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komplexni jednoduchy
2D GE
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Dvoudimenzionalni elektroforéza
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Proteomicky experiment

extrakce fokusace  SDS-PAGE digest MS
D3
=Y
O.
OOO
identifikace neznamy

protein
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HOMOGENIZACE

* mechanicky
 ultrazvukem

e tlakem

e ZMmrazenim / rozmrazenim
* detergentovou lyzi

Mammalian cell with mix
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PRIPRAVA VZORKU

solubilizace mocCovina, thiomocCovina, detergenty
redukce DTT, TBP
Inhibice proteaz, fosfataz, glykosylaz

odstraneni kontaminant

MERENIi KONCENTRACE PROTEINU
lyzacni pufr vs. hydratacni pufr
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DETERGENTY
zadny celkovy naboj

0.5 - 4%
pouzitelné ve vysokych koncentracich mocoviny

neionogenni
zwitterointove

SDS jen v nizkych koncentracich (do 0.25%)
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C7BzO
3-(4-Heptyl)phenyl-3-hydroxypropyl)dimethylammoniopropanesulfonate
CHAPS

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

Figyre 1. Structure of C78z0.

Protein (mg)

CHAPS C7BzO
E.coli
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ZAKLADNI PRAVIDLA

« zabranit proteolyze

» jednoduchy postup

« cerstve reagencie

« cerstvy vzorek

» odstranit pevne castice - centrifugace
= odstranit kontaminanty
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KONTAMINANTY

= soli, zbytky pufru

malé endogenni molekuly
lontové detergenty
nukleove kyseliny
polysacharidy

lipidy

fenolicke latky

www.muni.cz
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* prvni rozmer

e druhy rozmer

IEF

Isoelectric point (pl)
I
pH 3 4 5 6 : 7 8 9 10
2 :
I
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SDS-PAGE

Second Dimension: Separation by size
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1. ROZMER IZOELEKTRICKA FOKUSACE

migrace nabitych castic v gradientu pH v elektrickém poli

Isoelectric point (pl)

pH 3 4 5 6 7 8 9 10

|
i
I
|

| Anode = ' Cathode
+ \E 0

net charge (+2) (0) {-2)
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IZOELEKTRICKA FOKUSACE

 imobilizovany pH gradient

« amfolyty
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ROZSAH STRIPU A. Liﬂ?arpH4-7 ReadyStrip IPG strip [
ROZMER STRIPU

m

o,

-~

B. Nonlinear pH 3-10 ReadyStrip IPG strip
10

I
0 25 50 75 100
% Totsl IPG strip length

6-8

85.6.7

5.0-6.0

45455

4.0-5.0
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pH 7-10

pH 3-6 pH 5-8
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EKVILIBRACE STRIPU !

denaturace SDS e

4
.
.

%

redukce DTT @ alkylace IAA o
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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-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 Dblot

* visualizace -
—)
—)

* barveni v gelu

barveni
radioaktivita
Imunodetekce

e po elektroforéeze
o pied elektroforézou

e specificke pro protein
e specificke 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  Pro-Q Diamond Pro-Q Emerald
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BARVENI PROTEINU - LINEARITA

Integrated Intensity

Sypro Ruby

2000 -
1000 -

500 4

o

Linear range -
of silver stain -

0 100 200 300 400 500 600 700 BOOD S00 1000

Protein Amount (ng)
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biologicka variabilita technicka variabilita

stejny organismus za stejnych podminek stejny vzorek stejne

biologicke replikaty technicke replikaty
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2D or not 2D ?

= vizualni aspekty

= reprodukovatelnost

= dynamicky rozsah

= extremni proteiny (membranove,basicke...)
= nesnadna automatizace

= postdigescni extrakce
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Different Platforms See Different Plasma Proteomes:
Small Overlap of Four Plasma Proteome Datasets

(Number of NR proteins)

. [46

proteins in all

four lists

195 proteins in 2
\ or more lists

/,: * |I'175|NR proteins

Lit

From: The Human Plasma Proteome: A Non-Redundant List Developed by Combination of Four
Separate Sources, N. L. Anderson et al, Molec. Cell Proteomics, 3: 311-326 (2004).

total

PPl Da_~
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MULTIDIMENZIONALNI CHROMATOGRAFIE

PRO = velke objemy vzorku
* moznost koncentrace na kolone
* membranove proteiny, basicke 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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BIOMARKERY

... jehly v kupce sena

prefrakcionace = separace = identifikace = srovnani kontrola vs.vzorek

seno - proteiny bez vztahu k onemocnéni

jehly - specifické proteiny pro onemocnéni

potencialni jehly obtizné validovatelné - biologicka variabilita!
které jehly dale zkoumat?

Casto PTM, neidentifikovany MS
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Biomarkery v lidske plasme

. L _ Den 44 — po klinickem projevu
Den 21 — pred klinickym projevem
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 DIGESCE
trypsin  Glu-C  Asp-N  thermolysin

MAVEPFPRRPITRPHASIEVDTSGTGGSAGSSE
KVFCLIGQAEGGEPNTVYELRNYAQAKRLFRS
GELLDAIELAWGSNPNY TAGRILAMRIEDAKP
ASAEIGGLKITSKIYGNVANNIQVGLEKNTLSD
SLRLRVIFQDDRFNEVYDNIGNIFTIKYKGEEA
NATFSVEHDEETQKASRLVLKVGDQEVKSYD
LTGGAYDYTNAIITDINQLPDFEAKLSPFGDKN
LESSKLDKIENANIKDKAVYVKAVFGDLEKQT
AYNGIVSFEQLNAEGEVPSNVEVEAGEESATV
TATSPIKTIEPFELTKLKGGTNGEPPATWADKL
DKFAHEGGYYIVPLSSKQSVHAEVASFVKERS
DAGEPMRAIVGGGFNESKEQLFGRQASLSNPR
VSLVANSGTFVMDDGRKNHVPAY MVAVALGG
LASGLEIGESITFKPLRVSSLDQIYESIDLDELN
ENGIISIEFVRNRTNTFFRIVDDVTTFNDKSDPV
KAEMAVGEANDFLVSELKVQLEDQFIGTRTIN
TSASIIKDFIQSYLGRKKRDNEIQDFPAEDVQVI
VEGNEARISMTVYPIRSFKKISVSLVYKQQTLQ

A

* IN-GEL
* IN-SOLUTION

Analysis

—

MS
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GI GO

GARBAGE IN - GARBAGE OUT
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GENOM PROTEOM

l splicing ‘
alternatively
B B N oicec

l translation l
IZOFORMY *.’ t

PTM asi 200 typu (fosforylace, glykosylace, acylace, methylace...)

KONCENTRACGNiI ROZSAH asi deset fadd I

PREFRAKCIONACE — MS
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10'% Really Is Wide Dynamic Range

Slide courtesy Bruno Domon, ETH Zurich
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N
Abundantni proteiny v lidské plazme PP[ -

The Plasma Proteome Institute
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Fibrinogen
Transferrin ]7 IgA Total C4 Complement Complement Factor B
Alpha-2-Macroglobulin Ceruloplasmin
Alpha-1-Antitrypsin Factor H

/~03 Complement C1q Complement
C8 Complement

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 proteinu afinitni chromatografii
HSA

IgG

Before

*HSA and IgG Removal
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Lidska plazma - vazana frakce po afinitni depleci

ALBUMIN

lgG Barveni: CB G-250

| EuE 0

Apolipoprotein

albumin

_r‘.\

Immunoglobulin light chain

Immunoglobulin kappa light chain
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CPPL Combinatorial
Combinatorial Peptide Ligand Library C .H.ex.ap:Ep.ﬁdCE
Native Human Serum Human Serum Fractionated by ProteoMiner
1-DE 2-DE [pH4-7] 1-DE 2-DE [pH4-7]
w.
-—
|
_— 220?§pots
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PREFRAKCIONACE PROTEOMINER

Apply sample Wash Elute

<— ®

Proteins
Sy
» a
L .

“M ProteoMiner

. ¥ beads
“g‘ ) &
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a ® L L J .. -
Flowthrough o® @ ® Wash e @ . Eluate
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C: bind mixture E: washed beads with
+l to library bound species

b @ i
o e o

o — o“.

@ @
A ® v ) .
>é< ® ... B ... @ F: eluted retained
@

sample
B: ligand library

D: unbound proteins

¢ Washed away
a®®

&
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|IEF PREFRAKCIONACE

« prefrakcionace v roztoku

MicroRotofor

« prefrakcionace v roztoku
na IPG stripu

7 .

OffGel 'Fréionator
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OFFGEL

High voltage

Well frame
IPG gel strip
Cover seal
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IPG-IEF
!. - =
ﬁ —
= — -
} = § = §
- g ©
;——ic i : {
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=] &
digest smési IEF smési peptidu _
protein( of na IPG stripu frakce stripu

JTOURMAL OF BIOMOLECULAE TECHMICQUES, VOLUME 16, 155UE 3, SEFTEMEBER 2005
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FASP Filter aided sample preparation

PROTEINS
@
Lysate 8M Urea Ammonium Trypsin _
SDS DTT IAA bicarbonate protlel_ns
: : nucleic
! | J | | incubation e
spin spin spin spin
H — — — H—
b !
SDS 8M Urea PEPTIDES
DTT IAA
N
[]
ln

[
Nature Methods 6, 359 - 362 (2009) \/
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PREFRAKCIONACE

MIKRO ROZSAHY

3.0-4.6 Fraction

3 46 10 4

6.2
6.2-7.0 Fraction

7

Unfractionated . B

% 200 kDa
; 55 kDa p
| - | P
21 kDa
e
#| 2.5 kDa
10 4 54 6.2 7

5.4-6.2 Fraction

7.0-10.0 Fraction

10

www.muni.cz

4.5
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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

Basics and recent advances of two dimensional — polyacrylamide

gel electrophoresis
Sameh Magdeldin et al. Clinical Proteomics 2014
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For all the complex problems and difficult questions
there is always one simple, easily comprehensible
wWrong answer.

- O @
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INVESTICE DO ROZVOJE VZDELAVANI



