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GENOW : PROTEOM

PTM asi 200 typu (fosforylace, glykosylace, acylace, methylace...)
KONCENTRACNI ROZSAH asi deset fad(

|

NUTNA FRAKCIONACE PRED MS
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proteinovy gl proteinovy
vzorek vzorek
komplexni jednoduchy
2D GE
LC
: L x MS
proteinove Cipy ! MS/MS

SNES peptiq0 Bl smés peptidu
komplexni jednoducha

:

identifikace charakterizace
modifikace
kvantifikace
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|. Dvoudimenzionalni elektroforéza
2-DGE
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Proteomicky experiment

extrakce fokusace  SDS-PAGE digest MS
° (]
identifikace neznamy

protein
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HOMOGENIZACE

* mechanicky
 ultrazvukem

* tlakem

e Zzmrazenim / rozmrazenim
* detergentovou lyzi

Mammalian cell with mix /
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PRIPRAVA VZORKU

solubilizace mocovina, thiomocCovina, detergenty
redukce DTT, TBP
inhibice proteaz, fosfataz, glykosylaz

odstraneni kontaminant
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DETERGENTY
zadny celkovy naboj

0.5 - 4%
pouzitelnée ve vysokych koncentracich mocoviny

neionogenni
zwitterointove

SDS jen v nizkych koncentracich (do 0.25%)
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KONTAMINANTY

= soli, zbytky pufru

= malé endogenni molekuly
= jontové detergenty

= nukleove kyseliny

= polysacharidy

= lipidy

= fenolicke latky
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1. ROZMER IZOELEKTRICKA FOKUSACE

migrace nabitych castic v gradientu pH v elektrickem poli

Isoelectric point (pl)

pH 3 e 5 & T g8 a8 10

[ ances 1Y ' | Calhods
(+) ‘k )

nat charge (+2) (ay {-2)
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IZOELEKTRICKA FOKUSACE

 imobilizovany pH gradient

« amfolyty
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ROZMER STRIPU

ROZSAH STRIPU
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ROZSAH STRIPU
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EKVILIBRACE STRIPU

denaturace SDS o

redukce DTT @ alkylace IAA .
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2. ROZMER SDS-PAGE

migrace aniontu v elektrickém poli podle MW

Second Dimension: Separation by size
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2-DGE INSTRUMENTACE

= Protean IEF

= Protean Dodeca Cell

= Densitometer GS-800

= FLA-7000, STORM
PDQuest, Quantity One

Protean Plus Dodeca Cell Mini-Protean 3 Dodeca Cell Protean Il xi Cell
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DETEKCE PROTEINU
- gel x blot

. visualizace . barveni
- radioaktivita
- imunodetekce
- barveni v gelu e po elektroforéze

e pied elektroforézou

e specifické pro protein
e specifické pro PTM

e viditelné spektrum
e fluorescence
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BARVENI PROTEINU V GELU

Coomassie Blue R-250, Coomassie Blue G-250
Stribro: kompatibilni s MS
nekompatibilni s MS

Sypro Ruby, Flamingo Pink, Lucy, Deep Purple
Pro-Q Diamond, Pro-Q Emerald

Size

Stribro Coomassie Sypro Ruby
0.6 ng (8 ng) 36 ng 1-4ng
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BARVENI PROTEINU - LINEARITA

Sypro Ruby

BOOO
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&
=
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=
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Sypro Ruby
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2D or not 2D ?

« rozliseni

» vizualni aspekty

» multigelove jednotky

» dynamicky rozsah

« extrémni proteiny (membranove,basické...)
» reprodukovatelnost, image analyza

» citlivost barveni

= pracnost

» nesnadna automatizace

» postdigescni extrakce
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Difference Gel Electrophoresis DIGE

Protesny extract Protein extract 2 Progein extract 3
Lakwal with Cy2 Laksel with Ty 3 Label with Cy5

L]
[ labelad extracts

1
[ i ]

$ Image gel |

Irnage analysis

Diata quanitificaticn
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BIOMARKERY

... jehly v kupce sena

prefrakcionace separace identifikace srovnani kontrola vs.vzorek

« seno - proteiny bez vztahu k onemocnéni (pozadi)
jehly - specifické proteiny pro onemocnéni
potencialni jehly jsou obtizné validovatelné
nejsou pravidla, ktere jehly dale zkoumat

jehly ¢asto PTM, nejsou identifikovany MS

hledani biomarkert obtizné a neefektivni
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Biomarkery v lidské plasmé

Den 21 — pred klinickym projevem

SEPARACE - IDENTIFIKACE

Den 44 — po klinickém projevu
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} DIGESCE
trypsin  Glu-C  Asp-N  thermolysin

MAVEPFPRRPITRPHASIEVDTSGTGGSAGSSE
KVFCLIGQAEGGEPNTVYELRNYAQAKRLFR
SGELLDAIELAWGSNPNYTAGRILAMRIEDAK
PASAEIGGLKITSKIYGNVANNIQVGLEKNTLS
DSLRLRVIFQDDRFNEVYDNIGNIFTIKYKGEE
ANATFSVEHDEETQKASRLVLKVGDQEVKSY
DLTGGAYDYTNAIITDINQLPDFEAKLSPFGD
KNLESSKLDKIENANIKDKAVYVKAVFGDLE
KQTAYNGIVSFEQLNAEGEVPSNVEVEAGEES
ATVTATSPIKTIEPFELTKLKGGTNGEPPATWA
DKLDKFAHEGGYYIVPLSSKQSVHAEVASFV
KERSDAGEPMRAIVGGGFNESKEQLFGRQAS
LSNPRVSLVANSGTFVMDDGRKNHVPAYMV
AVALGGLASGLEIGESITFKPLRVSSLDQIYESI
DLDELNENGIISIEFVRNRTNTFFRIVDDVTTEN
DKSDPVKAEMAVGEANDFLVSELKVQLEDQF
IGTRTINTSASIIKDFIQSYLGRKKRDNEIQDFP
AEDVQVIVEGNEARISMTVYPIRSFKKISVSLV

YKQQTLQA

* IN-GEL
* IN-SOLUTION

—

MS
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KERATINY ! I'I Potlaceni ionizace

Neoznacené piky: keratiny nebo autolyza trypsinu

00000

00000

00000

00000
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GI1 GO

GARBAGE IN - GARBAGE OUT
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Il. PREFRAKCIONACE
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10'9 Really Is Wide Dynamic Range

F1LRR S ELESE LS

Slide courtesy Bruno Domon, ETH Zurich
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.

prefrakcionace deplece/obohaceni

\ -

'

digesce
in-gel
. separace

smés peptidU RP-HPLC nebo CE

MALDI-MS ESI-MS/MS

\

fragmentacni
spektrum

identifikace proteinu
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PP

[he Plasma Proteome |nstitute

Fibrinogen
Transferrin [7 IgA Total C4 Complement Complement Factor B
[ Alpha-2-Macroglobulin Ceruloplasmin
/— IgM Total
Alpha-1-Antitrypsin Factor H

/—CS Complement C1q Complement
C8 Complement

IgG Total Prealbumin

C8 Complement
~— Haptoglobin

Lipoprotein(a)

Alpha-1-acid Glycoprotein

Apolipoprotein A-1

Albumin Apolipoprotein B

0 - 90% 90 - 99%
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AFINITNI DEPLECE

odstranéni abundantnich proteint afinitni
chromatografii

HSA 119G

? ? ? interakce minoritnich proteind s abundantnimi ? ? ?

Before

*H5A and 16 Removal
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Lidska plazma - vazana frakce po afinitni depleci

ALBUMIN
I9G Barveni: CB G-250

| G A ] e

o ‘A‘ « ' 4

' : Y W s

Apolipoprotein
@®
©

albumin

Immunoglobulin kappa light chain Immunoglobulin light chain
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PREFRAKCIONACE Combinatorial
CPPL Combinatorial Peptide Ligand Library C .H.ex.ap:ep.ﬁd:e

Apply sample Wash Elute

Prateins
Ll ]
» a
.. 8

o o il =
= ProteoMiner i.
" beads : ;

[
a @ ® L] L] & .
® Flowthrough 2% @ [ Wash - % . Eluate
] e e : e 5
L | ’. el ® i @ |!| !‘
& “ & ° o {1
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PROTEOMINER
Native Human Serum Human Serum Fractionated by ProteoMiner
1-DE 2-DE [pH4-T] 1-DE 2-DE [pH4-T]
[ — vl . i | -= g m— _Fﬂ_ 1 L

—

l“h ' I'

oy,
- -

1 -

-4 - o spots | [N 2204 spots




wwWw.muni.cz

 prefrakcionace v roztoku

MicroR otofor

* prefrakcionace na IPG stripu

s :

OffGeI.'I-'.réctionator
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MICROROTOFOR
Anode Focusing chamber Catthe
' j | /\ Polyester screens
ﬂﬂﬂﬂﬂ },ﬂﬂfﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
l.\
ERRRE LA
Rotation during Cooling finger

operation
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j=i

PREFRAKCIONACE
MIKRO ROZSAHY s

B “ * 6.2-70 Fraction
3.0-4.6 Fraction .2-/.0 Fraction

Unfractionated . 7 5

4 > 5. . L
4.6°5.4 Frac 7.0-10.0 Fraction

% 200 kDa
55 kDa - \

21 kDa

Fi

=1 2.5 kDa
? 10 4 5.4 6.2 7

5.4-6.2 Fraction =

4.5 55
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GELOVA CHROMATOGRAFIE

0:0.: 0.0
O O O OOOOO
O O O %'OOO
O O O
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INSPIRATIVNI LITERATURA PRO MIRNE POKROCILE

Two-dimensional gel electrophoresis in proteomics:
A tutorial
Thierry Rabilloud et al. Journal of Proteomics 2011

Two-dimensional gel electrophoresis in proteomics:

past, present and future
Thierry Rabilloud et al. Journal of Proteomics 2010

Proteomic biomarker discovery:

It's more than just mass spectrometry
Josip Blonder et al. Electrophoresis 2011
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Ill. KAPALINOVA CHROMATOGRAFIE LC

MULTIDIMENZIONALNiI KAPALINOVA CHROMATOGRAFIE MDLC

SLOVNICEK
* hyphenated on-line LC-MS

* multidimensional LC-LC(-LC...)

« shotgun proteomics protein® digest> peptide> HPLC > MS
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bottom-up
* (pfilis) mnoho peptidu
* interference proteinu: stejna peptidova sekvence

« vétSina systému MDLC

top-down
* intaktni proteinovy iont

 |imit velikosti - asi do 50 kDa
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PROTEINY A PEPTIDY
PRINCIPY SEPARACE KAPALINOVOU CHROMATOGRAFIi

F

Gl i  packing partich
Yo ( b, acking particle

-l'.'.\
*.'.f’ Sl > ~.)'. Pore
1 o, r i |\ | .
Column LS "“»,‘—_:_:-i'r,‘—n——,'. S / Mobile phase
i | ¥ — -
— = —
\ S, -
| I"/ \.II -y l‘._ \\[} 4 ™
X B ) y
L J

/.
\_,-]lr-‘ Bonded phase L

Support matrix

. .
(N
| komplexnost
! "/

Retention time or volume —s=

abundance
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TYPY LC SEPARACE

CO ROZHODUJE » KOLONA
" naboj lonex
* hydrofobicita reverzni faze
» biospecificka afinita afinitni
= velikost molekuly gelova

... a kombinace
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IONEXOVA CHROMATOGRAFIE

Binding Elution

Cation Exchange

High
lonic
Strength

Low
lonic
Strength

Time or volume ———
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RP CHROMATOGRAFIE
reversed-phase chromatography

Binding Elution

High
ﬂ Solvent
ﬂ Strength

Low
Solvent
Strength

Time or volume —
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AFINITNI CHROMATOGRAFIE

Binding Elution

Spacer arm Ligand

Low pH,
n High Salt,

ﬂ Specific

Eluent
Wash
Buffer

Time or volume —
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IMAC

Immobilized Metal Affinity Chromatography

PHOS Select Iron Affinity gel

Resin Elution Selectivity - MALDI-MS

1o ] A
S /
urovy
40
PP
0
0 bbb o Hod
100
E) MPF PR
B0,
&0,
40, —
20, |||
o . Ih |I |,|L|_
100
g ° TR
T g0
i
£ &0
£ an -
B oa MPP
= o A o I. I.II i
100
ol TR
80,
&0,
. . MPP
Po aplikaci i =
20, J.
n : |
100
E} MPP
80,
&0,
40,
20,
o

Resin Enrichment - HPLC

4007 )
i, —
Kasein
Kasein tryptic digest

Surovy

Po aplikaci
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HPLC
FPLC

PERFUZNI LC

Hbohoom

B oo N

134long.bio - 20.0ul

Povos HQ
4 mt/auu.

100

0.154 100
Porog qu
lwd/mku
0.10
s
0.05
"% =ﬁr“jk‘iﬁsw

"Min
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Kolona muze vypadat razné . . .
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TopTip NuTip

1022801

Glygen

Zip Tip
Millipore
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RP-MS obvykle posledni krok pred MDLC-MS

 monolitické kolony

« vysSi tlak

« vySSi teplota

« optimalizace gradientu

« znaceni stabilnimi izotopy

optimalizace
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MULTIDIMENZIONALNI CHROMATOGRAFIE

kombinace odliSnych fyzikalnich a chemickych separacnich principu

e SCX/RP

e RP/RP

e HILIC/RP

e AC/MDLC fosfoproteiny a fosfopeptidy, glykoproteiny a glykopeptidy

= diskontinualni off-line
= kontinualni on-line 1. kolona — 2.kolona

= dvoufazova kolona

optimalizace parametru MDLC !
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B
Fractions from the first dimension are automatically injected in

P roteo m e La b P F 2 D the second, eliminatingrlfl_lé.need for manual transfer.

2

= chromatofokusace
= RP

Partial pI/UV map of colon cancer cell line before and after treatment Directed by the pH monitor, fraction
vin 2 3 4 1 2 3 4 1 23 4 . collection provides fractions according to pI.
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MULTIDIMENZIONALNI CHROMATOGRAFIE

PRO *® velké objemy vzorku

PROTI

moznost koncentrace na koloné
membranove proteiny, basické proteiny
neni nutno barvit

peptidy — pfimé napojeni na MS
automatizace

vizualni aspekty ztraceny: pla Mr
LC je sériova analyza
GE muZe bézet soucasné pro vice vzorku
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Different Platforms See Different Plasma Proteomes:

Small Overlap of Four Plasma Proteome Datasets
(Number of NR proteins)

DEMS * 46 proteins in all
e four lists
l;’f ' * |95 proteins in 2
\ or more lists
AN * 1175 NR proteins
-~ total
LCMS |

From: The Human Plasma Proteome: A Non-Redundant List Developed by Combination of Four PP I ™ 2 y
Separate Sources, N. L. Anderson et al, Molec. Cell Proteomics, 3: 31 1-326 (2004).
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Tato prezentace vznikla s podporou projektu OP VK
Rozvoj tymu pro vyuku, vyzkum a aplikace v oblasti funkéni genomiky a proteomiky
(CZ.1.07/2.3.00/09.0132)

For all the complex problems and difficult questions
there is always one simple, easily comprehensible
wrong answer.
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INVESTIGE DO ROZYOJE VZDELAVANI
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