Luminiscence

aplikace v metodach
molekularni biologie,
Imunologie a biochemie




Luminometricke aplikace v biologii a
medicine

Hematologicka a imunologicka vysetreni
Hygienicky monitoring (mikrobiologicka
kontaminace)

Toxikologické testy

Molekularni biologie (reporterové geny)




Mnozstvi komercCnich testovacich souprav, ktere jsou
vyuzivany v klinické biochemii, imunologii, toxikologii,
virologii, endokrinologii

Diagnostika:

Thyroidni funkce, fertility, poskozeni myokardu,
anemie, koncentrace |I&Civ, monitorovani odbouravani

léCiv, rakoviny, infekCnich nemoci.




Rozdeleni luminiscencnich metod podle principu

1. ATP assays (sterility tests, proliferation, toxicity)

2. Luminescence-based imunoassays (WB and
ELISA)

3. Gene expression




Luminometrické metody zalozené na méreni ATP

Princip metody:
luciferaza

ATP + luciferin + O, U - oxyluciferin + AMP + PPi + CO,
-+

Touto metodou se stanovuje bud primo mnozstvi ATP ve
zkoumaném vzorku nebo aktivita enzymu nebo
substratu, které jsou sprazeny s tvorbou nebo spotrebou
ATP (napr. stanoveni [-podjednotky kreatin kinazy
pouzivané v diagnostice akutniho infarktu myokardu)




ATP Concentration Curve
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ATP Detection limits

ATP limit of detection 100 attomol/well.

Dedicated luminometer (i.e. Bio-Tek Clarity) is 10 attomol/well.




Vyuziti metod zalozenych na stanoveni ATP

Mereni ATP v bakterialnich, rostlinnych a zivocCisnych
bunkach

Pomoci CL metody za vyuziti luciferazy se stanovuje ATP,
které je obsazené ve vsech zivych bunkach. Mnozstvi ATP
linearne koreluje s poctem zivych bunek.

« stanoveni bunecneé proliferace a cytotoxicity (napr.
sledovani sensitivity bakterii k antibiotikum, sledovani
cytotoxicity protinadorovych |écCiv apod.)

 monitorovani hygieny pracovniho prostredi (napr.
potravinarstvi)

* mérfeni biomasy mikroorganismu ve vodnych roztocich
a fermentorech




Monitorovani hygieny pracovniho
prostredi a u€innosti Cisticich postupu

Vyhody oproti konvenénim mikrobiologickym postupum:
Rychlost a jednoduchost, vysoka sensitivita a presnost,

stanoveni celkové biologické kontaminace (ta muze
pochazet z rezidui vyrobku, z kontaktu s lidskou

pokozZkou nebo z mikroorganismu).




Monitorovani hygieny pracovniho prostredi a ucinnosti
Cisticich postupu CL stanovenim ATP — stér z pracovni
plochy

*




Méreni biomasy mikroorganismu ve vodnych
roztocich

Material
* vodne roztoky

Indikace

« mikrobialni znecistéeni pitnych a uzitkovych
vod

* mikrobialni znecisteni potravinarskych
vyrobku




Méreni mnozstvi mikroorganismu ve vodnych roztocich




Stanoveni proliferace eukariotickych
bunek

Stanoveni na zaklade mereni obsahu ATP ve vzorku.
Rychla a sensitivni alternativa k metodam vyuzivajicim
radioktivné znacené prekursory tvorby DNA (napf. 3H-
tymidin). Uvadena sensitivita radove 100 bunek.




ApoSENSORTM ADP/ATP Ratio Assay Kit

Biovision

Kit utilizes CL detection of the ADP and ATP levels for a rapid
screening of apoptosis, necrosis, growth arrest, and cell proliferation
simultaneously in mammalian cells.

Increased levels of ATP and decreased levels of ADP have been
recognized in proliferating cells. In contrast, decreased levels of ATP
and increased levels of ADP are recognized in apoptotic cells which
further much more pronounced in necrosis than apoptosis.

ADP level is measured by its conversion by ADP Converting Enzyme
to ATP that is subsequently detected using the same reaction.

Interpretation of Results:

Cell Fate ADP Level ATF Level ADPIATP
Proliferaton Wery Low High Very Low
Growth Arrest Low Slightly 'ncreased Low
Apoptosis High Low High
MNecross Much Higher Very Low Much Higher




Imunodiagnostika

ELISA, Western
blotting, Arrays

« Secondary Ab
labeled with AP or
HRP

e Substrate for
Conjugate
produces
luminescence

Immunoassay Schemes Employing
an Alkaline Phosphatase Label
for Detection with CSPD® Substrate

Alkaing Phosphatase

e Laksled Antibedy
Artigen, ; & = o Direct capture of antigen
S by bound antibody and
detaction of antigen by
T ambody AP labeled antibody
Sanchwich Immunoassay
Akaira Phosphatesa
— Labaled finthiody Direct capture of monoclonal
ij’:‘ & = ﬁ antibody by bound antigen
Artigan A g and detection of monoclonal
“““‘--L_i j é i . antibody by AP labeled antibody
Meonoclonal Screening CaspDe
-+-
Light
Antigen Competition between bound

antigen and solution artigen
for AP labaled antibody

e Cormpetition betweoen AP
-usnh. 1 i E E : : i labaled antigen and unlabalad
- antigen for bound antibody
T Bribacy

Competitive Assay




Znaceni krenovou peroxidasou - substraty

1. Detekce zalozena na luminolu (a pribuznych
uminoforech)

_uminol a jeho analogy jsou ko-substratem pro
HRP. V pritomnosti oxidantu se luminol oxiduje
napr. peroxidem vodiku. Intensita a trvani CL
signalu jsou umerné aktivite HRP. V kitech jsou
pouzivany enhancery CL (napr. luciferin) a naopak
latky potlacujici pozadi.

2. Detekce zalozena na akridanovych esterech
Akridanove estery emituji v pritomnosti HRP a
peroxidu vodiku intenzivni glow reakci.




Znaceni alkalickou fosfatasou - substraty

1 Dioxetany
Stabilizované adamantyl 1,2-dioxetanové substraty pro alkalickou fosfatasu

(napt. AMPPD, CSPD® nebo CDP®-Star) predstavuji jednoduchou a rychle reagujici assay

pro alkalickou fosfatasu. Detekéni limit - 1 zmoll (= 603 molekul enzymu)
0—o Akaline . %
OCH,4 Phosphatase OCH,4 o O__/OCH3
+ \©
0)
o—F|>— o | o _|
AMPD
Metastable
AMPPD Intermediate {
(stable) (T1/, 2-30 min)
| | LIGHT
2 Akridan-enol fosfaty

Detekéni limit - 305 zmoli enzymu




Znaceni glukoso oxidasou

Vyuziva glokoso oxidasu jako enzymovou
znacku. Enzym produkuje peroxid vodiku. Jeho
tvorba je analyzovana systemem isoluminol-
peroxidasa.




Western-blotting

Vyblokovani nespecifickych
vazebnych mist
Inkubace s primarni protilatkou

proti nami sledovanému
proteinu

Inkubace se sekundarni
protilatkou znacenou kfenovou
peroxidazou (HRP)




Vizualizace WB pomoci CL

» Substraty od ruznych firem liSici se citlivosti
 fotograficky film pripadné ultrasenzitivni kamery

Priklad:

no LPS LPS (0,1ug/mL)
0 0 10 25 50 100 QUE (uM)

B-actin




Gene and protein arrays

TranSignal™ Transcription Reporter Array

Iypical results ° TranSignaITM Transcription Reporter Array
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Reporter gene assay

Princip spocCiva ve vyuziti kddujici sekvence luciferazy
jako reporterového genu pro monitorovani aktivity
promotoru v kontrole genové exprese.

Konstrukt DNA obsahujici kddovaci oblast pro luciferazu
kombinovanou se sekvenci s testovanou schopnosti
genove regulace se vnese do studovanych bunek. Po
inkubaci se meri vysledek exprese daného
reporterového genu jako ukazatel ucinnosti testovanéeho
promotoru.
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Reporter systems to study how signaling
pathways regulate transcription

>

—1 Response Element

TATA

Reporter Gene

AP-1
CRE
SRE
SRF
P53
NFkB

Luciferase

GFP
B-Galactosidase
CAT

SEAP




Metody transfekce
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Luciferase reporter systems to study how
signhaling pathways regulate transcription

Extracellular Stimuli
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Reporter systems

Firefly Luciferase

Monomeric enzyme of 61kDa catalyzes a two-step oxidation
reaction to yield light, usually in the green to yellow region. The
gene encoding firefly luciferase (luc) is a monomer that does not
require any post-translational modifications; it is available as a
mature enzyme directly upon translation from its mMRNA.

Renilla Luciferase

Monomeric enzyme 36kDa that catalyzes the oxidation of
coelenterazine to yield coelenteramide and blue light.

Click Beetle Luciferase

Click beetle and firefly luciferase belong to the same beetle
luciferase family. What makes the click beetle unique is the
variety of luminescence colors they emit. Complementary DNAs
cloned from the ventral light organ encode four luciferases
capable of emitting luminescence ranging from green to orange
(544-593nm) such as a red luciferase (611nm) and two green
luciferases (544nm each).




Single & Dual reporter assay

Single-Reporter Assays

Assays based on a single reporter provide the quickest and least
expensive means for acquiring gene expression data from
cells.

Dual-reporter assay

The most commonly used dual-reporter assay is based on
combining the chemistries for firefly and Renilla luciferases.

These luciferases use different substrates and thus can be
differentiated by their enzymatic specificities. The method
comprises adding two reagents to each sample, with a
measurement of luminescence following each addition. Addition
of the first reagent activates the firefly luciferase reaction;
addition of the second reagent extinguishes firefly luciferase
and initiates the Renilla luciferase reaction.

Dual-reporter and dual-color assays allow the user either to
measure expression of two different reporter genes or one
reporter gene and cell viabllity. In all cases, the assays allow
both measurements to be made sequentially from each sample.




Dual reporter assay
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Beneflts of a dual assay

reducing variability that can obscure
meaningful correlations

normalizing interfering phenomena that may
be inherent in the experimental system

normalizing differences in transfection
efficiencies between samples.
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Glow Luminescent Firefly
Luciferase Signal

Luminescence

Firefly Luciferase Concentration Curve
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Glow Luminescent Renilla
Luciferase Signal

Luminescence

Renilla Concentration Curve
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Firefly and Renilla Signal
independence

Luminescence
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Detection of reporter in live cells

Secreted human placental alkaline phosphatase activity (SEAP)

The SEAP gene product is secreted from transfected cells and is thus easily
detected in a sample of culture medium, without destroying cells and
without time-consuming sample preparation.

Metfridia longa secreted luciferase

Metridia longa secreted luciferase was cloned from the marine copepod
Metridia longa, encodes a 24 kDa protein. This secreted luciferase gene
was sequence-optimized by deleting possible cis-acting sites (splice
sites) and increasing the overall GC content to prolong mRNA half-life.
The sequence was also human codon-optimized.

Live Cell Substrates for luciferases

Recently, nondestructive live cell substrates were developed, which allow
monitoring of Renilla luciferase without cell lysis. Renilla luciferase
requires only oxygen and coelenterazine to generate luminescence,
providing a simple luciferase system with which to measure luminescence
from living cells. Unfortunately, coelenterazine is unstable in
aqueoussolutions and so it has been difficult and inconvenient to
measure Renilla luciferase.




Detection of non-CL reporters by CL

CL B-Gal Reporter Gene Assay

Detection of 3-galactosidase enzymatic activity in transfected cells or
in tissues isolated from transgenic animals

B-Galactosidase activity is released into the assay medium by gentle
cell lysis (step 1). The substrate Galacton Plus is protonated and
accumulates as a stable intermediate without emitting light (step 2).
Raising the pH to > 12 deprotonates the intermediate, which
decomposes and emits light. Light emission is measured in a
luminometer (step 3).

3

@ [i-Galactosidase A activated intermediate




Secreted human placental alkaline
phosphatase activity (SEAP) detection

The new fluorescent The original chemiluminescent
Great EscAPe SEAP Assay Great EscAPe SEAP Assay

SEAP reporter is secreted
into the medium
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Luminescence Assay Systems
Simpler. Brighter. Smarter.
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Bioluminescence resonance energy
transfer (BRET)

For monitoring protein-protein interactions, where a fusion
protein is made using the bioluminescent Renilla
luciferase and another protein fused with a fluorescent
molecule. Interaction of the two fusion proteins results in
energy transfer from the bioluminescent molecule to the
fluorescent molecule, with a concomitant change from

blue light to green light.




Dalsi vyuziti CL

Uvnitt svitici tyCinky je zatavena sklenéna ampule s
peroxidem vodiku.

Ten plisobi jako oxidant v reakci emitujici svétlo. Béhem
reakce dochazi k nasledujicim pochodim:

1. Oxidace oxalatoveho esteru peroxidem vodiku
2. Dekompozice dioxetan-dionoveho meziproduktu
3. Relaxace fluorescencni barvicky

Reakce je spusSténa rozbitim sklenéné ampule




1,2-dioxetane-3,4-dione je molekula s vysokou energii
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Reaguje s barvickou uvniti ty€inky (vétSinou je to difenyl anthracen) a barvicka je
excitovana. Pi1 navratu do zakladniho stavu jsou emitovany fotony.

1 il
N 7
B PN
O—10
b
7 0=C=—0 S~ DiE .»/
The irterme diate The fluorescer iz excited, light
decomposes into taro iz given off as the excited state

carbon dicxide molecules returns to the ground state

£1898 Molecular Luminescence Group, Deakin University




Dalsi vyuziti CL
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Shrnuti na prikladu

PRODUCT SELECTION GUIDE

Select your type of application

BioThema

Zell counting,
biomass assays,
cytotoxicity
and cell proliferation

Enzymes and metabolites
e.g. kinases,
mitochondrial

ATF production

Luciferase reporier
JENS a55ays

Immunoassays
uzing luciferass or
ATF producing enzymes
as label

Hygiene conirol
of surfaces or iquids

o to chart 1 |

| o to chart 2

Go to chart 3

Chart 1

Cell counting, biomass assays
and cytotoeiciy/cell prolifzration

5o to chart 4

Microbial cells
e.g. bactena

244441
ATP Hygiene Kit HS

Mammalian cells
e.g. cell culturs

Samples
with mammalian cells and
with extracelivlar &TP

Samples
without mammalian cells and
with extracellular ATF

Samples
without mammatan cells and
without extracellular ATP

Low or moderate
cell densities ar
luminometers with

reagent dispensers

High cell densites ar
high ATFase levels and
uminaomeiers without

reagent dispensers

268-112
Microbial ATP Kit HS

268-111
Intracelular ATP Kit HS

266-311
ATF Biomass Ki

155-050
Celular ATF Kit HTS

1BB-241
Cell Viability K 5L




Chari 2
Enzymesz and metabaoliies,

g.g. kinases,
mitochondrial ATF production

Reaction is possible to couple fo Mo obvious reaction that can be coupled
ATP formation or degradation, o ATP formation or degradation
&.7. kinazez and their substraies or
mitochondral ATP production

144-041 Consult BioThema
ATP Kit 5L for suggesiions

Chart 3
Luciferase reporier gene assays

=100 in vitro assays per day =100 in vitro assays per day in wivo assays of luciferase
]
] ]
Luminometer with Luminometer Luminomster CCD camera
or without dizpsnzer without dispenser with dispenszer
484-001 484-102 484103 BT11
Luciferase Aszsay Kit Luciferaze Assay Kit HTS | |Luciferase Azsay Kit HTS D-luciferin
Chart 4
Immunoassay
I
I I
Biotinylated luciferase coupled ATP producing enzyme coupled
to an antibody via streptavidin to an antibody
£84-001 144-041
Luciferase Assay Kit ATP Kit 5L
SBLA-001 .
Streptavidin-biotinylated luciferase BioThema




