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. SEPARATION

Two-dimensonal electrophoresis 2-DE
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Proteomic experiment

extraction focusing SDS-PAGE digest MS
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HOMOGENIZATION

* mechanical

* ultrasound

* pressure

* freeze/thaw lysis
* detergent lysis

Mammalian cell with mix
of proteins
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Breakup of cell and
separation oul of proteins
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Watch for keratins!

SAMPLE PREPARATION

Solubilization urea thiourea detergents

Reduction DTT TBP TCEP

dithiotreitol tributylphospine Tris (2-carboxyethyl)
phosphine hydrochloride

Inhibition of proteases, phosphatases glycosylases

Contaminants removal

Protein assay
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DETERGENTS =

no net charge
0.5-4% R Fr%
working in high urea e ' <

non ionogenic =5
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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)

T

CHAPS C7BzO
E.coli
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RULE OF THUMB

= avoid proteolysis

= simple preparation

= fresh reagents

« fresh sample

= remove particles - spin
= remove contaminants

www.muni.cz
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CONTAMINANTS

= salts, buffers

= small molecules
* |onic detergents
= nucleic acids

* polysaccharides
= lipids

= phenols
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2-DE IEF

Isoelectric point (pl)

e first dimension I T S "

[[Ascas | ’ k ' Cathode
(+) K Q]

net charge (+2) (0) -2)

SDS-PAGE
Second Dimension: Separation by size

e second dimension

Blotting Size — o
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1st dimension ISOELECTRIC FOCUSING

migration of charged molecules in pH gradient in electric field

Isoelectric point (pl)

pH 3 4 5 6 7 s 9 10

I Anode |
(+)

V Cathode -
)

net charge (+2) (0) {-2)
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ISOELECTRIC FOCUSING

« iImmobilized pH gradient

« ampholytes
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A. Linear pH 4-7 ReadyStrip IPG strip I

RANGE OF STRIP
SIZE OF STRIP
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pH 3-6 pH 5-8 pH 7-10
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EQUILIBRATION OF STRIP !

denaturation SPS°

4
.
.

2

reduction DTT @ alkylation IAA -
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2"d dimension SDS-PAGE

Migration of anions in electric field according to MW

Second Dimension: Separation by size
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2-DE INSTRUMENTATION

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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PROTEIN DETECTION

 gel x blot
« visualisation —= staining
radioactivity assay
= Immunodetection

 staining in gel e post-electrophoretic
e pre-electrophoretic

e protein specific
e PTM specific

e Vvisible spectrum
e fluorescence
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PROTEIN DETECTION IN GEL

Sypro Ruby Coomassie
1.4 ng 36 ng

PTM specific staining  Pro-Q Diamond

silver

0.6

ng

Pro-Q Emerald
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PROTEIN STAINING - LINEARITY

Integrated Intensity

Sypro

Ruby

Linear range
of silver stain p

2000 ~
1000 - )4

500 4 ¥

Y —

]
0 100 200 300 400 500 600 700 BOO
Protein Amount (ng)

SO0 1000
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IMAGE ANALYSIS
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biological variability

three plantelets analysed
separately under same conditions
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biological replicates

technical variability

same plantelet analysed
three times under same conditions
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2D or not 2D ?

= visual aspects

= reproducibility

= dynamic range

= extreme proteins (membrane, basic...)
= difficult automatization

= postdigestion extraction
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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
| total

Lit

From: The Human Plasma Proteome: A Non-Redundant List Developed by Combination of Four P PI B 2 >
Separate Sources, N. L. Anderson et al, Molec. Cell Proteomics, 3: 311-326 (2004).
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MULTIDIMENSIONAL CHROMATOGRAPHY

FOR " large sample volumes
= on-column concentration
* membrane proteins, basic proteins
" Nno staining
* peptides — going directly to MS
= automatization

AGAINST = vizual aspects lost: pl a Mr
= LC - serial analysis
* GE - more samples in paralel
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BIOMARKERS
... NEEDLE IN HAYSTACKS

prefractionation = separation = identification = control vs. sample

« haystack - proteins without relation to disease

neeedles — disease specific proteins

potencial needles difficult to validate ° biological variability!
are needles worth further examination?

often contain PTM, difficult to be identified by MS
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Biomarkers in human plasma

. _ _ Day 44 — after clinical manifestation
Day 21 — before clinical manifestation
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separation === jdentification
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} DIGEST
trypsin  Glu-C  Asp-N thermolysin

MAVEPFPRRPITRPHASIEVDTSGTGGSAGSSEKVF
CLIGQAEGGEPNTVYELRNYAQAKRLFRSGELLDAI
ELAWGSNPNYTAGRILAMRIEDAKPASAEIGGLKIT
SKIYGNVANNIQVGLEKNTLSDSLRLRVIFQDDRFN
EVYDNIGNIFTIKYKGEEANATFSVEHDEETQKASR
LVLKVGDQEVKSYDLTGGAYDYTNAIITDINQLPDF
EAKLSPFGDKNLESSKLDKIENANIKDKAVYVKAVF
GDLEKQTAYNGIVSFEQLNAEGEVPSNVEVEAGEE
SATVTATSPIKTIEPFELTKLKGGTNGEPPATWADKL
DKFAHEGGYYIVPLSSKQSVHAEVASFVKERSDAGE
PMRAIVGGGFNESKEQLFGRQASLSNPRVSLVANS
GTFVMDDGRKNHVPAYMVAVALGGLASGLEIGES
ITFKPLRVSSLDQIYESIDLDELNENGIISIEFVRNRTN
TFFRIVDDVTTFNDKSDPVKAEMAVGEANDFLVSE
LKVQLEDQFIGTRTINTSASIIKDFIQSYLGRKKRDN
EIQDFPAEDVQVIVEGNEARISMTVYPIRSFKKISVS
LVYKQQTLQA

* IN-GEL
* IN-SOLUTION

Analysis

—

MS
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GI GO

GARBAGE IN - GARBAGE OUT




MASARYK UNIVERSITY www.muni.cz

LITERATURE

R.M. Twyman: Principles of Proteomics

R.Westermeier, T.Naven, H-R Hopker: Proteomics in Practice
A.J.Link: 2D Proteome Analysis Protocols

Current Protocols in Protein Science

R.J.Simpson: Proteins and Proteomics

T.Rabilloud: Proteome Research: Two-dimensional Gel

. Electrophoresis and Identification Methods
A. Gorg, W. Weiss, M.J.Dunn: Proteomics 2004, 4, 3665, rev.
|. Miller, J. Crawford, E. Gianazza: Proteomics 2006, 6, rev.
F.Chevalier: Proteome Science 2010, 8:23, review

R. Burgess, M. Deutscher: Guide to Protein Purification



www.muni.cz

vy
a4
L
=
Z
)
A4
>
a4
<
%)
<
=

onDooonoo
OooDoODooOaOo
ocoooonoo
Oooooooao
ooooonoo
ODoDoDoODooOaOo
ooooonoo
OoOOoDOoOOooaDo
ocoooonoo
DooDoODooaOo
ooooonoo
Oooooooao
ooooooo

PREFRACTIONATION
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GENOME PROTEOME

l splicing ‘
) alternatively
B B N oicec

mRNAs

protein
isoforms

PTM ~200 variants (fosforylation, glykosylation, acylation, methylation...)

A 4

translation

\
ISOFORMS *’

CONCENTRATION RANGE ~ 10 orders of magnitude j

PREFRACTIONATION — MS
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10'% Really Is Wide Dynamic Range

Slide courtesy Bruno Domon, ETH Zurich
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5
Abundant proteins in human plasma PP[-

[he Plasma Proteome Ingtitute

Fibrinogen
Transferrin ]7 IgA Total C4 Complement Complement Factor B

Alpha-2-Macroglobulin Ceruloplasmin ;
IgG Total /_ v Prealbumin

Alpha-1-Antitrypsin Factor H
o~ C3 Complement

C8 Complement

C1q Complement

~— Haptoglobin C8 Complement

Lipoprotein(a)

Alpha-1-acid Glycoprotein

Apolipoprotein A-1
G T Apolipoprotein B

0 - 90% 90 - 99%
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AFFINITY DEPLETION

Removal of abundant proteins by affinity chromatography
HSA
IgG

Before

*HSA and IgG Removal



MASARYK UNIVERSITY www.muni.cz

Human plasma — bound fractions after affinity depletion

ALBUMIN

I9G Staining CBB G-250

y ——

““-—h‘“ : <

- 'tu‘. N

B

Apolipoprotein

@®

albumin

Immunoglobulin kappa light chain Immunoglobulin light chain
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CPPL Combinatorial
Combinatorial Peptide Ligand Library C .H.ex.apcep.ﬁdce
Native Human Serum Human Serum Fractionated by ProteoMiner
1-DE 2-DE [pH4-7] 1-DE 2-DE [pH4-7]
—TrEa i -c-—-.._ “.:"k "
o ""m" = i
. 8=
- '“:'-. . . B b :-.‘ ‘"‘ ten i
5 o .
4 o ] . . ‘ . .0 -
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PREFRACTIONATION PROTEOMINER

Apply sample Wash

“MB ProteoMiner
~ beads

Elute

Eluate
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A: biological sample

® .
@
L &
TN L
A
£ C: bind mixture E: washed beads with
l to library bound species

] .A
@, —°*°2°®
X H.H oo v
A o + © ¢
> @ < @ ... . 0.0

L

F: eluted retained
sample

B: ligand library
D: unbound proteins
¢ Washed away
®

&
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IEF prefractionation

« prefractionation in solution

MicroRotofor

« prefractionation in solution
using IPG strip

-
-
‘‘‘‘‘‘‘‘

OffGel 'Frélonator
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OFFGEL IEF prefractionation of proteins or peptides

Well frame

IPG gel strip
m————f

Cover zeal
. |
_ Beer: 70 proteins
* - o TE L . e | w4 b LAY g o | - . ‘i
# % laa # L L) Ly L _
| -t |+...._'r ...+‘.:+ ,E.E;E :::;:{ _:'::, -:.t::i | :.i*; | ':.':'l'..: :5_'1.5_ ‘,E‘,“ | "*". | N— w‘ I
High voltage e e et e e e e o e .l {
. | ‘ rv
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uv .
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IPG-IEF
= = =
'i‘ = =
= C =P O
$ = _
=  °
‘ — % | =
IEF of mixed proteins g
Protein digest on the strip fractions of strip

JTOURMAL OF BIOMOLECULAE TECHMICQUES, VOLUME 16, 155UE 3, SEFTEMEBER 2005
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Blue Native Electrophoresis BNE

SDS
« Separation of native proteins NOO T
« Separation of membrane complexes ’
 Solubilization by non-ionic detergents [ o
» Charged by Coomassie G-250 ~o 0:%-0
BN PAGE gel (strip/band) as 2D

0.9 geVen
© i
© A
0 G G-250 @ 9

O g 9
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2DE
BNE

st aimension @

NIUK

’ 4
A
i
'

)

RN
' (AU

)

|

Blue native polyacrylamide
gel electrophoresis of
protein-protein complexes

www.muni.cz

SDS-PAGE

na aimension

| 8119 91 BEeEn

SDS polyacrylamide
gel electrophoresis of
protein subunits
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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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PREFRACTIONATION A

MICRO RANGES

3 4.6 10 4 62 7
3.0-4.6 Fraction 6.2-7.0 Fraction
f o - [l
E
Unfractionated ; - | — _
' 7.0-10. i
Nac 0-10.0 Fraction
4 200 kDa
i 55 kDa ot
4 o J ' .
"~ =] 21kDa
- - = -' _
#| 2.5 kDa A
3 = - = . -

5.4-6.2 Fraction =
- = F.

4.5 55
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MOTIVATING LITERATURE FOR ADVANCED READERS

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.
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INVESTICE D3 ROZVOJE VZDELAVANI



