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Studium procesu probihajicich v
Zivych organismech
,OMICKE" POLE

, Genom/
Genomika
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Biological System Analys is
And Model Formation
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Data and Hypothesis _ . Experimental
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Data

~ ) Data Acquisition /
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Systems Biology
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Dulezité pojmy

METABOLISMUS - latkova premeéna

+ soubor vsech enzymovych reakci, pri nichz dochazi k
preménétatek‘a energii v bunkach a v zivych
organismech

¢ Primarni
anabolismus ~ reakce spojené s biosyntézou
katabolismus — reakce spojené s degradaci

+ Sekundarni
mohou zvySovat schopnost rlstu, reprodukce nebo rozéifeni
v urcitém prostredi
mohou zvysSovat‘nadéji na preziti, poskytnout ochranu proti
2 (o] V4 o]
kompetitorum nebo predatorum.



Dulezité pojmy

METABOLOMIKA

+ vedni disciplina zameérena na studium metabolomu

kompletni identifikace a kvantifikace véech metabolitd v
daném organismu nebo v burice za daného metabolického
stavu.

Rychlé zastaveni metabolismu
priprava vzorku nesmi vyloucit zadné metabolity

vysoka ucinnost a senzitivita analytickych technik



Dulezité pojmy

METABOLOM

+ kompletni soubor metabolith v bufice ¢ biologickém systému
v. daném cCase (Fiehn, 2002)

METABOLIT

+ nizkomolekularni an—'ci organicka sloucenina (< 1000 Da),
+ produkt latkové premeny

Chemicka tfida Typické pfiklady
Arminokyseliny, aminy... L-glutaméat, L-aspartat
Karboxylové kyseliny Kys. Pyrohroznova

Alkoholy Glycerol

Aldehydy Acetaldehyd, formaldehyd
Fosfatové estery, nukleotidy D-glukosa-1-fosfat, ATP, ADP
Sacharidy D-glukosa, D-fruktosa

Lipidy, steroidy a mastné kyseliny Cholesterol

Vitariny a koenzymy NAD*, NADH

Anorganické ionty Fosfaty, nitraty
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Strategie pro vyzkum
metabolomiky

FINGERPRINTING

komplexni analyza4ntracejularnich metabolitli bez nutnosti
kvantifikace a/identifikace

= screening: klasifikace’vzorku na zakladé jeho plvodu a zdroje

FOOTPRINTING

komplexni analyza extracelularnich metabolitdi bez nutnosti
kvantifikace a identifikace

— screening: klasifikace vzorku na zakladé jeho plvodu a zdroje



Strategie pro vyzkum
metabolomiky

PROFILOVANI METABOLITU
(metabolite profiling)

analyza daného souboru/metabolitl, napf. souboru AMK,
organickych/sloucenin
casto semikvantitativni analyza

CILENA ANALYZA METABOLITU

(metabolite target analysis)

kvalitativni i kvantitativni analyza vybranych metabolitu
souvisejici se specifickou metabolickou reakci

pouzivana zejmena kdyz jsou‘pozadovany nizké limity
detekce



Strategie pro vyzkum
metabolomiky

METABONOMIKA (metabonomics)

komplexni metabolické studie zejména v toxikologii a
farmakologii

ohodnoceni tkani-a biolologickych tekutin na zakladé
zmén endogennich’metabolitl (vysledek nemoci nebo
terapeutického 1€ceni)

bez potreby specificke identifikace



ProcC se zabyvat
metabolomikou?

(Escherichia coli K12)

Genom
(4392 genu)

|

; Proteom

Y (4464 proteinu)
(/)

< Metabolom
AN \A(796 metabolitt)
<

<

Pocet metabolitl v buiice mize
byt az radoveé nIZSI nez pocet
genl a proteind.

=~ N s

Metabolom — nejnizsi linie
?enove exprese - primo odrazi
nkcni Groven bunky.

Zmeény metabolitti v burice
nejsou regulovany pouze
genovou expresi, ale i vlivy
zivotniho prostredl

Kvantifikace metabolitti nabizi
primy pristup ke zkoumani
vnitrni kinetiky metabolismu (in
vivo Kinetics).

Metabolomickeé experimenty
vyZaduji 2x — 3x méné casu ve
srovnani s proteomickymi a
transkriptomickymi experimenty.



Pocet metabolitli

Strukturni, fyzikalné chemicka diverzita
Koncentracni diverzita

Promeénnost a stabilita



Nevyhoda oproti jinym omickym
pristupum

Obtizné technologie — obtizné meéreni, dostupnost
dat!!

Genom PCR a RT-PCR,
' DNA Microarrays,
I Gene Chips
Proteom 2D-PAGE MALDI-TOF,

| 2P-LC, ~
| LC-MS -
{ T

Metabolom



Aplikace vyzkumu metabolomu

Sledovani fyziologickeho stavu bunky
+ adaptace na prostredi,
¢ odhad- toxicity xenobiotika, vyvoj novych léCiv
« pritomnost'metabolickych biomarkerl
+ stanoveni‘diagnézy'a odhad stupné nemoci
» prubéh terapie
o zvySeni vytézkl fermentace, ...

Charakterizace bunky — savci, rostlinné, mikrobialni,
GMO, ...

Ohodnoceni kvality urody nekterych rostlin



Pfiprava vzorku

Vyznamneé ovliviuje presnost, spravnost a
reprodukovatelnost vysledkt

Zavislost na typu bunécnych struktur a

extrahovanych metabolitl

Zhaseni
bunécného
metabolismu
* rychla zména teploty
* rychla zména pH

|

Extrakce
metabolitu
z bunky

Zakoncentrovani

vzorku
» vakuové odparovani
slyofilizace

Separace

metabolitu
z biomasy

VZOREK
 analyza
 uskladnéni

VZOREK
 analyza
 uskladnéni




Analytické metody

Bunka

!

Bunécény extrakt

Biologicke tekutiny

Cisténa frakce Frakce metaboli

metabolitu / \

l l Derivatizace \
Derivatizace
0 O

J

Y

Fingerprinting
etabonomic

\C

Profilovani metabolitu,
metabolomika

Cilena analyza metabolitt
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Nukleamimagneticka
iezenRance (INIVIR)



SPEKIOMENE

VZOREK

AE=E.—E,=h.v

—— E¢ A

)

£ WS Bie

;EZ

DETEKTOR
SPEKTRUM

elektro-magneticke
zareni

E — energie zareni E, — energie vzorku v zakladnim stavu
h — Plankova konstanta

v — frekvence zareni E: — energie vzorku v excitovaném stavu

Spektroskopie zareni typ excitace

Mésbauerova y-zareni atomova jadra

elektronova (UV-VIS) viditelné a ultrafialové elektrony

NMR radiové a televizni viny orientace jadernych spinu




PeGStata

s zalozena "ha  sledovani' edezvy, Jjader s
penuiovym magneticky/m moementem
Umisteny.eh™ v silnem: magnetickem: polit a
jejichr interakel st Vysokefirekvencnim
elektromagnetickyim ViRenim:



PeGStata

s Je detekovana absorpee radiofiekvencnihe
zarenit (RER) jadry: atomul v molekule —
RERYSOUISChopRY aldsokeVat PeUZE | atiky

S Aenuleovym: sSpinoVvym: KVantovym: cisliem
I

- atomy. s lichyim hmotevym cislem:
(1 H , 13C ’ 15N, 31|:))
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BlokeVe schema

schema NMR spektrometru

civka
piijimace

civka pridavné
magnetizace

magnet

zlkumavka se
vzorkem

civka pridavné
magnetizace

=== —-—-
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7; magnet

zesilovaé
pocitac
Zaznamove zalizeni
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Bruker400rMiHzZ
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| il 1
pocitac ?
|

elektronika

supra-
vodivy
magnet




Bruker400 \VHz

sila magnetickeho pole
9.4 Tesla (94,000 gauss)

400 MHz je pouzita
frekvence pro detekci
protond v tomto poli




NMRSSREKUM

Po zpracovani Founerovou transformaci dostaneme:
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HmetReStRITSPREKGMELHE

MS - mimeradne: citlival metoeda,
--destrukti/ni meteda,
- minimalni’spotreba Vzorku,
- urceni MWW a dalsich
Strukturnichr infermaci.



PeGStata

s analytickar metoda sletZicl ik
prevedeniimolektlsnationty,

» rozlisenit téchtor iontul podle pomeru
Amoetnostl a nakoje . (m/z)

¢ Zaznam relativnich intenzt
. y 7 : ©)
jednotlivychriontu



BlokeVe schema

GC, SFC, LC, CE |«

l ¥ ¥

lontovy zdroj 2?;;1‘;2:‘ Detektor

Prostor vysokého vakua

Cerpaci _
systém







jenIZacnIttechRIKY

¢ IVrde ionizaecni tEChnIKY,
- El

s JEmneionizacniitechniky
- ESI
- MALDI



Electenimpact (El)

M+e — M+ 2e

analyzdtorovd
trubice
vytdsnovac|
elektroda

vstup molekul vzork
kolmo na prumétnu

katoda

l fokusadn{ elementy

vakuum




Elecirespray (ES])

zdroj vysokeho napeti



Viatxe ASSIStEaNtasern
PeserptienrlenisaueR (IVIALDI)

MALDI

@ektronov{;
N, laser (375 nm) asobic

n
Er-YAG laser (2,94 um)
0.0
00008 0 ° 0

Tercik se vzorkem rozptylenym
v matrici
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lontova past

Detektor
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Letova trubice

15-25 kV

Detekter




Analyzaier ey lett (11OF)
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VISH

Kolizni energie
MS/MS iontu A

5
2) Izolace 3) Fragmentace k2

A

Kolizni energie 4) Izolace

*

5) Fragmentace

MS?* A=F1
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Third Edition

Introduction to

Modern Liquid
Chromatography

Lloyd R. Snyder
Joseph |, Kirkland
John W. Dolan

WILEY

.

 Practical
High-Performance Liquid
Chromatography

- VeronikaR. Meyer

PRACTICAL
I HPEC ME THOQOD
DEVELOPMENT
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Kapalineyva chemalograiie
LC

s Mohiini faze = Kapalina

¢ Stacionarni faze- PEeVRa
faze, kapalina
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UV =V/IS Getekiol
Sipremenliveu vineveurdelkou

reference

duterium heam photo diode

lamp Elliﬂ'Erl

mimor

\

comparator

gratir& sample

cell
photo diode

amplifier
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Analyzar kvalitednvimi

7 '/ v 7 \V 0) 4 o)
s SFOVAaRIf FEtERCRICh casupIkurt
)
V20U 2l Standardu

¢ . .Spiking:’— pridani standardu’ de
\/ZOKU —> | narust vysky piko

s MS



Analyzar KVaRtitauvil

Y
Plecha (VA/ska)! piku

s Metoda externine
Standarau

¢+ Metoda standardnine
pridavku



EC analyiza




RPIyAeya Chremategraiie

o Mobilni faze = 0\

¢ Stacionarni faze = PEVRA
faze, kapalina




SCHEMa PIVAGVERD
chremategraii
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(Carrier gas
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NGSRE pIyAY

Plyn Vyhody Nevyhody
N, levny, nizka tepelna
bezpecéna prace vodivost
H, vysoka tepelna explosivni
vodivost
He Inertni drahy
Ar Inertni drahy




Rripravavzerku prer GE

s Plyny, kapaliny, ~ pHMo

¢ Pevne latky = PO derivatizacl






Kapllamitkelena

. Polyimide coating

=Chemically bonded stationary phase




Ellice

(b]
(a)

a - initial temperature and fime
b - ramp (°C/min)
¢ - final hold time and temperature
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Plamenoeve ionizachitdetekior
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Reiner Westermaeier HUKILEY-VCH

Electrophoresis
in Practice

Fourth, revised and enlarged edition
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Gel Electrophoresis
of Proteins

THIND EITION

Edited by
B [ HAMES
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Electrophoresis

Theory, Techniques, and
Biochemical and Clinical
Applications




Fredenc Relss

(@8or)
Kaleieréeza



PeGStata

oy elektricky nanitych
Castic V. elektHckeEniNpoli:



Elekiremigracniimetody.

¢ Elektroforeza
¢ lzoelektricka fokusace

¢ lzotachoforeza
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CLIN. CHEM. 27/9, 1551-1553 (1981)

Free-Zone Electrophoresis in Glass Capillaries
James W. Jorgenson and Krynn DeArman Lukacs

A simple theory of zone electrophoresis in open-tubular
capillaries is developed. According to this theory, to
achieve the highest resolution of zones, tubes with as small
an inside diameter as possible should be used in combi-
nation with as high an applied voltage as feasible. To test
this approach, we performed electrophoresis in glass
capillaries with an internal diameter of 76 um and a length
of 100 cm. A special fluorescence detector was used to
detect fluorescent zones while they migrated inside the
capillary. With the application of 30 kV potentials to this
system, rapid and efficient separations of amino acids,
peptides, and urinary amines were demonstrated. In all
cases fluorescent derivatives were necessary for detec-
tion. Preliminary results are encouraging, and with further
development of sensitive detection devices, applications
in clinical analyses may be feasible.

small diameter simultaneously facilitates heat transfer as well
as stabilizes the medium. Regardless of the diameter, some
radial temperature gradient will persist. However, this tem-
perature gradient is undesirable only to the extent that a
significant fraction of the solute molecules making up a zone
spend longer than average times migrating within “cool” or
“hot” regions of the tube radius. Here a more subtle effect of
reduced tube diameters comes into play. If the diameter is
small enough that solute molecules diffuse back and forth
across the tube many times during their migration, then the
probability that a significant fraction of molecules will spend
excessive amounts of time in any one portion of the tube ra-
dius is greatly reduced. Thus the solute molecules have an
excellent chance of traveling throughout all portions of the
tube radius, and any variations in migration velocity will tend
to average out.

To summarize, the possible advantages of performing zone
electrophoresis in open tubes of small diameter are:

geEnson Lukacseva

| 15
Time (minutes)
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VA7hedy CE

s Aplikachiidiverzita

¢ Jednoducha instrumentace

s VVsoke rozisenira UCINNOSt SEpahatl
s Mala spotreba vzl

o RV/chlostianalyzy,
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RPrRCIp MEKE

Micela

a — stfed — rozpustna v obou
b — silné hydrofilni — nerozpustna v
micele
¢ — silné hydrofébni — nerozpustna
ve
vodné fazi



Micelamirelekirekineticka
chiremategralie
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PC control DEtECWA

Power supply
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Kapilara

¢ Kremenna - 25 100

Hmi.d
=850 pm
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delka

¢ polyimidove vnhejsi
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SpPekieiotomEenicka detekece

- | = £
UV light source where
£ = molar absorptivit
¢ = concentration
[ = pathlength
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QuUe Vadis Glatze=2

VVUZENCENAMETEIIGIOMICE = DICIARKER
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residual O A8

HSA

Uptake Production

Lactate
Glucose )
Ammonium
Pyruvate Amino acids
Amino acids Enzymes, e.g. LDH
sHLA-G
HOXA10 regulator

PAF
Ubiquitin

Other sugars

Oxygen

Drop (1-10 pl) of defined

culture medium
Novel peptides

and proteins

ﬂ:ram I II I|
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Asparagine Glutamine

338888%

Aspartic acid
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