MASARYKOVA UNIVERZITA

Dvoudimenzionalni elektroforéza
Hana Konecna

CENTRALNIi LABORATOR - PROTEOMIKA
CEITEC — Stfedoevropsky technologicky institut
NCBR — Narodni centrum pro vyzkum biomolekul PfF

N @
[~ m&a EVROPAALNE " Tl e T o et ey %‘&n

INVESTICE DO ROZVOJE VZDELAVANI



MASARYKOVA UNIVERZITA www.muni.cz

proteinovy bottom-up gl proteinovy
vzorek vzorek
komplexni jednoduchy
2D GE
multiD-LC
: L x MS
proteinove Cipy ! MS/MS

SNES peptiq0 Bl smés peptidu
komplexni shotgun jednoducha

:

identifikace charakterizace
modifikace
kvantifikace



MASARYKOVA UNIVERZITA www.muni.cz

proteinovy bottom-up proteinovy
vzorek vzorek
komplexni jednoduchy
multiD-LC

proteinové Cipy MS/MS

smeés peptidu
jednoducha databaze

smeés peptidu
komplexni shotgun

identifikace charakterizace
modifikace
kvantifikace



MASARYKOVA UNIVERZITA www.muni.cz

Dvoudimenzionalni elektroforéza
2-DE
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Proteomicky experiment

extrakce fokusace  SDS-PAGE digest MS
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identifikace neznamy

protein
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HOMOGENIZACE
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PRIPRAVA VZORKU

solubilizace mocovina, thiomocCovina, detergenty

redukce DTT, TBP
inhibice proteaz, fosfataz, glykosylaz

odstraneni kontaminant

MERENI KONCENTRACE PROTEINU
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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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C7Bz0O
3-(4-Heptyl)phenyl-3-hydroxypropyl)dimethylammoniopropanesulfonate
CHAPS

3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate hydrate

3K — Fijgre 1. Structure of C7820.

Protein (mg)

CHAPS C7BzO
E.coli
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ZAKLADNI PRAVIDLA

» zabranit proteolyze

» jednoduchy postup

» cerstve reagencie

= cerstvy vzorek

= odstranit pevné castice - centrifugace
= odstranit kontaminanty
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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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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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FOKUSACE
® : = STRIP
H—— O ——@
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2-DE 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

o pfed elektroforezou

e specifické pro protein
e specifické pro PTM

e viditelné spektrum
e fluorescence
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Sypro Ruby Coomassie silver
1.4 ng 36 ng 0.6 ng

PTM specificka barveni
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2D or not 2D ?

= vizualni aspekty

= reprodukovatelnost

= dynamicky rozsah

= extrémni proteiny (membranoveé,basicke...)
= nesnadna automatizace

= postdigesCni extrakce



ocoooooooooonoo
OoOOoDOoODoDoOOooOooonoOoano
Ooooooooooooao

coososocoscno  MASARYKOVA UNIVERZITA WWw.muni.cz

OoOO0DOoODoDOoODODOOoDOoODOoOOoOanO
ooooooooooonoao

Different Platforms See Different Plasma Proteomes:

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

* |46|proteins in all
four lists

* |95 proteins in 2
or more lists

* [I175|NR proteins
total

From: The Human Plasma Proteome: A Non-Redundant List Developed by Combination of Four P P I ‘\‘J\-—/
Separate Sources, N. L. Anderson et al, Molec. Cell Prateomics, 3: 311-326 (2004).
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MULTIDIMENZIONALNI CHROMATOGRAFIE

PRO = velke objemy vzorku
* moznost koncentrace na kolone
* membranove proteiny, basické proteiny
* neni nutno barvit
* peptidy — primo na MS
= automatizace

» vizualni aspekty ztraceny: pla Mr
» LC - sériova analyza
= GE soucasné pro vice vzorku

PROTI
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Difference Gel Electrophoresis DIGE

Protern axtract Prestein estract 2 Prifein extract 3
Labwal wath Cy2 Lakwel with Ty3 Label with Cy5

L
M labeled extracts
1

$ Image gel

Inage anakrsic

Ly IMages

Irrage analysis

Data quantification
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BIOMARKERY

... jehly v kupce sena

prefrakcionace separace identifikace srovnani kontrola vs.vzorek

seno - proteiny bez vztahu k onemocneni
jehly - specifické proteiny pro onemocnéni
potencialni jehly obtizné validovatelné
které jehly dale zkoumat?

Casto PTM, neidentifikovany MS

hledani obtizné a neefektivni
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Biomarkery v lidské plasme

" . . Den 44 — po klinickém projevu
Den 21 — pred klinickym projevem P pro]
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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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IDENTIFIKACE

HMOTNOSTNI SPEKTROMETRIE

* lonizator, analyzator, detektor
* hmotnost/naboj

 MALDI generuje ionty z pevné faze
« ESI generuje ionty z kapalné faze
Peptide fingerprinting
- =P databaze

v

identifikace

Mass spectromeatar analysis
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KERATINY ! I'I Potlaceni ionizace

alpha-1-antiproteinase, antitrypsin Score 83
potvrzeno na MALDI-TOF/TOF MS Score 239
Neoznacene piky: keratiny nebo autolyza trypsinu

00000

00000

00000

00000
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GIGO
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GIGO

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

19G

*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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CPPL Combinatorial
Combinatorial Peptide Ligand Library C .H.Ex”ap ep.ﬁ doe
Native Human Serum Human Serum Fractionated by ProteoMiner
2-DE [pH4-7]

1-DE 2-DE [pH4-7]
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PREFRAKCIONACE PROTEOMINER

Apply sample Wash

Proteins
Ll ]

ProteoMiner ?.
beads __J8 -

&
L L ] ® & [ ] ] ®
® Flowthrough .ﬁ. & s 80 [y Wash
8 g ". .' e ®
e oF 4 ~ .
& [ ]

Elute

Eluate
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IEF pREFRAKCIONACE

« prefrakcionace v roztoku

MicroR otofor

 prefrakcionace v roztoku
na IPG stripu

s i

OffGeI.'I-'.réctionator
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OFFGEL |EF prefrakcionace proteinu nebo peptidu

= ; | | | | | | | | | | | | |
IPG gel strip
———

Cover seal
}
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IPG-IEF

r“ -
LD IO IR

ﬁi
g .

=
digest smési IEF smési peptidu |
proteinu * na IPG stripu frakce stripu

JOURMAL OF BIOMOLECULAR TECHMIQUES, VOLUME 16, 155UE 3, SEPFTEMBER 2005
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FASP Filter aided sample preparation

PROTEINS
@
Lysate v 8M Urea Ammonium Trypsin _
SDS DTT IAA bicarbonate protel_ns
i | incubation nucleic
. acids
spin spin spln spin
Iﬁl — — H—
SDS 8I\/I Urea PEPTIDES
DTT IAA N

N

Nature Methods 6, 359 - 362 (2009)
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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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CHROMATOGRAFIE

%262
000
OOOOO

00

OOOOO

A7




ocoooooooooonoo
OoOOoDOoODoDoOOooOooonoOoano
Ooooooooooooao

coososocoscno  MASARYKOVA UNIVERZITA WWw.muni.cz

OoOO0DOoODoDOoODODOOoDOoODOoOOoOanO
ooooooooooonoao

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