEPC),(PEPC), malatemalate dehydrogenasedehydrogenase (MDH)(MDH)::

HCOHCO –– ++ phosphoenolpyruvatephosphoenolpyruvate PEPCPEPC>> oxalacetateoxalacetate + PO+ PO 33––HCOHCO33 +  +  phosphoenolpyruvatephosphoenolpyruvate >> oxalacetateoxalacetate +  PO+  PO44
oxalacetateoxalacetate +  NADH  +  H+  NADH  +  H++ MDHMDH>> malatemalate +  NAD+  NAD++

procedureprocedure:: alkalialkali bufferbuffer caca 7070 mMmM,, pHpH 88 ++ phosphoenolpyruvatephosphoenolpyruvate 88 mMmM,, NADHNADH 11..66 mMmM,,

HCOHCO33 +  +  phosphoenolpyruvatephosphoenolpyruvate >> oxalacetateoxalacetate +  PO+  PO44
oxalacetateoxalacetate +  NADH  +  H+  NADH  +  H++ MDHMDH>> malatemalate +  NAD+  NAD++

procedureprocedure:: alkalialkali bufferbuffer caca 7070 mMmM,, pHpH 88 ++ phosphoenolpyruvatephosphoenolpyruvate 88 mMmM,, NADHNADH 11..66 mMmM,,
microbialmicrobial PEPCPEPC minmin 1717 μkatμkat/l/l andand microbialmicrobial MDHMDH minmin 44 μkatμkat/l/l
1010 μlμl serum/plasmaserum/plasma (tempered(tempered cuvette)cuvette) ++ 11 mlml agent,agent, incubationincubation 55 minmin atat 3737 °°C,C,
absorbanceabsorbance atat 340340 nmnm

microbialmicrobial PEPCPEPC minmin 1717 μkatμkat/l/l andand microbialmicrobial MDHMDH minmin 44 μkatμkat/l/l
1010 μlμl serum/plasmaserum/plasma (tempered(tempered cuvette)cuvette) ++ 11 mlml agent,agent, incubationincubation 55 minmin atat 3737 °°C,C,
absorbanceabsorbance atat 340340 nmnm 252252252252



chlorideschlorideschlorideschlorides

content:content: main extramain extra--cellular anion (67 %) cellular anion (67 %) 
determination:determination: in serum and plasma; reference interval in serum 98 in serum and plasma; reference interval in serum 98 –– 107 107 mMmM
titrationtitration: : 

content:content: main extramain extra--cellular anion (67 %) cellular anion (67 %) 
determination:determination: in serum and plasma; reference interval in serum 98 in serum and plasma; reference interval in serum 98 –– 107 107 mMmM
titrationtitration: : 

2 2 ClCl–– + Hg(NO+ Hg(NO33))22 →→ HgClHgCl22 +  2 NO+  2 NO33
––

procedureprocedure:: inin acidicacidic medium,medium, mercury(II)mercury(II) nitratenitrate solutionsolution 55 mMmM,, samplesample isis 00..2020 mlml ofof

2 2 ClCl–– + Hg(NO+ Hg(NO33))22 →→ HgClHgCl22 +  2 NO+  2 NO33
––

procedureprocedure:: inin acidicacidic medium,medium, mercury(II)mercury(II) nitratenitrate solutionsolution 55 mMmM,, samplesample isis 00..2020 mlml ofof
serum,serum, indicatorindicator diphenylcarbazondiphenylcarbazon 2020 mMmM inin ethanolethanol

spectrophotometryspectrophotometry: : 

serum,serum, indicatorindicator diphenylcarbazondiphenylcarbazon 2020 mMmM inin ethanolethanol

spectrophotometryspectrophotometry: : 
2 2 ClCl–– +  Hg(SCN)+  Hg(SCN)22 →→ HgClHgCl22 +  2 SCN+  2 SCN––

SCNSCN–– +  +  FeFe(III)(III) →→ Fe(SCN)Fe(SCN)2+2+

procedureprocedure:: measuredmeasured aroundaround 500500 nmnm (red(red product),product), rangerange 8080 –– 125125 mMmM,, calibrationcalibration notnot

2 2 ClCl–– +  Hg(SCN)+  Hg(SCN)22 →→ HgClHgCl22 +  2 SCN+  2 SCN––

SCNSCN–– +  +  FeFe(III)(III) →→ Fe(SCN)Fe(SCN)2+2+

procedureprocedure:: measuredmeasured aroundaround 500500 nmnm (red(red product),product), rangerange 8080 –– 125125 mMmM,, calibrationcalibration notnot
linear,linear, linearitylinearity byby constantconstant amountamount ofof Hg(NOHg(NO33))22 whichwhich bindsbinds caca 6060 mmolmmol ClCl–– inin 11 LL

coulometrycoulometry::
AgAg++ ++ ClCl–– →→ AgClAgCl

linear,linear, linearitylinearity byby constantconstant amountamount ofof Hg(NOHg(NO33))22 whichwhich bindsbinds caca 6060 mmolmmol ClCl–– inin 11 LL

coulometrycoulometry::
AgAg++ ++ ClCl–– →→ AgClAgClAgAg++ +  +  ClCl →→ AgClAgCl

procedureprocedure:: generatinggenerating AgAg(I)(I) inin aa constantconstant raterate offoff anodeanode tilltill equivalenceequivalence.. contentcontent ofof
chlorideschlorides isis thenthen directlydirectly proportionalproportional toto measuredmeasured timetime;; acidicacidic mediummedium (better(better
conductivity)conductivity) atat presencepresence ofof gelatinegelatine oror polyvinylpolyvinyl alcoholalcohol (reproducibility)(reproducibility)

AgAg++ +  +  ClCl →→ AgClAgCl
procedureprocedure:: generatinggenerating AgAg(I)(I) inin aa constantconstant raterate offoff anodeanode tilltill equivalenceequivalence.. contentcontent ofof
chlorideschlorides isis thenthen directlydirectly proportionalproportional toto measuredmeasured timetime;; acidicacidic mediummedium (better(better
conductivity)conductivity) atat presencepresence ofof gelatinegelatine oror polyvinylpolyvinyl alcoholalcohol (reproducibility)(reproducibility)conductivity)conductivity) atat presencepresence ofof gelatinegelatine oror polyvinylpolyvinyl alcoholalcohol (reproducibility)(reproducibility)conductivity)conductivity) atat presencepresence ofof gelatinegelatine oror polyvinylpolyvinyl alcoholalcohol (reproducibility)(reproducibility)
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coppercopper

content:content: metalloenzymes, in plasma in 95 % on coeruloplasminmetalloenzymes, in plasma in 95 % on coeruloplasmin
d t i tid t i ti i f i t l ( l/l) 10 1i f i t l ( l/l) 10 1 18 4 ( l ) 11 318 4 ( l ) 11 3 25 225 2

coppercopper

content:content: metalloenzymes, in plasma in 95 % on coeruloplasminmetalloenzymes, in plasma in 95 % on coeruloplasmin
d t i tid t i ti i f i t l ( l/l) 10 1i f i t l ( l/l) 10 1 18 4 ( l ) 11 318 4 ( l ) 11 3 25 225 2determination:determination: in serum; reference interval (μmol/l) 10.1 in serum; reference interval (μmol/l) 10.1 –– 18.4 (males), 11.3 18.4 (males), 11.3 –– 25.2 25.2 
(females)(females)

AASAAS::

determination:determination: in serum; reference interval (μmol/l) 10.1 in serum; reference interval (μmol/l) 10.1 –– 18.4 (males), 11.3 18.4 (males), 11.3 –– 25.2 25.2 
(females)(females)

AASAAS::
: : only sample dilution necessaryonly sample dilution necessary

reaction with bathocuproinreaction with bathocuproin::
procedureprocedure:: deproteinationdeproteination ++ reductionreduction agentagent (hydroxylamine(hydroxylamine oror pyrosulphitepyrosulphite inin

: : only sample dilution necessaryonly sample dilution necessary

reaction with bathocuproinreaction with bathocuproin::
procedureprocedure:: deproteinationdeproteination ++ reductionreduction agentagent (hydroxylamine(hydroxylamine oror pyrosulphitepyrosulphite ininprocedureprocedure:: deproteinationdeproteination ++ reductionreduction agentagent (hydroxylamine(hydroxylamine oror pyrosulphitepyrosulphite inin
combinationcombination withwith pp--(N(N--methyl)aminophenol),methyl)aminophenol), centrifugation,centrifugation, supernatantsupernatant isis putput intointo
otherother tubetube andand bathocuproinbathocuproin solutionsolution isis addedadded;; inin stronglystrongly acidicacidic mediummedium orangeorange
complexcomplex isis measuredmeasured atat 480480 nmnm

procedureprocedure:: deproteinationdeproteination ++ reductionreduction agentagent (hydroxylamine(hydroxylamine oror pyrosulphitepyrosulphite inin
combinationcombination withwith pp--(N(N--methyl)aminophenol),methyl)aminophenol), centrifugation,centrifugation, supernatantsupernatant isis putput intointo
otherother tubetube andand bathocuproinbathocuproin solutionsolution isis addedadded;; inin stronglystrongly acidicacidic mediummedium orangeorange
complexcomplex isis measuredmeasured atat 480480 nmnmcomplexcomplex isis measuredmeasured atat 480480 nmnm
:: dependsdepends onon glassglass puritypurity;; EDTA,EDTA, washedwashed byby waterwater withwith ammoniumammonium
complexcomplex isis measuredmeasured atat 480480 nmnm
:: dependsdepends onon glassglass puritypurity;; EDTA,EDTA, washedwashed byby waterwater withwith ammoniumammonium

zinczinczinczinc
contentcontent:: metalloenzymesmetalloenzymes
determinationdetermination:: inin plasma,plasma, serum,serum, saliva,saliva, urineurine;; referencereference intervalinterval (serum)(serum) 1010 –– 2020 μMμM

spectrophotometryspectrophotometry withwith 55--BrBr--PAPSPAPS

contentcontent:: metalloenzymesmetalloenzymes
determinationdetermination:: inin plasma,plasma, serum,serum, saliva,saliva, urineurine;; referencereference intervalinterval (serum)(serum) 1010 –– 2020 μMμM

spectrophotometryspectrophotometry withwith 55--BrBr--PAPSPAPSspectrophotometryspectrophotometry withwith 55 BrBr PAPSPAPS
procedureprocedure:: 22--((55--bromobromo--22--pyridylazo)pyridylazo)--55--(N(N--nn--propylpropyl--NN--33--sulphopropylamino)phenolsulphopropylamino)phenol atat
pHpH 88..66 ++ makingmaking agentsagents (other(other endogenousendogenous metals),metals), atat 560560 nm,nm, notnot sensitivesensitive enoughenough

AASAAS

spectrophotometryspectrophotometry withwith 55 BrBr PAPSPAPS
procedureprocedure:: 22--((55--bromobromo--22--pyridylazo)pyridylazo)--55--(N(N--nn--propylpropyl--NN--33--sulphopropylamino)phenolsulphopropylamino)phenol atat
pHpH 88..66 ++ makingmaking agentsagents (other(other endogenousendogenous metals),metals), atat 560560 nm,nm, notnot sensitivesensitive enoughenough

AASAASAASAAS
procedureprocedure:: samplesample isis 55xx diluteddiluted byby 55%% glycerol,glycerol, measuredmeasured atat 213213..88 nmnm;; urineurine onlyonly fromfrom
2424 hh collection,collection, directlydirectly intointo flameflame;; complicationscomplications –– highhigh saltsalt contentcontent

AASAAS
procedureprocedure:: samplesample isis 55xx diluteddiluted byby 55%% glycerol,glycerol, measuredmeasured atat 213213..88 nmnm;; urineurine onlyonly fromfrom
2424 hh collection,collection, directlydirectly intointo flameflame;; complicationscomplications –– highhigh saltsalt contentcontent 254254254254



calciumcalcium
contentcontent:: bonebone tissuetissue ((9999 %%),), extraextra--cellularcellular liquid,liquid, freefree Ca(II)Ca(II) isis onlyonly activeactive
determinationdetermination:: inin serumserum onlyonly freefree oror alsoalso boundbound;; referencereference intervalinterval 22 11 –– 22 66 mMmM

calciumcalcium
contentcontent:: bonebone tissuetissue ((9999 %%),), extraextra--cellularcellular liquid,liquid, freefree Ca(II)Ca(II) isis onlyonly activeactive
determinationdetermination:: inin serumserum onlyonly freefree oror alsoalso boundbound;; referencereference intervalinterval 22 11 –– 22 66 mMmMdeterminationdetermination:: inin serum,serum, onlyonly freefree oror alsoalso boundbound;; referencereference intervalinterval 22..11 22..66 mMmM

reactionreaction withwith oo--cresolphthaleincresolphthalein complexoncomplexon::
procedureprocedure:: pHpH 1212 inin mediummedium withwith organicorganic basebase ((22--aminoamino--22--methylmethyl--11--propanol,propanol, 22--

determinationdetermination:: inin serum,serum, onlyonly freefree oror alsoalso boundbound;; referencereference intervalinterval 22..11 22..66 mMmM

reactionreaction withwith oo--cresolphthaleincresolphthalein complexoncomplexon::
procedureprocedure:: pHpH 1212 inin mediummedium withwith organicorganic basebase ((22--aminoamino--22--methylmethyl--11--propanol,propanol, 22--procedureprocedure:: pHpH 1212 inin mediummedium withwith organicorganic basebase ((22 aminoamino 22 methylmethyl 11 propanol,propanol, 22
ethylaminoethanol)ethylaminoethanol);; measuredmeasured atat 580580 nm,nm, 88--hydroxyquinolinhydroxyquinolin suppressessuppresses interferencesinterferences

reactionreaction withwith arsenazoarsenazo IIIIII::

procedureprocedure:: pHpH 1212 inin mediummedium withwith organicorganic basebase ((22 aminoamino 22 methylmethyl 11 propanol,propanol, 22
ethylaminoethanol)ethylaminoethanol);; measuredmeasured atat 580580 nm,nm, 88--hydroxyquinolinhydroxyquinolin suppressessuppresses interferencesinterferences

reactionreaction withwith arsenazoarsenazo IIIIII::
procedureprocedure:: imidazoleimidazole bufferbuffer pHpH 66,, blueblue complex,complex, measuredmeasured aroundaround 650650 nmnm;; specificspecific
detergentsdetergents suppresssuppress interferencesinterferences ofof proteinsproteins
procedureprocedure:: imidazoleimidazole bufferbuffer pHpH 66,, blueblue complex,complex, measuredmeasured aroundaround 650650 nmnm;; specificspecific
detergentsdetergents suppresssuppress interferencesinterferences ofof proteinsproteins

AASAAS::
procedureprocedure:: similarlysimilarly toto magnesium,magnesium, measuredmeasured withwith CaCa--lamplamp atat 422422..77 nm,nm, expensive,expensive,
higherhigher precisionprecision andand accuracyaccuracy

AASAAS::
procedureprocedure:: similarlysimilarly toto magnesium,magnesium, measuredmeasured withwith CaCa--lamplamp atat 422422..77 nm,nm, expensive,expensive,
higherhigher precisionprecision andand accuracyaccuracy

ISEISE::
:: Ca(II)Ca(II) activityactivity measured,measured, dependsdepends mainlymainly onon ionicionic strengthstrength (Na(Na++ andand ClCl––)) –– calibratorscalibrators
ISEISE::
:: Ca(II)Ca(II) activityactivity measured,measured, dependsdepends mainlymainly onon ionicionic strengthstrength (Na(Na++ andand ClCl––)) –– calibratorscalibrators
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potassiumpotassium

contentcontent:: KK++ inin mainmain intraintra--cellularcellular cationcation ((44..66 mMmM))

potassiumpotassium

contentcontent:: KK++ inin mainmain intraintra--cellularcellular cationcation ((44..66 mMmM))(( ))
determinationdetermination:: inin allall bodybody fluids,fluids, mostlymostly inin plasmaplasma andand serum,serum, stronglystrongly interferedinterfered byby
haemolysishaemolysis;; referencereference intervalinterval inin serumserum 33..88 –– 55..22 mMmM

titi th dth d

(( ))
determinationdetermination:: inin allall bodybody fluids,fluids, mostlymostly inin plasmaplasma andand serum,serum, stronglystrongly interferedinterfered byby
haemolysishaemolysis;; referencereference intervalinterval inin serumserum 33..88 –– 55..22 mMmM

titi th dth denzymaticenzymatic methodsmethods
enzymesenzymes:: tryptophanasetryptophanase (TR),(TR), glutamateglutamate dehydrogenasedehydrogenase (GLD)(GLD)

tryptophan + pyridoxaltryptophan + pyridoxal--55--phosphatephosphate TRTR;; >> indolindol ++ pyruvatepyruvate + NH+ NH44
++

enzymaticenzymatic methodsmethods
enzymesenzymes:: tryptophanasetryptophanase (TR),(TR), glutamateglutamate dehydrogenasedehydrogenase (GLD)(GLD)

tryptophan + pyridoxaltryptophan + pyridoxal--55--phosphatephosphate TRTR;; >> indolindol ++ pyruvatepyruvate + NH+ NH44
++KK++KK++tryptophan + pyridoxaltryptophan + pyridoxal 55 phosphate  phosphate  >> indolindol + + pyruvatepyruvate + NH+ NH44

NHNH44
++ + 2+ 2--oxoglutarate + NADPH + Hoxoglutarate + NADPH + H++ GLDGLD>> glutamate + NADPglutamate + NADP++

enzymes:enzymes: pyruvatepyruvate kinasekinase (PK), lactate (PK), lactate dehydrogenasedehydrogenase (LDH)(LDH)

tryptophan + pyridoxaltryptophan + pyridoxal 55 phosphate  phosphate  >> indolindol + + pyruvatepyruvate + NH+ NH44
NHNH44

++ + 2+ 2--oxoglutarate + NADPH + Hoxoglutarate + NADPH + H++ GLDGLD>> glutamate + NADPglutamate + NADP++

enzymes:enzymes: pyruvatepyruvate kinasekinase (PK), lactate (PK), lactate dehydrogenasedehydrogenase (LDH)(LDH)

phosphoenolpyruvatephosphoenolpyruvate + ADP + ADP PKPK;; >> pyruvatepyruvate + ATP+ ATP
pyruvatepyruvate + NADH + H+ NADH + H++ LDHLDH>> lactate + NADlactate + NAD++

NN l il i bb dd

phosphoenolpyruvatephosphoenolpyruvate + ADP + ADP PKPK;; >> pyruvatepyruvate + ATP+ ATP
pyruvatepyruvate + NADH + H+ NADH + H++ LDHLDH>> lactate + NADlactate + NAD++

NN l il i bb dd

KK++KK++

:: NaNa++ concentrateconcentrate loweringlowering byby cryptandcryptand

chemicalchemical methodsmethods
AESAES::

:: NaNa++ concentrateconcentrate loweringlowering byby cryptandcryptand

chemicalchemical methodsmethods
AESAES::AESAES::
procedureprocedure:: serumserum diluteddiluted byby spectralspectral bufferbuffer (lithium(lithium oror caesium,caesium, stabilisesstabilises effectiveeffective
temperaturetemperature ofof flameflame;; anionanion tensidestensides BrijBrij 3535 oror SteroxSterox SESE forfor betterbetter atomisation)atomisation);; flameflame
propanepropane--airair;; Na,Na, K,K, LiLi andand CsCs withwith sharpsharp lineslines atat 589589 nm,nm, 768768,, 671671 andand 852852 nmnm

AESAES::
procedureprocedure:: serumserum diluteddiluted byby spectralspectral bufferbuffer (lithium(lithium oror caesium,caesium, stabilisesstabilises effectiveeffective
temperaturetemperature ofof flameflame;; anionanion tensidestensides BrijBrij 3535 oror SteroxSterox SESE forfor betterbetter atomisation)atomisation);; flameflame
propanepropane--airair;; Na,Na, K,K, LiLi andand CsCs withwith sharpsharp lineslines atat 589589 nm,nm, 768768,, 671671 andand 852852 nmnmpropanepropane airair;; Na,Na, K,K, LiLi andand CsCs withwith sharpsharp lineslines atat 589589 nm,nm, 768768,, 671671 andand 852852 nmnm

ISEISE::
:: electrodeelectrode withwith liquidliquid membranemembrane

propanepropane airair;; Na,Na, K,K, LiLi andand CsCs withwith sharpsharp lineslines atat 589589 nm,nm, 768768,, 671671 andand 852852 nmnm

ISEISE::
:: electrodeelectrode withwith liquidliquid membranemembrane 256256256256



sodiumsodiumsodiumsodium

content:content: NaNa++ main extramain extra--cellular cation (cellular cation (caca 142 142 mMmM))
determinationdetermination:: inin allall bodybody fluids,fluids, mostlymostly inin plasmaplasma andand serum,serum, stronglystrongly interferedinterfered byby
haemolysishaemolysis;; referencereference intervalinterval inin serumserum 132132 142142 mMmM

content:content: NaNa++ main extramain extra--cellular cation (cellular cation (caca 142 142 mMmM))
determinationdetermination:: inin allall bodybody fluids,fluids, mostlymostly inin plasmaplasma andand serum,serum, stronglystrongly interferedinterfered byby
haemolysishaemolysis;; referencereference intervalinterval inin serumserum 132132 142142 mMmMhaemolysishaemolysis;; referencereference intervalinterval inin serumserum 132132 –– 142142 mMmM

enzymatic methodsenzymatic methods
enzymes:enzymes: ββ--galactosidasegalactosidase ((βGDβGD))

haemolysishaemolysis;; referencereference intervalinterval inin serumserum 132132 –– 142142 mMmM

enzymatic methodsenzymatic methods
enzymes:enzymes: ββ--galactosidasegalactosidase ((βGDβGD))enzymes:enzymes: ββ galactosidasegalactosidase ((βGDβGD))

22--nitrophenylnitrophenyl--ββ--DD--galactopyranosid galactopyranosid βGC;βGC; >> galactose galactose + 2+ 2--nitrophenolnitrophenol

enzymes:enzymes: ββ galactosidasegalactosidase ((βGDβGD))

22--nitrophenylnitrophenyl--ββ--DD--galactopyranosid galactopyranosid βGC;βGC; >> galactose galactose + 2+ 2--nitrophenolnitrophenolNaNa++NaNa++

22--nitrophenolnitrophenol ((chromophorechromophore)) measruedmeasrued kineticallykinetically atat 420420 nm,nm, NaNa++ contentcontent loweredlowered toto
measurablemeasurable valuesvalues byby cryptandcryptand,, ee..gg.. KryptofixKryptofix 221221
22--nitrophenolnitrophenol ((chromophorechromophore)) measruedmeasrued kineticallykinetically atat 420420 nm,nm, NaNa++ contentcontent loweredlowered toto
measurablemeasurable valuesvalues byby cryptandcryptand,, ee..gg.. KryptofixKryptofix 221221

chemical methodschemical methods
AESAES: : 
as potassiumas potassium

chemical methodschemical methods
AESAES: : 
as potassiumas potassium

ISEISE: : 
electrode with glassy membraneelectrode with glassy membrane
ISEISE: : 
electrode with glassy membraneelectrode with glassy membrane
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barbituratesbarbiturates

contentcontent:: medicalmedical rugsrugs (sedative)(sedative)

barbituratesbarbiturates

contentcontent:: medicalmedical rugsrugs (sedative)(sedative)
determinationdetermination:: inin serumserum (medication(medication monitoring),monitoring), inin urineurine oror stomachstomach (intoxication)(intoxication)

chemicalchemical methodsmethods
h t hh t h

determinationdetermination:: inin serumserum (medication(medication monitoring),monitoring), inin urineurine oror stomachstomach (intoxication)(intoxication)

chemicalchemical methodsmethods
h t hh t hgasgas chromatographychromatography::

procedureprocedure:: aprobarbitalaprobarbital (internal(internal standard)standard) isis addedadded toto serum,serum, diethyletherdiethylether doubledouble
extraction,extraction, sodiumsodium sulphatesulphate dehydrationdehydration andand drydry evaporationevaporation;; evaporateevaporate dissolveddissolved inin
ethylacetateethylacetate;; GCGC separationseparation capillarycapillary columncolumn (WCOT)(WCOT) flameflame ionisationionisation detectordetector carriercarrier

gasgas chromatographychromatography::
procedureprocedure:: aprobarbitalaprobarbital (internal(internal standard)standard) isis addedadded toto serum,serum, diethyletherdiethylether doubledouble
extraction,extraction, sodiumsodium sulphatesulphate dehydrationdehydration andand drydry evaporationevaporation;; evaporateevaporate dissolveddissolved inin
ethylacetateethylacetate;; GCGC separationseparation capillarycapillary columncolumn (WCOT)(WCOT) flameflame ionisationionisation detectordetector carriercarrierethylacetateethylacetate;; GCGC separationseparation –– capillarycapillary columncolumn (WCOT),(WCOT), flameflame ionisationionisation detector,detector, carriercarrier
gasgas ArAr oror HeHe;; analysisanalysis ofof differentdifferent barbituratebarbiturate typestypes (short,(short, mediummedium andand longlong termterm
affecting)affecting)

ethylacetateethylacetate;; GCGC separationseparation –– capillarycapillary columncolumn (WCOT),(WCOT), flameflame ionisationionisation detector,detector, carriercarrier
gasgas ArAr oror HeHe;; analysisanalysis ofof differentdifferent barbituratebarbiturate typestypes (short,(short, mediummedium andand longlong termterm
affecting)affecting)

titrationtitration analysisanalysis::
procedureprocedure:: extractionextraction byby phosphatephosphate bufferbuffer pHpH 77 andand chloroformchloroform mixturemixture;; intointo organicorganic
phasephase bufferbuffer isis againagain addedadded withwith mercury(II)mercury(II) chloridechloride extractsextracts andand centrifugescentrifuges;; organicorganic

titrationtitration analysisanalysis::
procedureprocedure:: extractionextraction byby phosphatephosphate bufferbuffer pHpH 77 andand chloroformchloroform mixturemixture;; intointo organicorganic
phasephase bufferbuffer isis againagain addedadded withwith mercury(II)mercury(II) chloridechloride extractsextracts andand centrifugescentrifuges;; organicorganicphasephase bufferbuffer isis againagain addedadded withwith mercury(II)mercury(II) chloride,chloride, extractsextracts andand centrifugescentrifuges;; organicorganic
phasephase isis titratedtitrated byby diphenylthiocarbazondiphenylthiocarbazon ((dithizondithizon)) solution,solution, changechange fromfrom violetviolet
({({Hg(II)Hg(II)--barbiturate}barbiturate} complex)complex) toto orangeorange ({({Hg(II)Hg(II)--dithizondithizon}} complex)complex);; hydantoinshydantoins andand
cycliccyclic imidesimides ofof glutaricglutaric acidacid interfereinterfere mostlymostly

phasephase bufferbuffer isis againagain addedadded withwith mercury(II)mercury(II) chloride,chloride, extractsextracts andand centrifugescentrifuges;; organicorganic
phasephase isis titratedtitrated byby diphenylthiocarbazondiphenylthiocarbazon ((dithizondithizon)) solution,solution, changechange fromfrom violetviolet
({({Hg(II)Hg(II)--barbiturate}barbiturate} complex)complex) toto orangeorange ({({Hg(II)Hg(II)--dithizondithizon}} complex)complex);; hydantoinshydantoins andand
cycliccyclic imidesimides ofof glutaricglutaric acidacid interfereinterfere mostlymostlycycliccyclic imidesimides ofof glutaricglutaric acidacid interfereinterfere mostlymostlycycliccyclic imidesimides ofof glutaricglutaric acidacid interfereinterfere mostlymostly
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bilirubin and its estersbilirubin and its estersbilirubin and its estersbilirubin and its esters

contentcontent:: metabolismmetabolism ofof haemehaeme throughthrough biliverdinbiliverdin toto bilirubinbilirubin andand conjugatesconjugates (mono(mono-- andand
diglucuronidesdiglucuronides esters)esters)
d i id i i ii dd ii ff i li l ff ll bili bibili bi ii ( M)( M)

contentcontent:: metabolismmetabolism ofof haemehaeme throughthrough biliverdinbiliverdin toto bilirubinbilirubin andand conjugatesconjugates (mono(mono-- andand
diglucuronidesdiglucuronides esters)esters)
d i id i i ii dd ii ff i li l ff ll bili bibili bi ii ( M)( M)determinationdetermination:: inin serumserum andand urineurine;; referencereference intervalinterval forfor totaltotal bilirubinbilirubin inin serumserum (μM)(μM)::
newnew--bornsborns 6868 –– 138138,, childrenchildren andand adultsadults 33..44 –– 1717..11,, outout ofof whichwhich conjugated,conjugated, soso calledcalled
directdirect bilirubinbilirubin 00 –– 33..44

determinationdetermination:: inin serumserum andand urineurine;; referencereference intervalinterval forfor totaltotal bilirubinbilirubin inin serumserum (μM)(μM)::
newnew--bornsborns 6868 –– 138138,, childrenchildren andand adultsadults 33..44 –– 1717..11,, outout ofof whichwhich conjugated,conjugated, soso calledcalled
directdirect bilirubinbilirubin 00 –– 33..44

chemicalchemical methodsmethods
bilirubinbilirubin andand itsits conjugatesconjugates determinationdetermination (and(and partpart ofof bilirubinbilirubin covalentlycovalently boundbound toto
albumin)albumin) isis basedbased ofof azobilirubinazobilirubin creationcreation (acidobasic(acidobasic indicator)indicator):: redred inin weakweak acidicacidic andand

chemicalchemical methodsmethods
bilirubinbilirubin andand itsits conjugatesconjugates determinationdetermination (and(and partpart ofof bilirubinbilirubin covalentlycovalently boundbound toto
albumin)albumin) isis basedbased ofof azobilirubinazobilirubin creationcreation (acidobasic(acidobasic indicator)indicator):: redred inin weakweak acidicacidic andandalbumin)albumin) isis basedbased ofof azobilirubinazobilirubin creationcreation (acidobasic(acidobasic indicator)indicator):: redred inin weakweak acidicacidic andand
neutralneutral pH,pH, inin strongstrong acidicacidic andand alkalialkali rangerange isis blueblue;; conjugatesconjugates (i(i..ee.. directdirect bilirubin)bilirubin)
reactsreacts withoutwithout acceleratorsaccelerators;; unconjugatedunconjugated bilirubinbilirubin (i(i..ee.. free)free) doesdoes notnot react,react, onlyonly inin
presencepresence ofof acceleratorsaccelerators (alcohol(alcohol caffeinecaffeine etcetc )) whichwhich releaserelease andand solubilisesolubilise bilirubinbilirubin

albumin)albumin) isis basedbased ofof azobilirubinazobilirubin creationcreation (acidobasic(acidobasic indicator)indicator):: redred inin weakweak acidicacidic andand
neutralneutral pH,pH, inin strongstrong acidicacidic andand alkalialkali rangerange isis blueblue;; conjugatesconjugates (i(i..ee.. directdirect bilirubin)bilirubin)
reactsreacts withoutwithout acceleratorsaccelerators;; unconjugatedunconjugated bilirubinbilirubin (i(i..ee.. free)free) doesdoes notnot react,react, onlyonly inin
presencepresence ofof acceleratorsaccelerators (alcohol(alcohol caffeinecaffeine etcetc )) whichwhich releaserelease andand solubilisesolubilise bilirubinbilirubinpresencepresence ofof acceleratorsaccelerators (alcohol,(alcohol, caffeinecaffeine etcetc.. ),), whichwhich releaserelease andand solubilisesolubilise bilirubinbilirubin
fromfrom itsits bondsbonds toto albuminalbumin

determinationdetermination ofof totaltotal bilirubinbilirubin atat presencepresence ofof acceleratorsaccelerators;; withinwithin increasedincreased contentcontent

presencepresence ofof acceleratorsaccelerators (alcohol,(alcohol, caffeinecaffeine etcetc.. ),), whichwhich releaserelease andand solubilisesolubilise bilirubinbilirubin
fromfrom itsits bondsbonds toto albuminalbumin

determinationdetermination ofof totaltotal bilirubinbilirubin atat presencepresence ofof acceleratorsaccelerators;; withinwithin increasedincreased contentcontent
alsoalso thethe directdirect bilirubinbilirubin isis determineddetermined withoutwithout acceleratorsaccelerators;; withinwithin newnew--bornborn jaundicejaundice
andand irradiationirradiation ofof newnew--bornsborns withwith UVUV--light,light, whichwhich servesserves toto decomposedecompose andand removeremove ofof
free,free, unconjugatedunconjugated bilirubin,bilirubin, itit waswas observedobserved creationcreation ofof soso--calledcalled photobilirubins,photobilirubins, whichwhich

ffff ff

alsoalso thethe directdirect bilirubinbilirubin isis determineddetermined withoutwithout acceleratorsaccelerators;; withinwithin newnew--bornborn jaundicejaundice
andand irradiationirradiation ofof newnew--bornsborns withwith UVUV--light,light, whichwhich servesserves toto decomposedecompose andand removeremove ofof
free,free, unconjugatedunconjugated bilirubin,bilirubin, itit waswas observedobserved creationcreation ofof soso--calledcalled photobilirubins,photobilirubins, whichwhich

ffff ffhavehave inin contrarycontrary toto normalnormal bilirubinbilirubin differentdifferent reactionreaction kineticskinetics andand maymay distortdistort resultsresults ofof
measurementsmeasurements
havehave inin contrarycontrary toto normalnormal bilirubinbilirubin differentdifferent reactionreaction kineticskinetics andand maymay distortdistort resultsresults ofof
measurementsmeasurements
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spectrophotometryspectrophotometry withwith diazotiseddiazotised sulphanilicsulphanilic acidacid::
procedureprocedure:: IFCCIFCC methodmethod ofof totaltotal bilirubinbilirubin determinationdetermination;; samplesample inin cuvettecuvette ++ sulphanilicsulphanilic
spectrophotometryspectrophotometry withwith diazotiseddiazotised sulphanilicsulphanilic acidacid::
procedureprocedure:: IFCCIFCC methodmethod ofof totaltotal bilirubinbilirubin determinationdetermination;; samplesample inin cuvettecuvette ++ sulphanilicsulphanilic
acidacid solutionsolution inin HClHCl (cleaves(cleaves bilirubinbilirubin inin methylenemethylene bridge)bridge) withwith acceleratoraccelerator solutionsolution
(mixture(mixture ofof caffeine,caffeine, sodiumsodium acetateacetate andand benzoate)benzoate) ++ NaNONaNO22 solutionsolution (diazonium(diazonium salts)salts);;
afterafter 1010 minmin inin weakweak acidicacidic mediummedium absorbanceabsorbance isis measuredmeasured ofof redred azobilirubinazobilirubin atat 430430 ––

acidacid solutionsolution inin HClHCl (cleaves(cleaves bilirubinbilirubin inin methylenemethylene bridge)bridge) withwith acceleratoraccelerator solutionsolution
(mixture(mixture ofof caffeine,caffeine, sodiumsodium acetateacetate andand benzoate)benzoate) ++ NaNONaNO22 solutionsolution (diazonium(diazonium salts)salts);;
afterafter 1010 minmin inin weakweak acidicacidic mediummedium absorbanceabsorbance isis measuredmeasured ofof redred azobilirubinazobilirubin atat 430430 ––
460460 nmnm;; determinationdetermination throughthrough blueblue formform isis donedone byby addingadding alkalialkali bufferbuffer solutionsolution (NaOH(NaOH
andand sodiumsodium potassiumpotassium tartrate),tartrate), andand inin pHpH 1212 itit isis measuredmeasured atat 580580 –– 620620 nmnm
determinationdetermination ofof directdirect bilirubinbilirubin isis donedone withoutwithout acceleratoraccelerator byby stoppingstopping diazoreactiondiazoreaction byby

bibi idid (di ti ti(di ti ti tt d iti )d iti ) itit ii llll dd ddd d ftft 55 1010 ii

460460 nmnm;; determinationdetermination throughthrough blueblue formform isis donedone byby addingadding alkalialkali bufferbuffer solutionsolution (NaOH(NaOH
andand sodiumsodium potassiumpotassium tartrate),tartrate), andand inin pHpH 1212 itit isis measuredmeasured atat 580580 –– 620620 nmnm
determinationdetermination ofof directdirect bilirubinbilirubin isis donedone withoutwithout acceleratoraccelerator byby stoppingstopping diazoreactiondiazoreaction byby

bibi idid (di ti ti(di ti ti tt d iti )d iti ) itit ii llll dd ddd d ftft 55 1010 iiascorbicascorbic acidacid (diazotisation(diazotisation agentagent decomposition),decomposition), itit isis usuallyusually addedadded afterafter 55 oror 1010 minmin;;
totaltotal bilirubinbilirubin isis determineddetermined withwith cationcation--activeactive detergentdetergent likelike acceleratoraccelerator
(cetyltrimethylamonium(cetyltrimethylamonium bromide)bromide)

ascorbicascorbic acidacid (diazotisation(diazotisation agentagent decomposition),decomposition), itit isis usuallyusually addedadded afterafter 55 oror 1010 minmin;;
totaltotal bilirubinbilirubin isis determineddetermined withwith cationcation--activeactive detergentdetergent likelike acceleratoraccelerator
(cetyltrimethylamonium(cetyltrimethylamonium bromide)bromide)

spectrophotometryspectrophotometry afterafter oxidationoxidation::
procedureprocedure:: bilirubinbilirubin oxidationoxidation (yellow)(yellow) byby vanadicvanadic acidacid toto biliverdinbiliverdin (green)(green);; twotwo--pointpoint
absorbanceabsorbance measurementmeasurement beforebefore andand oxidationoxidation ((33 min)min);; itit isis possiblepossible alsoalso toto determinedetermine

spectrophotometryspectrophotometry afterafter oxidationoxidation::
procedureprocedure:: bilirubinbilirubin oxidationoxidation (yellow)(yellow) byby vanadicvanadic acidacid toto biliverdinbiliverdin (green)(green);; twotwo--pointpoint
absorbanceabsorbance measurementmeasurement beforebefore andand oxidationoxidation ((33 min)min);; itit isis possiblepossible alsoalso toto determinedetermineabsorbanceabsorbance measurementmeasurement beforebefore andand oxidationoxidation ((33 min)min);; itit isis possiblepossible alsoalso toto determinedetermine
directdirect bilirubinbilirubin

enzymaticenzymatic methodsmethods

absorbanceabsorbance measurementmeasurement beforebefore andand oxidationoxidation ((33 min)min);; itit isis possiblepossible alsoalso toto determinedetermine
directdirect bilirubinbilirubin

enzymaticenzymatic methodsmethodsenzymaticenzymatic methodsmethods
enzymeenzyme:: bilirubinbilirubin oxidaseoxidase (BOX)(BOX)

bilirubin (yellow) bilirubin (yellow) BOXBOX>> biliverdin (green)biliverdin (green)

enzymaticenzymatic methodsmethods
enzymeenzyme:: bilirubinbilirubin oxidaseoxidase (BOX)(BOX)

bilirubin (yellow) bilirubin (yellow) BOXBOX>> biliverdin (green)biliverdin (green)

procedureprocedure:: pHpH 44..55,, measuredmeasured inin rangerange 424424 –– 465465 nmnm kinetickinetic inin timetime intervalinterval caca 55 minmin;;
totaltotal bilirubinbilirubin isis determineddetermined atat pHpH 88..55 atat presencepresence ofof acceleratorsaccelerators
procedureprocedure:: pHpH 44..55,, measuredmeasured inin rangerange 424424 –– 465465 nmnm kinetickinetic inin timetime intervalinterval caca 55 minmin;;
totaltotal bilirubinbilirubin isis determineddetermined atat pHpH 88..55 atat presencepresence ofof acceleratorsaccelerators
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ethanolethanolethanolethanol
contentcontent:: alcoholicalcoholic intoxicationintoxication

chemicalchemical methodsmethods

contentcontent:: alcoholicalcoholic intoxicationintoxication

chemicalchemical methodsmethods
WidmarkWidmark methodmethod;; distillationdistillation ofof alcoholalcohol offoff sample,sample, oxidationoxidation byby dichromatedichromate inin
sulphuricsulphuric acidacid oror inin glacialglacial aceticacetic acid,acid, surplussurplus ofof dichromatedichromate isis thenthen determineddetermined byby
iodometriciodometric titrationtitration;; gasgas chromatographychromatography isis usedused inin forensicforensic investigationsinvestigations

WidmarkWidmark methodmethod;; distillationdistillation ofof alcoholalcohol offoff sample,sample, oxidationoxidation byby dichromatedichromate inin
sulphuricsulphuric acidacid oror inin glacialglacial aceticacetic acid,acid, surplussurplus ofof dichromatedichromate isis thenthen determineddetermined byby
iodometriciodometric titrationtitration;; gasgas chromatographychromatography isis usedused inin forensicforensic investigationsinvestigations

:: toto proveprove heavyheavy (chronic)(chronic) alcoholismalcoholism,, soso calledcalled carbohydratecarbohydrate deficientdeficient transferrintransferrin (CDT)(CDT)
testtest waswas developeddeveloped basedbased onon heterogeneousheterogeneous immunoanalysisimmunoanalysis
:: toto proveprove heavyheavy (chronic)(chronic) alcoholismalcoholism,, soso calledcalled carbohydratecarbohydrate deficientdeficient transferrintransferrin (CDT)(CDT)
testtest waswas developeddeveloped basedbased onon heterogeneousheterogeneous immunoanalysisimmunoanalysis

enzymaticenzymatic methodsmethods
enzymeenzyme:: alcoholalcohol dehydrogenasedehydrogenase (ADH)(ADH)
enzymaticenzymatic methodsmethods
enzymeenzyme:: alcoholalcohol dehydrogenasedehydrogenase (ADH)(ADH)

CHCH33CHCH22OH   +  NADOH   +  NAD++ ADHADH>> CHCH33CHO  +  NADH  +  HCHO  +  NADH  +  H++

procedureprocedure:: samplesample deproteinationdeproteination byby perchloricperchloric acid,acid, alcoholalcohol isis determineddetermined fromfrom

CHCH33CHCH22OH   +  NADOH   +  NAD++ ADHADH>> CHCH33CHO  +  NADH  +  HCHO  +  NADH  +  H++

procedureprocedure:: samplesample deproteinationdeproteination byby perchloricperchloric acid,acid, alcoholalcohol isis determineddetermined fromfromprocedureprocedure:: samplesample deproteinationdeproteination byby perchloricperchloric acid,acid, alcoholalcohol isis determineddetermined fromfrom
supernatantsupernatant inin alkalialkali bufferbuffer pHpH 88..77 (pyrophosphate,(pyrophosphate, semicarbazidesemicarbazide andand glycine),glycine),
absorbanceabsorbance atat 3737 °°CC atat 340340 nmnm afterafter incubationincubation 2525 minmin

procedureprocedure:: samplesample deproteinationdeproteination byby perchloricperchloric acid,acid, alcoholalcohol isis determineddetermined fromfrom
supernatantsupernatant inin alkalialkali bufferbuffer pHpH 88..77 (pyrophosphate,(pyrophosphate, semicarbazidesemicarbazide andand glycine),glycine),
absorbanceabsorbance atat 3737 °°CC atat 340340 nmnm afterafter incubationincubation 2525 minmin
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drugs of abusedrugs of abuse (DOA)(DOA)

h fh f dd hh l h ll h l hh b bb b

drugs of abusedrugs of abuse (DOA)(DOA)

h fh f dd hh l h ll h l hh b bb bcontentcontent:: psychofarmacapsychofarmaca andand theirtheir precursorsprecursors –– alcohol,alcohol, amphetamine,amphetamine, barbiturates,barbiturates,
benzodiazepines,benzodiazepines, cannabinoids,cannabinoids, cocaine,cocaine, methadone,methadone, opiates,opiates, antidepressives,antidepressives, anabolicanabolic
steroidssteroids etcetc..
d t i tid t i ti b lb l tt i ti t ff t tit ti (POCT)(POCT)

contentcontent:: psychofarmacapsychofarmaca andand theirtheir precursorsprecursors –– alcohol,alcohol, amphetamine,amphetamine, barbiturates,barbiturates,
benzodiazepines,benzodiazepines, cannabinoids,cannabinoids, cocaine,cocaine, methadone,methadone, opiates,opiates, antidepressives,antidepressives, anabolicanabolic
steroidssteroids etcetc..
d t i tid t i ti b lb l tt i ti t ff t tit ti (POCT)(POCT)determinationdetermination:: belongsbelongs toto pointpoint--ofof--carecare testingtesting (POCT)(POCT)

chemicalchemical methodsmethods
competitivecompetitive immunochemistryimmunochemistry fastfast statimstatim orientationorientation determinationdetermination ofof thethe mostmost usualusual

determinationdetermination:: belongsbelongs toto pointpoint--ofof--carecare testingtesting (POCT)(POCT)

chemicalchemical methodsmethods
competitivecompetitive immunochemistryimmunochemistry fastfast statimstatim orientationorientation determinationdetermination ofof thethe mostmost usualusualcompetitivecompetitive immunochemistryimmunochemistry –– fastfast statimstatim orientationorientation determinationdetermination ofof thethe mostmost usualusual
drugsdrugs ofof abuse,abuse, urineurine screeningscreening onon diagnosticdiagnostic stripstrip

instrumentalinstrumental techniquestechniques –– GCGC--MSMS oror HPLCHPLC servesserves mostlymostly forfor consequentconsequent quantitativequantitative

competitivecompetitive immunochemistryimmunochemistry –– fastfast statimstatim orientationorientation determinationdetermination ofof thethe mostmost usualusual
drugsdrugs ofof abuse,abuse, urineurine screeningscreening onon diagnosticdiagnostic stripstrip

instrumentalinstrumental techniquestechniques –– GCGC--MSMS oror HPLCHPLC servesserves mostlymostly forfor consequentconsequent quantitativequantitativeinstrumentalinstrumental techniquestechniques –– GCGC--MSMS oror HPLC,HPLC, servesserves mostlymostly forfor consequentconsequent quantitativequantitative
analysisanalysis afterafter positivepositive screeningscreening testtest

screeningscreening imunoassayimunoassay

instrumentalinstrumental techniquestechniques –– GCGC--MSMS oror HPLC,HPLC, servesserves mostlymostly forfor consequentconsequent quantitativequantitative
analysisanalysis afterafter positivepositive screeningscreening testtest

screeningscreening imunoassayimunoassayscreeningscreening imunoassayimunoassay
multifunctionalmultifunctional (up(up toto 99--zone)zone) stripstrip test,test, mostmost frequentlyfrequently:: amphetamine,amphetamine, barbiturates,barbiturates,
benzodiazepines,benzodiazepines, cocaine,cocaine, methamphetamine,methamphetamine, morphine,morphine, phencyclidinephencyclidine andand tricyclictricyclic
antidepressivesantidepressives (or(or theirtheir metabolites)metabolites)

screeningscreening imunoassayimunoassay
multifunctionalmultifunctional (up(up toto 99--zone)zone) stripstrip test,test, mostmost frequentlyfrequently:: amphetamine,amphetamine, barbiturates,barbiturates,
benzodiazepines,benzodiazepines, cocaine,cocaine, methamphetamine,methamphetamine, morphine,morphine, phencyclidinephencyclidine andand tricyclictricyclic
antidepressivesantidepressives (or(or theirtheir metabolites)metabolites)a t dep ess esa t dep ess es (o(o t et e etabo tes)etabo tes)a t dep ess esa t dep ess es (o(o t et e etabo tes)etabo tes)
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procedureprocedure:: drugdrug fromfrom urineurine ((mAgmAg)) competecompete forfor bindingbinding sitessites withwith (usually)(usually) murinemurine
monoclonalmonoclonal antibodyantibody againstagainst itit ((AbAb11**),), fixedfixed onon surfacesurface ofof microparticlesmicroparticles,, whichwhich areare
procedureprocedure:: drugdrug fromfrom urineurine ((mAgmAg)) competecompete forfor bindingbinding sitessites withwith (usually)(usually) murinemurine
monoclonalmonoclonal antibodyantibody againstagainst itit ((AbAb11**),), fixedfixed onon surfacesurface ofof microparticlesmicroparticles,, whichwhich areare11
sorbedsorbed (not(not immobilised)immobilised) inin lowerlower partpart ofof stripstrip;; inin upperupper partpart ofof strip,strip, therethere isis
immobilisedimmobilised otherother (second)(second) antibodyantibody AbAb22 againstagainst murinemurine immunoglobulinsimmunoglobulins ofof AbAb11**

11
sorbedsorbed (not(not immobilised)immobilised) inin lowerlower partpart ofof stripstrip;; inin upperupper partpart ofof strip,strip, therethere isis
immobilisedimmobilised otherother (second)(second) antibodyantibody AbAb22 againstagainst murinemurine immunoglobulinsimmunoglobulins ofof AbAb11**

afterafter sinkingsinking ofof multimulti--stripstrip intointo urineurine samplesample containingcontaining somesome ofof testedtested DOAs,DOAs, thethe
antibodyantibody onon thethe startstart reactsreacts andand createscreates colouredcoloured immunocompleximmunocomplex [[AbAb11**--mAgmAg]] andand
risesrises upup

afterafter sinkingsinking ofof multimulti--stripstrip intointo urineurine samplesample containingcontaining somesome ofof testedtested DOAs,DOAs, thethe
antibodyantibody onon thethe startstart reactsreacts andand createscreates colouredcoloured immunocompleximmunocomplex [[AbAb11**--mAgmAg]] andand
risesrises upup

urineurine withoutwithout DOADOA:: complexcomplex isis notnot createdcreated andand colouredcoloured microparticlesmicroparticles withwith fixedfixed
antibodyantibody riserise upup andand inin thethe middlemiddle partpart reactsreacts AbAb11** withwith onon--therethere immobilisedimmobilised
DOA/metaboliteDOA/metabolite andand createscreates therethere colouredcoloured immunocompleximmunocomplex [[AgAg AbAb **]] asas negativenegative

urineurine withoutwithout DOADOA:: complexcomplex isis notnot createdcreated andand colouredcoloured microparticlesmicroparticles withwith fixedfixed
antibodyantibody riserise upup andand inin thethe middlemiddle partpart reactsreacts AbAb11** withwith onon--therethere immobilisedimmobilised
DOA/metaboliteDOA/metabolite andand createscreates therethere colouredcoloured immunocompleximmunocomplex [[AgAg AbAb **]] asas negativenegativeDOA/metaboliteDOA/metabolite andand createscreates therethere colouredcoloured immunocompleximmunocomplex [[AgAg--AbAb11**]] asas negativenegative
controlcontrol

urineurine withwith DOADOA:: colouredcoloured immunocompleximmunocomplex [[AbAb **--mAgmAg]] createdcreated withwith samplesample risesrises

DOA/metaboliteDOA/metabolite andand createscreates therethere colouredcoloured immunocompleximmunocomplex [[AgAg--AbAb11**]] asas negativenegative
controlcontrol

urineurine withwith DOADOA:: colouredcoloured immunocompleximmunocomplex [[AbAb **--mAgmAg]] createdcreated withwith samplesample risesrisesurineurine withwith DOADOA:: colouredcoloured immunocompleximmunocomplex [[AbAb11**--mAgmAg]] createdcreated withwith samplesample risesrises
andand isis capturedcaptured atat thethe endend ofof strip,strip, wherewhere itit reactsreacts withwith AbAb22 andand createscreates stronglystrongly
colouredcoloured zonezone asas positivepositive testtest [[AbAb22--AbAb11**--mAgmAg]];; antibodyantibody AbAb11** isis inin thatthat casecase
antigenantigen forfor secondsecond fixedfixed antibodyantibody AbAb22

urineurine withwith DOADOA:: colouredcoloured immunocompleximmunocomplex [[AbAb11**--mAgmAg]] createdcreated withwith samplesample risesrises
andand isis capturedcaptured atat thethe endend ofof strip,strip, wherewhere itit reactsreacts withwith AbAb22 andand createscreates stronglystrongly
colouredcoloured zonezone asas positivepositive testtest [[AbAb22--AbAb11**--mAgmAg]];; antibodyantibody AbAb11** isis inin thatthat casecase
antigenantigen forfor secondsecond fixedfixed antibodyantibody AbAb22antigenantigen forfor secondsecond fixedfixed antibodyantibody AbAb22

sensitivitysensitivity:: 1010 –– 100100 ngng/ml/ml
colloidcolloid goldgold (Au)(Au) microparticlesmicroparticles areare used,used, resultingresulting colourcolour ofof negativenegative controlcontrol andand alsoalso

antigenantigen forfor secondsecond fixedfixed antibodyantibody AbAb22

sensitivitysensitivity:: 1010 –– 100100 ngng/ml/ml
colloidcolloid goldgold (Au)(Au) microparticlesmicroparticles areare used,used, resultingresulting colourcolour ofof negativenegative controlcontrol andand alsoalsocolloidcolloid goldgold (Au)(Au) microparticlesmicroparticles areare used,used, resultingresulting colourcolour ofof negativenegative controlcontrol andand alsoalso
positivepositive testtest isis redred oror blueblue (if(if thethe surfacesurface ofof thethe microparticlemicroparticle isis blue)blue)
colloidcolloid goldgold (Au)(Au) microparticlesmicroparticles areare used,used, resultingresulting colourcolour ofof negativenegative controlcontrol andand alsoalso
positivepositive testtest isis redred oror blueblue (if(if thethe surfacesurface ofof thethe microparticlemicroparticle isis blue)blue)
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glucoseglucose

contentcontent:: representsrepresents metabolismmetabolism ofof saccharidessaccharides

glucoseglucose

contentcontent:: representsrepresents metabolismmetabolism ofof saccharidessaccharidescontentcontent:: representsrepresents metabolismmetabolism ofof saccharidessaccharides
determinationdetermination:: inin serum,serum, plasmaplasma andand urineurine (most(most commonlycommonly determineddetermined analyte)analyte);;
referencereference intervalinterval ((mMmM)) inin serumserum 33..99 –– 66..11,, inin plasmaplasma 33..33 –– 55..66 andand inin 2424 hh collectedcollected
urineurine upup toto 11 3939

contentcontent:: representsrepresents metabolismmetabolism ofof saccharidessaccharides
determinationdetermination:: inin serum,serum, plasmaplasma andand urineurine (most(most commonlycommonly determineddetermined analyte)analyte);;
referencereference intervalinterval ((mMmM)) inin serumserum 33..99 –– 66..11,, inin plasmaplasma 33..33 –– 55..66 andand inin 2424 hh collectedcollected
urineurine upup toto 11 3939urineurine upup toto 11..3939

chemicalchemical methodsmethods
reactionreaction withwith oo--aminotolueneaminotoluene

urineurine upup toto 11..3939

chemicalchemical methodsmethods
reactionreaction withwith oo--aminotolueneaminotoluenereactionreaction withwith oo aminotolueneaminotoluene
specificspecific (also(also onlyonly galactosegalactose andand mannose),mannose), supernatantsupernatant ofof deproteinateddeproteinated samplesample inin
mediummedium ofof glacialglacial aceticacetic acid,acid, whenwhen oo--aminotolueneaminotoluene ((66 %% oo--toluidinetoluidine inin 8080 %% aceticacetic acidacid
containingcontaining 00..55 %% ofof oxalicoxalic acid)acid) condensatescondensates withwith GluGlu underunder elevatedelevated temperaturetemperature intointo

reactionreaction withwith oo aminotolueneaminotoluene
specificspecific (also(also onlyonly galactosegalactose andand mannose),mannose), supernatantsupernatant ofof deproteinateddeproteinated samplesample inin
mediummedium ofof glacialglacial aceticacetic acid,acid, whenwhen oo--aminotolueneaminotoluene ((66 %% oo--toluidinetoluidine inin 8080 %% aceticacetic acidacid
containingcontaining 00..55 %% ofof oxalicoxalic acid)acid) condensatescondensates withwith GluGlu underunder elevatedelevated temperaturetemperature intointogg )) pp
glycosylamineglycosylamine,, stabilisedstabilised byby SchiffSchiff base,base, greengreen productproduct atat caca 630630 nmnm
:: agressiveagressive chemicalchemicalss,, necessitynecessity ofof boilingboiling andand samplesample deproteinationdeproteination

gg )) pp
glycosylamineglycosylamine,, stabilisedstabilised byby SchiffSchiff base,base, greengreen productproduct atat caca 630630 nmnm
:: agressiveagressive chemicalchemicalss,, necessitynecessity ofof boilingboiling andand samplesample deproteinationdeproteination

enzymaticenzymatic methodsmethods
enzymesenzymes:: hexokinasehexokinase (HK),(HK), glucoseglucose--66--phosphatephosphate dehydrogenasedehydrogenase (G(G66PD),PD), glucoseglucose
oxidaseoxidase (GOD),(GOD), glucoseglucose dehydrogenasedehydrogenase (GDH),(GDH), peroxidaseperoxidase (POD)(POD)

enzymaticenzymatic methodsmethods
enzymesenzymes:: hexokinasehexokinase (HK),(HK), glucoseglucose--66--phosphatephosphate dehydrogenasedehydrogenase (G(G66PD),PD), glucoseglucose
oxidaseoxidase (GOD),(GOD), glucoseglucose dehydrogenasedehydrogenase (GDH),(GDH), peroxidaseperoxidase (POD)(POD)

determinationdetermination withwith GDHGDH
RR--CH=O + HCH=O + H22O + NADO + NAD++ GDHGDH>> RR--COOH + NADH + HCOOH + NADH + H++

dd ll ii i di d i hi h kiki l il i ( h h( h h b ffb ff HH 77 66 GDHGDH 44 55

determinationdetermination withwith GDHGDH
RR--CH=O + HCH=O + H22O + NADO + NAD++ GDHGDH>> RR--COOH + NADH + HCOOH + NADH + H++

dd ll ii i di d i hi h kiki l il i ( h h( h h b ffb ff HH 77 66 GDHGDH 44 55procedureprocedure:: samplesample isis mixedmixed withwith workingworking solutionsolution (phosphate(phosphate bufferbuffer pHpH 77..66,, GDHGDH caca 44..55
kUkU/l/l andand NADNAD++ caca 22..22 mMmM),), incubatedincubated forfor 77 minmin atat 3737 °°C,C, absorbanceabsorbance increaseincrease atat 340340
nmnm

procedureprocedure:: samplesample isis mixedmixed withwith workingworking solutionsolution (phosphate(phosphate bufferbuffer pHpH 77..66,, GDHGDH caca 44..55
kUkU/l/l andand NADNAD++ caca 22..22 mMmM),), incubatedincubated forfor 77 minmin atat 3737 °°C,C, absorbanceabsorbance increaseincrease atat 340340
nmnm 264264264264



determination with HK and G6PDdetermination with HK and G6PD
glucose  +  ATP  glucose  +  ATP  HKHK>> glucoseglucose--66--phosphate  +  ADPphosphate  +  ADP

glucoseglucose--66--phosphate  +  NADPphosphate  +  NADP++ G6PDG6PD>> gluconolactongluconolacton--66--phosphate  +  NADPH  +  Hphosphate  +  NADPH  +  H++

determination with HK and G6PDdetermination with HK and G6PD
glucose  +  ATP  glucose  +  ATP  HKHK>> glucoseglucose--66--phosphate  +  ADPphosphate  +  ADP

glucoseglucose--66--phosphate  +  NADPphosphate  +  NADP++ G6PDG6PD>> gluconolactongluconolacton--66--phosphate  +  NADPH  +  Hphosphate  +  NADPH  +  H++gg p pp p gg p pp p

procedureprocedure:: samplesample withwith workingworking solutionsolution (TRIS(TRIS 5050 mMmM pHpH 77..55,, ATPATP 11 mMmM,, NADNAD++ 22 mMmM,,
HKHK caca 33 kUkU/l/l andand GG66PDPD 22 kUkU/l)/l) atat 3737 °°C,C, afterafter 55 minmin atat 340340 nmnm;; HKHK isis forfor glucoseglucose

gg p pp p gg p pp p

procedureprocedure:: samplesample withwith workingworking solutionsolution (TRIS(TRIS 5050 mMmM pHpH 77..55,, ATPATP 11 mMmM,, NADNAD++ 22 mMmM,,
HKHK caca 33 kUkU/l/l andand GG66PDPD 22 kUkU/l)/l) atat 3737 °°C,C, afterafter 55 minmin atat 340340 nmnm;; HKHK isis forfor glucoseglucose
unspecificunspecific enzyme,enzyme, specificityspecificity lieslies inin consequentconsequent reactionreaction

determination by oxidative copulation with GOD and PODdetermination by oxidative copulation with GOD and POD
i li l

unspecificunspecific enzyme,enzyme, specificityspecificity lieslies inin consequentconsequent reactionreaction

determination by oxidative copulation with GOD and PODdetermination by oxidative copulation with GOD and POD
i li lmost practicalmost practical

RR--CH=O  +  OCH=O  +  O22 +  H+  H22O  O  GODGOD>> RR--COOH  +  HCOOH  +  H22OO22
RR--NHNH22 +  C+  C66HH55--OH  +  2 HOH  +  2 H22OO22

PODPOD>> RR--N=CN=C66HH44=O  +  4 H=O  +  4 H22OO

most practicalmost practical
RR--CH=O  +  OCH=O  +  O22 +  H+  H22O  O  GODGOD>> RR--COOH  +  HCOOH  +  H22OO22

RR--NHNH22 +  C+  C66HH55--OH  +  2 HOH  +  2 H22OO22
PODPOD>> RR--N=CN=C66HH44=O  +  4 H=O  +  4 H22OO

procedureprocedure:: samplesample withwith workingworking solutionsolution (phosphate(phosphate caca 00..1515 mMmM pHpH 88..00,, GODGOD 1010 kUkU/l,/l,
PODPOD 11 kUkU/l,/l, AAPAAP 11 mMmM andand 33--methylphenolmethylphenol 1010 mMmM)) atat 3737 °°C,C, absorbanceabsorbance changechange atat 500500
nmnm inin intervalinterval 3030 9090 secsec oror resultingresulting colourcolour afterafter 1515 minmin;; secondsecond reactionreaction inin unspecificunspecific

procedureprocedure:: samplesample withwith workingworking solutionsolution (phosphate(phosphate caca 00..1515 mMmM pHpH 88..00,, GODGOD 1010 kUkU/l,/l,
PODPOD 11 kUkU/l,/l, AAPAAP 11 mMmM andand 33--methylphenolmethylphenol 1010 mMmM)) atat 3737 °°C,C, absorbanceabsorbance changechange atat 500500
nmnm inin intervalinterval 3030 9090 secsec oror resultingresulting colourcolour afterafter 1515 minmin;; secondsecond reactionreaction inin unspecificunspecificnmnm inin intervalinterval 3030 –– 9090 secsec oror resultingresulting colourcolour afterafter 1515 minmin;; secondsecond reactionreaction inin unspecific,unspecific,
isis interferedinterfered byby reductivereductive compoundscompounds (vitamin(vitamin C)C)

special analysersspecial analysers

nmnm inin intervalinterval 3030 –– 9090 secsec oror resultingresulting colourcolour afterafter 1515 minmin;; secondsecond reactionreaction inin unspecific,unspecific,
isis interferedinterfered byby reductivereductive compoundscompounds (vitamin(vitamin C)C)

special analysersspecial analysersspecial analysersspecial analysers
personal personal glucometersglucometers for selffor self--control of diabeticscontrol of diabetics
procedureprocedure:: immobilisedimmobilised GODGOD andand electrodeelectrode systemsystem inin drydry state,state, indicationindication byby
amperometryamperometry (so(so calledcalled ClarkClark electrode)electrode)::

special analysersspecial analysers
personal personal glucometersglucometers for selffor self--control of diabeticscontrol of diabetics
procedureprocedure:: immobilisedimmobilised GODGOD andand electrodeelectrode systemsystem inin drydry state,state, indicationindication byby
amperometryamperometry (so(so calledcalled ClarkClark electrode)electrode)::amperometryamperometry (so(so calledcalled ClarkClark electrode)electrode)::

HH22OO22
PtPt>> 2 H2 H++ +  O+  O22 + 2 e+ 2 e––

or:        glucose  +  Oor:        glucose  +  O22 + R+ R--Fe(II)  Fe(II)  PODPOD>> gluconategluconate +  R+  R--Fe(III)Fe(III)

amperometryamperometry (so(so calledcalled ClarkClark electrode)electrode)::
HH22OO22

PtPt>> 2 H2 H++ +  O+  O22 + 2 e+ 2 e––

or:        glucose  +  Oor:        glucose  +  O22 + R+ R--Fe(II)  Fe(II)  PODPOD>> gluconategluconate +  R+  R--Fe(III)Fe(III) 265265265265



pyruvatepyruvate

content:content: product of lactate oxidation catalysed by LDH enzyme,product of lactate oxidation catalysed by LDH enzyme,

pyruvatepyruvate

content:content: product of lactate oxidation catalysed by LDH enzyme,product of lactate oxidation catalysed by LDH enzyme,p y y y ,p y y y ,
determination:determination: in blood only in small amount approx.  41 in blood only in small amount approx.  41 –– 67 67 nMnM

enzymatic methodsenzymatic methods

p y y y ,p y y y ,
determination:determination: in blood only in small amount approx.  41 in blood only in small amount approx.  41 –– 67 67 nMnM

enzymatic methodsenzymatic methodsyy
enzyme:enzyme: lactate lactate dehydrogenasedehydrogenase (LDH)(LDH)

pyruvatepyruvate + NADH + H+ NADH + H++ LDHLDH>> LL--lactate + NADlactate + NAD++

yy
enzyme:enzyme: lactate lactate dehydrogenasedehydrogenase (LDH)(LDH)

pyruvatepyruvate + NADH + H+ NADH + H++ LDHLDH>> LL--lactate + NADlactate + NAD++

creatininecreatininecreatininecreatininecreatininecreatinine

contentcontent:: cellularcellular productproduct ofof muscularmuscular energeticenergetic metabolismmetabolism ofof creatinecreatine
determinationdetermination:: basicbasic investigationinvestigation ofof serumserum andand urineurine (kidney(kidney functionfunction –– creatininecreatinine

creatininecreatinine

contentcontent:: cellularcellular productproduct ofof muscularmuscular energeticenergetic metabolismmetabolism ofof creatinecreatine
determinationdetermination:: basicbasic investigationinvestigation ofof serumserum andand urineurine (kidney(kidney functionfunction –– creatininecreatininedeterminationdetermination:: basicbasic investigationinvestigation ofof serumserum andand urineurine (kidney(kidney functionfunction creatininecreatinine
clearance)clearance);; amountamount isis proportionalproportional toto musclemuscle massmass sizesize;; referencereference intervalinterval forfor serumserum
creatininecreatinine isis underunder 115115 μMμM

determinationdetermination:: basicbasic investigationinvestigation ofof serumserum andand urineurine (kidney(kidney functionfunction creatininecreatinine
clearance)clearance);; amountamount isis proportionalproportional toto musclemuscle massmass sizesize;; referencereference intervalinterval forfor serumserum
creatininecreatinine isis underunder 115115 μMμM

chemicalchemical methodsmethods
JafféJaffé reactionreaction
redred--orangeorange JanovskyJanovsky complexcomplex (adduct(adduct ofof creatininecreatinine withwith picratepicrate 11::11));; unspecific,unspecific, reactreact

chemicalchemical methodsmethods
JafféJaffé reactionreaction
redred--orangeorange JanovskyJanovsky complexcomplex (adduct(adduct ofof creatininecreatinine withwith picratepicrate 11::11));; unspecific,unspecific, reactreactgg yy pp (( pp ));; p ,p ,
alsoalso nonnon--creatininecreatinine chromogenschromogens:: proteins,proteins, glucose,glucose, ascorbicascorbic acid,acid, guanidine,guanidine, acetone,acetone,
acetoacetateacetoacetate andand pyruvatepyruvate

gg yy pp (( pp ));; p ,p ,
alsoalso nonnon--creatininecreatinine chromogenschromogens:: proteins,proteins, glucose,glucose, ascorbicascorbic acid,acid, guanidine,guanidine, acetone,acetone,
acetoacetateacetoacetate andand pyruvatepyruvate

procedureprocedure:: serumserum withwith workingworking solutionsolution (picric(picric acidacid 44..44 mMmM,, NaOHNaOH 150150 mMmM andand
NaNa22HPOHPO44 1313 mMmM),), absorbanceabsorbance afterafter 1010 ss oror moremore preciselyprecisely afterafter 22 minmin atat 492492 nmnm
procedureprocedure:: serumserum withwith workingworking solutionsolution (picric(picric acidacid 44..44 mMmM,, NaOHNaOH 150150 mMmM andand
NaNa22HPOHPO44 1313 mMmM),), absorbanceabsorbance afterafter 1010 ss oror moremore preciselyprecisely afterafter 22 minmin atat 492492 nmnm 266266266266



enzymatic methodsenzymatic methods
determination through determination through quinoniminequinonimine dyesdyes
enzymes:enzymes: creatininasecreatininase (KRN), (KRN), creatinasecreatinase (KR), (KR), sarcosinesarcosine oxidaseoxidase (SOX), (SOX), peroxidaseperoxidase

enzymatic methodsenzymatic methods
determination through determination through quinoniminequinonimine dyesdyes
enzymes:enzymes: creatininasecreatininase (KRN), (KRN), creatinasecreatinase (KR), (KR), sarcosinesarcosine oxidaseoxidase (SOX), (SOX), peroxidaseperoxidaseyy ( ),( ), ( ),( ), ( ),( ), pp
(POD)(POD)

creatinine + Hcreatinine + H22O O KRNKRN>> creatinecreatine

yy ( ),( ), ( ),( ), ( ),( ), pp
(POD)(POD)

creatinine + Hcreatinine + H22O O KRNKRN>> creatinecreatine
creatinecreatine + H+ H22O O KRKR>> sarcosinesarcosine + urea+ urea

sarcosinesarcosine + H+ H22O + OO + O22
SOXSOX>> glycineglycine + HCHO + H+ HCHO + H22OO22

2 H2 H22OO22 + 4+ 4--aminoantipyrine + phenol aminoantipyrine + phenol PODPOD>> quinoniminequinonimine dye + 4 Hdye + 4 H22OO

creatinecreatine + H+ H22O O KRKR>> sarcosinesarcosine + urea+ urea
sarcosinesarcosine + H+ H22O + OO + O22

SOXSOX>> glycineglycine + HCHO + H+ HCHO + H22OO22
2 H2 H22OO22 + 4+ 4--aminoantipyrine + phenol aminoantipyrine + phenol PODPOD>> quinoniminequinonimine dye + 4 Hdye + 4 H22OO

procedureprocedure:: suitablesuitable derivativesderivatives ofof phenolphenol –– TBHBTBHB ((22,,44,,66--tribromotribromo--33--hydroxybenzoichydroxybenzoic acid)acid)
andand EHSPTEHSPT (N(N--ethylethyl--NN--((22--hydroxyhydroxy--33--sulphopropyl)sulphopropyl)--mm--toluidinetoluidine),), absorbanceabsorbance atat 550550 nmnm
procedureprocedure:: suitablesuitable derivativesderivatives ofof phenolphenol –– TBHBTBHB ((22,,44,,66--tribromotribromo--33--hydroxybenzoichydroxybenzoic acid)acid)
andand EHSPTEHSPT (N(N--ethylethyl--NN--((22--hydroxyhydroxy--33--sulphopropyl)sulphopropyl)--mm--toluidinetoluidine),), absorbanceabsorbance atat 550550 nmnm

triacylglycerolstriacylglycerols (TG)(TG)triacylglycerolstriacylglycerols (TG)(TG)

contentcontent:: 9595 %% ofof allall lipidslipids storedstored inin tissuestissues areare createdcreated byby saturatedsaturated fattyfatty acidsacids CC1212 toto
CC1818
determinationdetermination:: inin serumserum (independent(independent factorfactor ofof ischemiaischemia ofof thethe heartheart musclemuscle risk),risk),

contentcontent:: 9595 %% ofof allall lipidslipids storedstored inin tissuestissues areare createdcreated byby saturatedsaturated fattyfatty acidsacids CC1212 toto
CC1818
determinationdetermination:: inin serumserum (independent(independent factorfactor ofof ischemiaischemia ofof thethe heartheart musclemuscle risk),risk),
referencereference intervalinterval lowerlower thanthan 11..77 mMmM

chemicalchemical methodsmethods
l dl d dd b bib bi 570570 bb f df d bb ll dd

referencereference intervalinterval lowerlower thanthan 11..77 mMmM

chemicalchemical methodsmethods
l dl d dd b bib bi 570570 bb f df d bb ll dd
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colouredcoloured productproduct absorbingabsorbing atat 570570 nm,nm, oror mustmust bebe transformedtransformed byby acetylacetoneacetylacetone andand
ammoniumammonium acetateacetate ((HantzchHantzch condensation)condensation) intointo yellowyellow 33,,55--diacetyldiacetyl--11,,44--dihydrolutidine,dihydrolutidine,
whichwhich mightmight bebe determineddetermined byby photometryphotometry oror fluorimetryfluorimetry

colouredcoloured productproduct absorbingabsorbing atat 570570 nm,nm, oror mustmust bebe transformedtransformed byby acetylacetoneacetylacetone andand
ammoniumammonium acetateacetate ((HantzchHantzch condensation)condensation) intointo yellowyellow 33,,55--diacetyldiacetyl--11,,44--dihydrolutidine,dihydrolutidine,
whichwhich mightmight bebe determineddetermined byby photometryphotometry oror fluorimetryfluorimetry



described approaches maybe (after extraction of TG) described by these equations:described approaches maybe (after extraction of TG) described by these equations:
TG   +  ROH/OHTG   +  ROH/OH–– →→ glycerol  + 3Rglycerol  + 3R--COOHCOOH

described approaches maybe (after extraction of TG) described by these equations:described approaches maybe (after extraction of TG) described by these equations:
TG   +  ROH/OHTG   +  ROH/OH–– →→ glycerol  + 3Rglycerol  + 3R--COOHCOOH

glycerol  +  IOglycerol  +  IO44
–– →→ HCHO  +  HCOOH  +  HHCHO  +  HCOOH  +  H22O  +  IOO  +  IO33

––

HCHO  +  HCHO  +  chromotropicchromotropic acid +  Hacid +  H22SOSO44 →→ colour productcolour product
glycerol  +  IOglycerol  +  IO44

–– →→ HCHO  +  HCOOH  +  HHCHO  +  HCOOH  +  H22O  +  IOO  +  IO33
––

HCHO  +  HCHO  +  chromotropicchromotropic acid +  Hacid +  H22SOSO44 →→ colour productcolour product

or:or:or:or:or:or:
4 HCHO  +  NH4 HCHO  +  NH44OH  +  CHOH  +  CH33COCHCOCH22COCHCOCH33 →→ 3,53,5--diacetyldiacetyl--1,41,4--dihydrolutidine  +  5 Hdihydrolutidine  +  5 H22OO

enzymatic methodsenzymatic methods

or:or:
4 HCHO  +  NH4 HCHO  +  NH44OH  +  CHOH  +  CH33COCHCOCH22COCHCOCH33 →→ 3,53,5--diacetyldiacetyl--1,41,4--dihydrolutidine  +  5 Hdihydrolutidine  +  5 H22OO

enzymatic methodsenzymatic methodsenzymatic methodsenzymatic methods
combinationcombination withwith chemicalchemical method,method, useuse ofof createdcreated glycerolglycerol
enzymesenzymes:: glycerolglycerol kinasekinase (GK),(GK), glycerolglycerol--33--phosphatephosphate dehydrogenasedehydrogenase (G(G33PD),PD), pyruvatepyruvate
kinasekinase (PK)(PK) lactatelactate dehydrogenasedehydrogenase (LDH)(LDH) diaphorasediaphorase (DF)(DF) lipoproteinlipoprotein lipaselipase (LPL)(LPL)

enzymatic methodsenzymatic methods
combinationcombination withwith chemicalchemical method,method, useuse ofof createdcreated glycerolglycerol
enzymesenzymes:: glycerolglycerol kinasekinase (GK),(GK), glycerolglycerol--33--phosphatephosphate dehydrogenasedehydrogenase (G(G33PD),PD), pyruvatepyruvate
kinasekinase (PK)(PK) lactatelactate dehydrogenasedehydrogenase (LDH)(LDH) diaphorasediaphorase (DF)(DF) lipoproteinlipoprotein lipaselipase (LPL)(LPL)kinasekinase (PK),(PK), lactatelactate dehydrogenasedehydrogenase (LDH),(LDH), diaphorasediaphorase (DF),(DF), lipoproteinlipoprotein lipaselipase (LPL),(LPL),
glycerolphosphateglycerolphosphate oxidaseoxidase (GPO),(GPO), peroxidaseperoxidase (POD)(POD)
kinasekinase (PK),(PK), lactatelactate dehydrogenasedehydrogenase (LDH),(LDH), diaphorasediaphorase (DF),(DF), lipoproteinlipoprotein lipaselipase (LPL),(LPL),
glycerolphosphateglycerolphosphate oxidaseoxidase (GPO),(GPO), peroxidaseperoxidase (POD)(POD)
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glycerol  +  ATP     glycerol  +  ATP     GKGK>> glycerolglycerol--33--phosphate  +  ADPphosphate  +  ADP
glycerolglycerol--33--phosphate  +  NAD+   phosphate  +  NAD+   G3PDG3PD>> dihydroxyacetonedihydroxyacetone phosphate  +  NADH  +  Hphosphate  +  NADH  +  H++

ADP PEPADP PEP PKPK ATPATP tt

glycerol  +  ATP     glycerol  +  ATP     GKGK>> glycerolglycerol--33--phosphate  +  ADPphosphate  +  ADP
glycerolglycerol--33--phosphate  +  NAD+   phosphate  +  NAD+   G3PDG3PD>> dihydroxyacetonedihydroxyacetone phosphate  +  NADH  +  Hphosphate  +  NADH  +  H++

ADP PEPADP PEP PKPK ATPATP ttADP  +  PEP   ADP  +  PEP   PKPK>> ATP  +  ATP  +  pyruvatepyruvate
pyruvatepyruvate + NADH  +  H+ NADH  +  H++ LDHLDH>> lactate  +  NADlactate  +  NAD++

NADH  +  HNADH  +  H++ +  INT    +  INT    DFDF>> red red formazanformazan INT  +  NADINT  +  NAD++

INTINT iodonitrotetrazoliumiodonitrotetrazolium violetviolet caca 500 nm500 nm

ADP  +  PEP   ADP  +  PEP   PKPK>> ATP  +  ATP  +  pyruvatepyruvate
pyruvatepyruvate + NADH  +  H+ NADH  +  H++ LDHLDH>> lactate  +  NADlactate  +  NAD++

NADH  +  HNADH  +  H++ +  INT    +  INT    DFDF>> red red formazanformazan INT  +  NADINT  +  NAD++

INTINT iodonitrotetrazoliumiodonitrotetrazolium violetviolet caca 500 nm500 nmINTINT –– iodonitrotetrazoliumiodonitrotetrazolium violet, violet, caca 500 nm500 nm

combination with chemical methods too complex and not automatablecombination with chemical methods too complex and not automatable

INTINT –– iodonitrotetrazoliumiodonitrotetrazolium violet, violet, caca 500 nm500 nm

combination with chemical methods too complex and not automatablecombination with chemical methods too complex and not automatable

determination through determination through quinoniminequinonimine dyesdyes
TG  +  3 HTG  +  3 H22O  O  LPLLPL>> glycerol  +  3 Rglycerol  +  3 R--COOHCOOH

glycerol + ATPglycerol + ATP GKGK>> glycerolglycerol--33--phosphate + ADPphosphate + ADP

determination through determination through quinoniminequinonimine dyesdyes
TG  +  3 HTG  +  3 H22O  O  LPLLPL>> glycerol  +  3 Rglycerol  +  3 R--COOHCOOH

glycerol + ATPglycerol + ATP GKGK>> glycerolglycerol--33--phosphate + ADPphosphate + ADPglycerol  +  ATP  glycerol  +  ATP  >> glycerolglycerol 33 phosphate  +  ADPphosphate  +  ADP
glycerolglycerol--33--phosphate  +  Ophosphate  +  O22

GPOGPO>> dihydroxyacetonedihydroxyacetone phosphate  +  Hphosphate  +  H22OO22
2 H2 H22OO22 +  4+  4--aminoantipyrine  +  phenol  aminoantipyrine  +  phenol  PODPOD>> quinoniminequinonimine dye  +  4 Hdye  +  4 H22OO

glycerol  +  ATP  glycerol  +  ATP  >> glycerolglycerol 33 phosphate  +  ADPphosphate  +  ADP
glycerolglycerol--33--phosphate  +  Ophosphate  +  O22

GPOGPO>> dihydroxyacetonedihydroxyacetone phosphate  +  Hphosphate  +  H22OO22
2 H2 H22OO22 +  4+  4--aminoantipyrine  +  phenol  aminoantipyrine  +  phenol  PODPOD>> quinoniminequinonimine dye  +  4 Hdye  +  4 H22OO

phenols: 4phenols: 4--chlorophenol, or 3,5chlorophenol, or 3,5--dihydroxybenzene dihydroxybenzene sulphonicsulphonic acid (DHBS), or Nacid (DHBS), or N--ethylethyl--NN--
(3(3--sulphopropyl)sulphopropyl)--mm--anisidineanisidine (ESPAS) (ESPAS) 

d t i ti th h NADHd t i ti th h NADH

phenols: 4phenols: 4--chlorophenol, or 3,5chlorophenol, or 3,5--dihydroxybenzene dihydroxybenzene sulphonicsulphonic acid (DHBS), or Nacid (DHBS), or N--ethylethyl--NN--
(3(3--sulphopropyl)sulphopropyl)--mm--anisidineanisidine (ESPAS) (ESPAS) 

d t i ti th h NADHd t i ti th h NADHdetermination through NADHdetermination through NADH
TG  +  3 HTG  +  3 H22O O LPLLPL>> glycerol  +  3 Rglycerol  +  3 R--COOHCOOH

glycerol  +  ATP glycerol  +  ATP GKGK>> glycerolglycerol--33--phosphate  +  ADPphosphate  +  ADP
glycerolglycerol 33 phosphate + NADphosphate + NAD++ G3PDG3PD>> dihydroxyacetonedihydroxyacetone phosphate + NADH + Hphosphate + NADH + H++

determination through NADHdetermination through NADH
TG  +  3 HTG  +  3 H22O O LPLLPL>> glycerol  +  3 Rglycerol  +  3 R--COOHCOOH

glycerol  +  ATP glycerol  +  ATP GKGK>> glycerolglycerol--33--phosphate  +  ADPphosphate  +  ADP
glycerolglycerol 33 phosphate + NADphosphate + NAD++ G3PDG3PD>> dihydroxyacetonedihydroxyacetone phosphate + NADH + Hphosphate + NADH + H++glycerolglycerol--33--phosphate  +  NADphosphate  +  NAD++ G3PDG3PD>> dihydroxyacetonedihydroxyacetone phosphate  +  NADH  +  Hphosphate  +  NADH  +  H++

procedure:procedure: with only one solution, onewith only one solution, one--step and automatablestep and automatable

glycerolglycerol--33--phosphate  +  NADphosphate  +  NAD++ G3PDG3PD>> dihydroxyacetonedihydroxyacetone phosphate  +  NADH  +  Hphosphate  +  NADH  +  H++

procedure:procedure: with only one solution, onewith only one solution, one--step and automatablestep and automatable 269269269269



rheumatoid factorrheumatoid factorrheumatoid factorrheumatoid factor

contentcontent:: pentamericpentameric immunoglobulinsimmunoglobulins IgMIgM withwith specificityspecificity forfor FcFc fragmentfragment ofof IgGIgG,, similarsimilar
propertiesproperties alsoalso withinwithin monomericmonomeric IgMIgM,, IgAIgA andand IgGIgG
determinationdetermination:: inin serum,serum, indicationindication (up(up toto 7575 %%)) ofof allall rheumaticrheumatic disordersdisorders

contentcontent:: pentamericpentameric immunoglobulinsimmunoglobulins IgMIgM withwith specificityspecificity forfor FcFc fragmentfragment ofof IgGIgG,, similarsimilar
propertiesproperties alsoalso withinwithin monomericmonomeric IgMIgM,, IgAIgA andand IgGIgG
determinationdetermination:: inin serum,serum, indicationindication (up(up toto 7575 %%)) ofof allall rheumaticrheumatic disordersdisorders( p( p ))

latexlatex fixationfixation testtest
procedureprocedure:: separationseparation accordingaccording toto CohnCohn (extraction(extraction byby setset ofof ethanolethanol solutionssolutions onon

( p( p ))

latexlatex fixationfixation testtest
procedureprocedure:: separationseparation accordingaccording toto CohnCohn (extraction(extraction byby setset ofof ethanolethanol solutionssolutions onon
rocks),rocks), fractionfraction IIII isis mixedmixed withwith latexlatex particles,particles, onon whichwhich γγ--globulinglobulin isis passivelypassively sorbedsorbed,,
agglutinationagglutination appearsappears;; sensitivitysensitivity fromfrom 22 U/mlU/ml

RR W lW l t tt t

rocks),rocks), fractionfraction IIII isis mixedmixed withwith latexlatex particles,particles, onon whichwhich γγ--globulinglobulin isis passivelypassively sorbedsorbed,,
agglutinationagglutination appearsappears;; sensitivitysensitivity fromfrom 22 U/mlU/ml

RR W lW l t tt tRoseRose--WaalerWaaler testtest
haemahaemaggglutinationglutination testtest (ovine(ovine erythrocyteserythrocytes modifiedmodified byby tannintannin /strengthens/strengthens cells/cells/
coveredcovered byby lapinelapine antibodiesantibodies againstagainst ovineovine erythrocytes)erythrocytes);; erythrocyteserythrocytes dodo agglutinateagglutinate

ithith samplesample containingcontaining h manh man he matoidhe matoid factofacto basedbased onon c ossc oss eactioneaction bet eenbet een

RoseRose--WaalerWaaler testtest
haemahaemaggglutinationglutination testtest (ovine(ovine erythrocyteserythrocytes modifiedmodified byby tannintannin /strengthens/strengthens cells/cells/
coveredcovered byby lapinelapine antibodiesantibodies againstagainst ovineovine erythrocytes)erythrocytes);; erythrocyteserythrocytes dodo agglutinateagglutinate

ithith samplesample containingcontaining h manh man he matoidhe matoid factofacto basedbased onon c ossc oss eactioneaction bet eenbet eenwithwith samplesample containingcontaining humanhuman rheumatoidrheumatoid factorfactor basedbased onon crosscross reactionreaction betweenbetween
lapinelapine andand humanhuman IgGIgG
withwith samplesample containingcontaining humanhuman rheumatoidrheumatoid factorfactor basedbased onon crosscross reactionreaction betweenbetween
lapinelapine andand humanhuman IgGIgG
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CC--reactive protein (CRP)reactive protein (CRP)

contentcontent:: belongsbelongs toto soso--calledcalled proteinsproteins ofof acuteacute phasephase andand toto riskrisk factorsfactors ofof ischemiaischemia ofof

CC--reactive protein (CRP)reactive protein (CRP)

contentcontent:: belongsbelongs toto soso--calledcalled proteinsproteins ofof acuteacute phasephase andand toto riskrisk factorsfactors ofof ischemiaischemia ofofgg pp pp
heartheart musclemuscle
determinationdetermination:: inin serum,serum, itsits concentrationconcentration increasesincreases caca 77 hh afterafter thethe inflammationinflammation andand
culminatesculminates duringduring 11 toto 33 days,days, whenwhen itit maymay reachreach thousandthousand ofof mg/l,mg/l, referencereference intervalinterval isis

gg pp pp
heartheart musclemuscle
determinationdetermination:: inin serum,serum, itsits concentrationconcentration increasesincreases caca 77 hh afterafter thethe inflammationinflammation andand
culminatesculminates duringduring 11 toto 33 days,days, whenwhen itit maymay reachreach thousandthousand ofof mg/l,mg/l, referencereference intervalinterval isis
underunder caca 11..66 mg/lmg/l

CRPCRP maymay bebe determineddetermined byby variousvarious immunochemicalimmunochemical methods,methods, mostmost commonlycommonly byby latexlatex
particleparticle methodsmethods

underunder caca 11..66 mg/lmg/l

CRPCRP maymay bebe determineddetermined byby variousvarious immunochemicalimmunochemical methods,methods, mostmost commonlycommonly byby latexlatex
particleparticle methodsmethodsparticleparticle methodsmethods

immunoturbidimetricimmunoturbidimetric determinationdetermination
DuRELDuREL ((ddualual--rradiusadius eenhancednhanced llatexatex)) methodmethod –– latexlatex microparticlesmicroparticles inin twotwo sizessizes withwith twotwo

particleparticle methodsmethods

immunoturbidimetricimmunoturbidimetric determinationdetermination
DuRELDuREL ((ddualual--rradiusadius eenhancednhanced llatexatex)) methodmethod –– latexlatex microparticlesmicroparticles inin twotwo sizessizes withwith twotwoDuRELDuREL ((ddualual rradiusadius eenhancednhanced llatexatex)) methodmethod latexlatex microparticlesmicroparticles inin twotwo sizessizes withwith twotwo
typestypes ofof monoclonalmonoclonal antibodiesantibodies fixedfixed withwith differentdifferent affinityaffinity toto CRPCRP (large(large particlesparticles withwith
higherhigher affinity)affinity);; atat lowlow analyteanalyte concentrationconcentration largerlarger particlesparticles reactreact preferably,preferably, atat higherhigher
concentrationsconcentrations alsoalso thethe smallersmaller ⇒⇒ sensitivesensitive broadbroad andand linearlinear measuringmeasuring rangerange

DuRELDuREL ((ddualual rradiusadius eenhancednhanced llatexatex)) methodmethod latexlatex microparticlesmicroparticles inin twotwo sizessizes withwith twotwo
typestypes ofof monoclonalmonoclonal antibodiesantibodies fixedfixed withwith differentdifferent affinityaffinity toto CRPCRP (large(large particlesparticles withwith
higherhigher affinity)affinity);; atat lowlow analyteanalyte concentrationconcentration largerlarger particlesparticles reactreact preferably,preferably, atat higherhigher
concentrationsconcentrations alsoalso thethe smallersmaller ⇒⇒ sensitivesensitive broadbroad andand linearlinear measuringmeasuring rangerangeconcentrationsconcentrations alsoalso thethe smallersmaller ⇒⇒ sensitive,sensitive, broadbroad andand linearlinear measuringmeasuring rangerange

CRP  + CRP  + AbAb →→ [CRP[CRP--Ab]Ab]
:: turbidityturbidity atat 340340 nmnm

concentrationsconcentrations alsoalso thethe smallersmaller ⇒⇒ sensitive,sensitive, broadbroad andand linearlinear measuringmeasuring rangerange

CRP  + CRP  + AbAb →→ [CRP[CRP--Ab]Ab]
:: turbidityturbidity atat 340340 nmnm:: turbidityturbidity atat 340340 nmnm:: turbidityturbidity atat 340340 nmnm
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trypsintrypsintrypsintrypsintrypsintrypsin

contentcontent:: ECEC 33..44..2121..44,, serineserine proteinaseproteinase,, inin duodenumduodenum
determinationdetermination:: inin plasmaplasma inin duodenalduodenal liquidliquid inin faecesfaeces;; testtest ofof exocrineexocrine pancreaticpancreatic

trypsintrypsin

contentcontent:: ECEC 33..44..2121..44,, serineserine proteinaseproteinase,, inin duodenumduodenum
determinationdetermination:: inin plasmaplasma inin duodenalduodenal liquidliquid inin faecesfaeces;; testtest ofof exocrineexocrine pancreaticpancreaticdeterminationdetermination:: inin plasma,plasma, inin duodenalduodenal liquid,liquid, inin faecesfaeces;; testtest ofof exocrineexocrine pancreaticpancreatic
functionfunction disorder,disorder, referencereference intervalinterval approxapprox.. 150150 ±± 7777 μgμg/l/l

enzymaticenzymatic methodsmethods

determinationdetermination:: inin plasma,plasma, inin duodenalduodenal liquid,liquid, inin faecesfaeces;; testtest ofof exocrineexocrine pancreaticpancreatic
functionfunction disorder,disorder, referencereference intervalinterval approxapprox.. 150150 ±± 7777 μgμg/l/l

enzymaticenzymatic methodsmethodsenzymaticenzymatic methodsmethods
immunochemicallyimmunochemically (namely(namely RIA)RIA)

photometryphotometry withwith chromogenicchromogenic substratessubstrates

enzymaticenzymatic methodsmethods
immunochemicallyimmunochemically (namely(namely RIA)RIA)

photometryphotometry withwith chromogenicchromogenic substratessubstratesphotometryphotometry withwith chromogenicchromogenic substratessubstrates
LL--TAPA + HTAPA + H22O O trypsintrypsin>> NN--αα--tosyltosyl--LL--argininearginine + 4+ 4--nitroanilinenitroaniline

yellowyellow chromophorechromophore 44--nitroanilinenitroaniline;; similarsimilar chromogenicchromogenic substratesubstrate benzoylbenzoyl--LL--argininearginine--44--

photometryphotometry withwith chromogenicchromogenic substratessubstrates
LL--TAPA + HTAPA + H22O O trypsintrypsin>> NN--αα--tosyltosyl--LL--argininearginine + 4+ 4--nitroanilinenitroaniline

yellowyellow chromophorechromophore 44--nitroanilinenitroaniline;; similarsimilar chromogenicchromogenic substratesubstrate benzoylbenzoyl--LL--argininearginine--44--yellowyellow chromophorechromophore 44 nitroanilinenitroaniline;; similarsimilar chromogenicchromogenic substratesubstrate benzoylbenzoyl LL argininearginine 44
nitroanilidnitroanilid

procedureprocedure:: samplesample isis diluteddiluted withwith physiologicalphysiological solutionsolution ++ bufferbuffer TRISTRIS 200200 mMmM pHpH 88 ++

yellowyellow chromophorechromophore 44 nitroanilinenitroaniline;; similarsimilar chromogenicchromogenic substratesubstrate benzoylbenzoyl LL argininearginine 44
nitroanilidnitroanilid

procedureprocedure:: samplesample isis diluteddiluted withwith physiologicalphysiological solutionsolution ++ bufferbuffer TRISTRIS 200200 mMmM pHpH 88 ++pp pp p y gp y g pp
substratesubstrate 11 mMmM,, atat 3737 °°CC afterafter 1010 minmin absorbanceabsorbance atat 405405 nmnm
pp pp p y gp y g pp
substratesubstrate 11 mMmM,, atat 3737 °°CC afterafter 1010 minmin absorbanceabsorbance atat 405405 nmnm
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expectancy test (expectancy test (hCGhCG))expectancy test (expectancy test (hCGhCG))p y (p y ( ))

contentcontent:: humanhuman chorionicchorionic gonadotropinegonadotropine ((hCGhCG),), glycoprotein,glycoprotein, dimerdimer àà 4040 kDakDa;; hormonehormone
producedproduced byby placentaplacenta

p y (p y ( ))

contentcontent:: humanhuman chorionicchorionic gonadotropinegonadotropine ((hCGhCG),), glycoprotein,glycoprotein, dimerdimer àà 4040 kDakDa;; hormonehormone
producedproduced byby placentaplacentapp yy pp
determinationdetermination:: inin maternalmaternal bloodblood andand urineurine;; sincesince 88thth dayday afterafter conception,conception, hCGhCG levellevel inin
urineurine duringduring pregnancypregnancy increasesincreases dramatically,dramatically, highesthighest atat 88thth week,week, positivepositive testtest atat hCGhCG
contentcontent aboveabove 2020 –– 5050 U/lU/l

pp yy pp
determinationdetermination:: inin maternalmaternal bloodblood andand urineurine;; sincesince 88thth dayday afterafter conception,conception, hCGhCG levellevel inin
urineurine duringduring pregnancypregnancy increasesincreases dramatically,dramatically, highesthighest atat 88thth week,week, positivepositive testtest atat hCGhCG
contentcontent aboveabove 2020 –– 5050 U/lU/l

latexlatex agglutinationagglutination testtest
procedureprocedure:: onon supportsupport glassglass;; inin urine,urine, hCGhCG reactsreacts withwith monoclonalmonoclonal antiserumantiserum ((AbAb,,

ii )) dd i hi h i hibii hibi f ll if ll i l i il i i ii ff ddi iddi i ff ll

latexlatex agglutinationagglutination testtest
procedureprocedure:: onon supportsupport glassglass;; inin urine,urine, hCGhCG reactsreacts withwith monoclonalmonoclonal antiserumantiserum ((AbAb,,

ii )) dd i hi h i hibii hibi f ll if ll i l i il i i ii ff ddi iddi i ff llmurinemurine),), andand eithereither inhibitsinhibits followingfollowing agglutinationagglutination reactionreaction afterafter additionaddition ofof latexlatex
particlesparticles withwith fixedfixed hCGhCG,, oror nornor (reaction(reaction wentwent on)on);; inin--parallelparallel soso--calledcalled positivepositive controlcontrol
isis ranran

murinemurine),), andand eithereither inhibitsinhibits followingfollowing agglutinationagglutination reactionreaction afterafter additionaddition ofof latexlatex
particlesparticles withwith fixedfixed hCGhCG,, oror nornor (reaction(reaction wentwent on)on);; inin--parallelparallel soso--calledcalled positivepositive controlcontrol
isis ranran

hCGhCG lowlow contentcontent (cannot(cannot bindbind allall antiserum)antiserum) ⇒⇒ agglutinationagglutination happens,happens, negativenegative::
hCGhCG +  Ab  +  Ab  →→ [[hCGhCG--Ab]  +  Ab]  +  AbAb

Ab +Ab + hCGhCG latelate [Ab[Ab hCGhCG late ]late ]↓↓

hCGhCG lowlow contentcontent (cannot(cannot bindbind allall antiserum)antiserum) ⇒⇒ agglutinationagglutination happens,happens, negativenegative::
hCGhCG +  Ab  +  Ab  →→ [[hCGhCG--Ab]  +  Ab]  +  AbAb

Ab +Ab + hCGhCG latelate [Ab[Ab hCGhCG late ]late ]↓↓Ab  +  Ab  +  hCGhCG--latex  latex  →→ [Ab[Ab--hCGhCG--latex]latex]↓↓

hCGhCG highhigh contentcontent (all(all bound)bound) ⇒⇒ agglutinationagglutination happenshappens not,not, positivepositive::
hCGhCG + Ab+ Ab [[hCGhCG Ab]Ab]

Ab  +  Ab  +  hCGhCG--latex  latex  →→ [Ab[Ab--hCGhCG--latex]latex]↓↓

hCGhCG highhigh contentcontent (all(all bound)bound) ⇒⇒ agglutinationagglutination happenshappens not,not, positivepositive::
hCGhCG + Ab+ Ab [[hCGhCG Ab]Ab]hCGhCG +  Ab   +  Ab   →→ [[hCGhCG--Ab]Ab]

[[hCGhCG--Ab] +  Ab] +  hCGhCG--latexlatex →→ no agglutinationno agglutination
hCGhCG +  Ab   +  Ab   →→ [[hCGhCG--Ab]Ab]

[[hCGhCG--Ab] +  Ab] +  hCGhCG--latexlatex →→ no agglutinationno agglutination

273273273273



diagnosticsdiagnostics stripstrip testtest
withwith colloidcolloid goldgold
stripstrip containscontains inin sitesite ofof samplesample introductionintroduction (down)(down) sorbedsorbed,, butbut notnot fixedfixed monoclonalmonoclonal

diagnosticsdiagnostics stripstrip testtest
withwith colloidcolloid goldgold
stripstrip containscontains inin sitesite ofof samplesample introductionintroduction (down)(down) sorbedsorbed,, butbut notnot fixedfixed monoclonalmonoclonal
antibodyantibody againstagainst hCGhCG onon colloidcolloid goldgold particlesparticles ((AbAb11--AuAu),), upup (in(in thethe directiondirection ofof
diffusion)diffusion) therethere areare twotwo zoneszones withwith immobilisedimmobilised antibodiesantibodies;; firstfirst zonezone containscontains fixedfixed
secondarysecondary antibodyantibody forfor hCGhCG ((AbAb22

bb),), secondsecond zonezone containscontains fixedfixed antibodyantibody forfor AbAb11 ((AbAb33
bb))

antibodyantibody againstagainst hCGhCG onon colloidcolloid goldgold particlesparticles ((AbAb11--AuAu),), upup (in(in thethe directiondirection ofof
diffusion)diffusion) therethere areare twotwo zoneszones withwith immobilisedimmobilised antibodiesantibodies;; firstfirst zonezone containscontains fixedfixed
secondarysecondary antibodyantibody forfor hCGhCG ((AbAb22

bb),), secondsecond zonezone containscontains fixedfixed antibodyantibody forfor AbAb11 ((AbAb33
bb))

hCGhCG highhigh contentcontent
hCGhCG reactsreacts withwith primaryprimary antibodyantibody intointo complex,complex, diffusesdiffuses upup andand isis caughtcaught inin thethe firstfirst

ithith fi dfi d AbAb22 {Ab{Ab22 hCGhCG A AbA Ab11}} d i hd i h dd (( itiiti

hCGhCG highhigh contentcontent
hCGhCG reactsreacts withwith primaryprimary antibodyantibody intointo complex,complex, diffusesdiffuses upup andand isis caughtcaught inin thethe firstfirst

ithith fi dfi d AbAb22 {Ab{Ab22 hCGhCG A AbA Ab11}} d i hd i h dd (( itiitizonezone withwith fixedfixed AbAb22 asas {Ab{Ab22--hCGhCG--AuAbAuAb11}} sandwichsandwich;; redred zonezone appearsappears ((positivepositive
reactionreaction))

hCGhCG lowlow contentcontent

zonezone withwith fixedfixed AbAb22 asas {Ab{Ab22--hCGhCG--AuAbAuAb11}} sandwichsandwich;; redred zonezone appearsappears ((positivepositive
reactionreaction))

hCGhCG lowlow contentcontenthCGhCG lowlow contentcontent
nono complex,complex, AbAb11 diffusesdiffuses up,up, andand isis caughtcaught inin thethe secondsecond zonezone;; therethere appearsappears redred zonezone
ofof colloidcolloid goldgold (negative(negative reaction),reaction), servesserves asas positivepositive controlcontrol

hCGhCG lowlow contentcontent
nono complex,complex, AbAb11 diffusesdiffuses up,up, andand isis caughtcaught inin thethe secondsecond zonezone;; therethere appearsappears redred zonezone
ofof colloidcolloid goldgold (negative(negative reaction),reaction), servesserves asas positivepositive controlcontrol

:: insteadinstead ofof colloidcolloid goldgold ee..gg.. organicorganic dyedye:: insteadinstead ofof colloidcolloid goldgold ee..gg.. organicorganic dyedye
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stripstrip withwith antibodyantibody labelledlabelled withwith enzymeenzyme
:: similarsimilar toto colloidcolloid goldgold
stripstrip withwith antibodyantibody labelledlabelled withwith enzymeenzyme
:: similarsimilar toto colloidcolloid goldgold:: similarsimilar toto colloidcolloid goldgold
:: primaryprimary hCGhCG antibodyantibody isis labelledlabelled withwith suitablesuitable enzymeenzyme ((AbAb11**));; inin aa locationlocation ofof fixedfixed
((AbAb22

bb)) isis inin reactionreaction zonezone suitablesuitable substratesubstrate andand auxiliaryauxiliary compoundscompounds

:: similarsimilar toto colloidcolloid goldgold
:: primaryprimary hCGhCG antibodyantibody isis labelledlabelled withwith suitablesuitable enzymeenzyme ((AbAb11**));; inin aa locationlocation ofof fixedfixed
((AbAb22

bb)) isis inin reactionreaction zonezone suitablesuitable substratesubstrate andand auxiliaryauxiliary compoundscompounds

hCGhCG highhigh contentcontent
complexcomplex [Ab[Ab11**--AgAg]] isis created,created, whichwhich diffusesdiffuses andand isis caughtcaught onon AbAb22

bb ⇒⇒ [Ab[Ab11**--AgAg]]--
AbAb22

bb;; enzymeenzyme catalysescatalyses decompositiondecomposition ofof colourlesscolourless substratesubstrate andand zonezone turnsturns colouredcoloured

hCGhCG highhigh contentcontent
complexcomplex [Ab[Ab11**--AgAg]] isis created,created, whichwhich diffusesdiffuses andand isis caughtcaught onon AbAb22

bb ⇒⇒ [Ab[Ab11**--AgAg]]--
AbAb22

bb;; enzymeenzyme catalysescatalyses decompositiondecomposition ofof colourlesscolourless substratesubstrate andand zonezone turnsturns colouredcolouredAbAb22 ;; enzymeenzyme catalysescatalyses decompositiondecomposition ofof colourlesscolourless substratesubstrate andand zonezone turnsturns colouredcoloured

hCGhCG lowlow contentcontent
nono complexcomplex,, labelledlabelled primaryprimary antibodyantibody isis caughtcaught inin controlcontrol zonezone byby thirdthird antibodyantibody ((AbAb33

bb))

AbAb22 ;; enzymeenzyme catalysescatalyses decompositiondecomposition ofof colourlesscolourless substratesubstrate andand zonezone turnsturns colouredcoloured

hCGhCG lowlow contentcontent
nono complexcomplex,, labelledlabelled primaryprimary antibodyantibody isis caughtcaught inin controlcontrol zonezone byby thirdthird antibodyantibody ((AbAb33

bb))pp ,, p yp y yy gg yy yy (( 33 ))
[Ab[Ab11**--AbAb33

bb]];; secondsecond zonezone alsoalso containscontains enzymeenzyme substratesubstrate –– colouredcoloured zonezone

substratessubstrates::

pp ,, p yp y yy gg yy yy (( 33 ))
[Ab[Ab11**--AbAb33

bb]];; secondsecond zonezone alsoalso containscontains enzymeenzyme substratesubstrate –– colouredcoloured zonezone

substratessubstrates::
:: forfor enzymeenzyme PODPOD –– TMBTMB (in(in acidicacidic medium)medium) :: blueblue colourcolour
:: forfor enzymeenzyme ALPALP –– phenolphthaleinphenolphthalein-- oror thymolphthaleinthymolphthalein phosphatephosphate (alkali(alkali medium)medium) ::
redred toto blueblue colourcolour

:: forfor enzymeenzyme PODPOD –– TMBTMB (in(in acidicacidic medium)medium) :: blueblue colourcolour
:: forfor enzymeenzyme ALPALP –– phenolphthaleinphenolphthalein-- oror thymolphthaleinthymolphthalein phosphatephosphate (alkali(alkali medium)medium) ::
redred toto blueblue colourcolour

quantificationquantification ofof hCGhCG byby ELISAELISA
sandwichsandwich techniquetechnique;; secondsecond AbAb isis aa conjugateconjugate withwith POD,POD, substratesubstrate ABTSABTS
quantificationquantification ofof hCGhCG byby ELISAELISA
sandwichsandwich techniquetechnique;; secondsecond AbAb isis aa conjugateconjugate withwith POD,POD, substratesubstrate ABTSABTS
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Mycobacterium tuberculosisMycobacterium tuberculosis

contentcontent:: MycobacteriumMycobacterium isis acidoacido--resistantresistant bacillus,bacillus, pathogenicpathogenic (tuberculosis)(tuberculosis) MM..

Mycobacterium tuberculosisMycobacterium tuberculosis

contentcontent:: MycobacteriumMycobacterium isis acidoacido--resistantresistant bacillus,bacillus, pathogenicpathogenic (tuberculosis)(tuberculosis) MM..yy ,, p gp g ( )( )
tuberculosistuberculosis andand MM.. bovisbovis,, atypicalatypical mycobacteriamycobacteria,, ee..gg.. MM.. KansasiKansasi andand MM.. avireniavireni andand
etiologicaletiological agentagent ofof leprosyleprosy MM.. lepraeleprae;; lessless thanthan 1010 bacillibacilli areare alreadyalready infectiousinfectious
determinationdetermination:: sputum,sputum, morningmorning sample,sample, caca 55 –– 1010 mlml 33 daysdays oneone afterafter one,one, sometimessometimes

yy ,, p gp g ( )( )
tuberculosistuberculosis andand MM.. bovisbovis,, atypicalatypical mycobacteriamycobacteria,, ee..gg.. MM.. KansasiKansasi andand MM.. avireniavireni andand
etiologicaletiological agentagent ofof leprosyleprosy MM.. lepraeleprae;; lessless thanthan 1010 bacillibacilli areare alreadyalready infectiousinfectious
determinationdetermination:: sputum,sputum, morningmorning sample,sample, caca 55 –– 1010 mlml 33 daysdays oneone afterafter one,one, sometimessometimesp ,p , gg p ,p , yy ,,
alsoalso liquor,liquor, purulence,purulence, biopsy,biopsy, urineurine;; notnot stainablestainable accordingaccording toto GramGram

cultivationcultivation proofproof
procedureprocedure:: decontaminationdecontamination (non(non specificspecific microfloramicroflora)) NaOHNaOH 11 MM inin presencepresence ofof

p ,p , gg p ,p , yy ,,
alsoalso liquor,liquor, purulence,purulence, biopsy,biopsy, urineurine;; notnot stainablestainable accordingaccording toto GramGram

cultivationcultivation proofproof
procedureprocedure:: decontaminationdecontamination (non(non specificspecific microfloramicroflora)) NaOHNaOH 11 MM inin presencepresence ofofprocedureprocedure:: decontaminationdecontamination (non(non--specificspecific microfloramicroflora)) NaOHNaOH 11 MM inin presencepresence ofof
laurylsulphatelaurylsulphate,, HClHCl neutralisationneutralisation;; mediummedium inoculationinoculation ((eggegg withwith salts,salts, asparagineasparagine,,
glycerine,glycerine, starkstark andand malachitemalachite greengreen;; oror fluidfluid containingcontaining glutamate,glutamate, LL--alaninealanine,, caseincasein
hydrolysatehydrolysate bovinebovine serumserum etcetc )) incubationincubation atat 3737 °°CC recordedrecorded afterafter 11 33 66 andand 99 weeksweeks

procedureprocedure:: decontaminationdecontamination (non(non--specificspecific microfloramicroflora)) NaOHNaOH 11 MM inin presencepresence ofof
laurylsulphatelaurylsulphate,, HClHCl neutralisationneutralisation;; mediummedium inoculationinoculation ((eggegg withwith salts,salts, asparagineasparagine,,
glycerine,glycerine, starkstark andand malachitemalachite greengreen;; oror fluidfluid containingcontaining glutamate,glutamate, LL--alaninealanine,, caseincasein
hydrolysatehydrolysate bovinebovine serumserum etcetc )) incubationincubation atat 3737 °°CC recordedrecorded afterafter 11 33 66 andand 99 weeksweekshydrolysatehydrolysate,, bovinebovine serumserum etcetc.. ),), incubationincubation atat 3737 C,C, recordedrecorded afterafter 11,, 33,, 66 andand 99 weeksweeks
(excluding(excluding contaminatedcontaminated media)media);; withinwithin positivepositive resultresult itit proceedsproceeds withwith detectiondetection ofof
caughtcaught strainsstrains andand startsstarts withwith sensitivitysensitivity testtest (resistance)(resistance) towardstowards drugsdrugs;; forfor
distinguishingdistinguishing MM tuberculosistuberculosis andand MM bovisbovis thethe abilityability toto produceproduce niacinniacin isis evaluatedevaluated byby

hydrolysatehydrolysate,, bovinebovine serumserum etcetc.. ),), incubationincubation atat 3737 C,C, recordedrecorded afterafter 11,, 33,, 66 andand 99 weeksweeks
(excluding(excluding contaminatedcontaminated media)media);; withinwithin positivepositive resultresult itit proceedsproceeds withwith detectiondetection ofof
caughtcaught strainsstrains andand startsstarts withwith sensitivitysensitivity testtest (resistance)(resistance) towardstowards drugsdrugs;; forfor
distinguishingdistinguishing MM tuberculosistuberculosis andand MM bovisbovis thethe abilityability toto produceproduce niacinniacin isis evaluatedevaluated bybydistinguishingdistinguishing MM.. tuberculosistuberculosis andand MM.. bovisbovis thethe abilityability toto produceproduce niacinniacin isis evaluated,evaluated, byby
reductionreduction ofof nitratesnitrates toto nitrites,nitrites, sensitivitysensitivity towardstowards thiophenethiophene--22--carboniccarbonic acidacid hydrazidehydrazide
(so(so calledcalled TCHTCH--test)test) andand hydrolysishydrolysis byby TweenTween 8080;; MM.. tuberculosistuberculosis has,has, inin contrastcontrast toto MM..
bovisbovis,, allall listedlisted teststests positivepositive

distinguishingdistinguishing MM.. tuberculosistuberculosis andand MM.. bovisbovis thethe abilityability toto produceproduce niacinniacin isis evaluated,evaluated, byby
reductionreduction ofof nitratesnitrates toto nitrites,nitrites, sensitivitysensitivity towardstowards thiophenethiophene--22--carboniccarbonic acidacid hydrazidehydrazide
(so(so calledcalled TCHTCH--test)test) andand hydrolysishydrolysis byby TweenTween 8080;; MM.. tuberculosistuberculosis has,has, inin contrastcontrast toto MM..
bovisbovis,, allall listedlisted teststests positivepositivebovisbovis,, allall listedlisted teststests positivepositive

PCR proofPCR proof

bovisbovis,, allall listedlisted teststests positivepositive

PCR proofPCR proof
HIV (AIDS)HIV (AIDS)HIV (AIDS)HIV (AIDS)
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contentcontent: : bbooddy fluids, virus of human immunodeficiency, retrovirus y fluids, virus of human immunodeficiency, retrovirus 
determinationdetermination: in serum, immunochemical approaches (ELISA): in serum, immunochemical approaches (ELISA)
contentcontent: : bbooddy fluids, virus of human immunodeficiency, retrovirus y fluids, virus of human immunodeficiency, retrovirus 
determinationdetermination: in serum, immunochemical approaches (ELISA): in serum, immunochemical approaches (ELISA)


