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PROTEOM

= komplexita 1007
" dynamika

= sekvence

= struktura

= abundance

= ]okalizace

= modifikace

= nterakce

= biochemicka funkce

geny - nositele instrukce proteiny - vykonavatel¢ instrukce



STRATEGIE SEPARACE

. pocCet AA 1D A
= fyzikalni rozdily PTM

= chemické rozdily

sekvence

lokalizace v bunce, solubilita, velikost, ndboj, pl

= vysoke rozliSeni

" jednoduché smeési proteint
= vysoka kapacita

" automatizace

centrifugace, postupna extrakce, chromatografie, elektroforéza



ALTERNATIVY SEPARACE

m 2D gelova elektroforéza e
Bl
IEF + SDS | |
m 1D gelova elektroforéza TZZ=22
- |
SDS PAGE =-S28
N PAGE =TT
m multidimenzionalni LC —5
MUdPIT | Untreated [ e Treaed I
ICAT...

m proteimnove Cipy
Functional protein arrays (protein proteinove interakce)

Affinity arrays




proteinovy
vzorek
komplexni

v

smé&s peptidi
komplexni

2D GE

multiD-LC

proteinove Cipy

v

A 4

proteinovy

vzorek
jednoduchy
MS
smes peptida MS/MS : ,
jednoducha i databaze

charakterizace

1dentifikace modifikace

kvantifikace



dvourozmeérna gelova elektroforéza 2D GE

(multidimenzionalni) kapalinova chromatografie



DVOUROZMERNA GELOVA ELEKTROFOREZA 2D GE




’E

/ solubilizace

prefrakcionace deplece/obohaceni

o

digesce
1n-gel
separace
smes peptidi RP-HPLC nebo CE

MALDI-MS ESI-MS/MS

v

fragmentacni
spektrum

identifikace proteinu




Mammalian cell with mix
of proteins




SOLUBILIZACE VZORKU

* nekovalentni interakce — denaturace detergenty
CHAPS, Triton, Nonidet

chaotropy

mocovina, thiomocovina

= disulfidické mustky — redukce

* inhibice proteaz, fosfatdz, glykozidaz

» odstranéni soli, lipidl, polysacharidii, NA



ZAKLADNI PRAVIDLA

= zabranit proteolyze

" jednoduchy postup

= Cerstve reagencie

= Cerstvy vzorek

= odstranit pevné castice - centrifugace

" odstranit kontaminanty



KONTAMINANTY

= soli, zbytky pufra

= mal¢ endogenni molekuly
= 1ontove detergenty

= nukleove kyseliny

= polysacharidy

= lipidy

= fenolicke latky






2D GE

" prvni rozmér

» druhy rozmér

IEF

Isoelectric point (pl)
|
pH 3 a 5 6 !'7 8 9 10
|
|
Anade ' ' Cathode
(+) :‘ (5]
- B

nat charge (+2) ()] -2}

SDS-PAGE

Second Dimension: Separation by size

Blotting Size

OR

Staining

» Charge

Silver stain



ISOELEKTRICKY BOD

nel charge (+2)



PRVNI ROZMER 2D GE

ISOELEKTRICKA FOKUSACE

First Dimension: Proteins migrating
Separation by charge

through pH gradient
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Tube gel Immobilized pH gradient strips




IPG STRIPY

= Siroky rozsah 3-10, 3-10NL
" Uzky rozsah
* mikro rozsah

e 1 1 ¢ F h b

_-‘"F

prekryvajici se rozsahy



ROZSAH STRIPU
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FOKUSACNI PARAMETRY

= rehydratace
= aplikace vzorku

= ochrana cysteinu

=  fokusacni podminky

Protean IEF Cell



DRUHY ROZMER 2 DE GE

SDS-PAGE ELEKTROFOREZA

Second Dimension: Separation by size

R o

Blotting

OR

Staining

=ilver stain

p Charge




DETEKCE PROTEINU

 gel x blot

e visualizace

 barveni v gelu

barveni
radioaktivita
imunodetekce

po elektroforéze
pred elektroforézou

specificke pro protein
specificke pro PTM

viditelné spektrum
fluorescence



BARVENI PROTEINU V GELU

Coomassie Blue R-250

Coomassie Blue G-250

Stiibro: kompatibilni s MS
nekompatibilni s MS

Sypro Ruby

Flamingo Pink

Pro-Q Diamond

Pro-Q Emerald

¥ Charge

(8 ng) 36 ng 1-4ng
% . .t
Coomassie ) Sypro Ruby




Colloidal CCB
A. thaliana
mnozstvi proteinu: 100 ng/gel

A. thaliana
mnozstvi proteinu: 20 pg/gel

~" SYPRO Ruby
.. A thaliana

mnozstvi proteinu: 20 pg/gel




BARVENI PROTEINU - LINEARITA

Zavislosl intenzity sifibra na konceniraci profteinu //
£
] {
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ANALYZA OBRAZU

Image analyzer

referencni mapa

paralelni vzorky e prumérny gel e kvalita e kvantita e porovnani referencnich map
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BIOMARKER

 detekuje pfitomnost onemocnéni
* prispiva k zvladnuti nemoci - pfedpovéd’ a potvrzeni Gicinku leku
staré Recko — sladka mo¢
dnes asi 150 proteint klinicky relevantnich

VALIDACE

 analyticka  stabilni robustni metoda

 biologicka  biochemicke drahy a jejich zmény, biologicka variabilita u zdravych
* klinicka prediktivni predpovéd klinické zmény, > nez biologicka variabilita

L

personalizovana medicina
vlastni kontroly

etické problémy

kupka sena
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Biomarkery onemocnéni GvHD v lidské plasmé
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2D GE INSTRUMENTACE

= Protean IEF

= Protean Dodeca Cell

= Densitometer GS-800
PDQuest, Quantity One
STORM |

Protean Plus Dodeca Cell Mini-Protean 3 Dodeca Cell Protean II xi1 Cell



2D or not 2D ?

rozliSeni

vizualni aspekty

multigelové jednotky

dynamicky rozsah

extrémni proteiny (membranoveé,basicke...)
reprodukovatelnost, image analyza
citlivost barveni

pracnost

nesnadna automatizace

postdigesCni extrakce
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10'° Really Is Wide Dynamic Range

(Here on a linear scalé)

1 0cm

Slide courtesy Bruno Domon, ETH Zurich



PPI™

"lL I 151114

C4 Complement

Fibrinogen
Transferrin [ IgA Total
Ceruloplasmin

Alpha-2-Macroglobulin
IgM Total
/_ Alpha-1-Antitrypsin
Vs C3 Complement
~— Haptoglobin

IgG Total
Factor H

Lipoprotein(a)

Alpha-1-acid Glycoprotein

Albumin Apolipoprotein B

0 - 90%

Proteome [nstitute

Complement Factor B
Prealbumin

C9 Complement

C1g Complement
C8 Complement

Apolipoprotein A-1

90 - 99%




Different Platforms See Different Plasma Proteomes:

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

2DEMS . * 46 proteins in all

rd four lists
[ * |95 proteins in 2
l‘\\ “\} or more lists

S g * 1175 NR proteins

S £ total
" ’.'..Lit
LCMS|
Froeis Thie-Eiyiinan Pz Proteomies A Mon-Redundant List Developed by Gombirationof Four PP ] N Ao

Separate Sources, N. L. Anderson et al, Malec. Cell Proteamics, 3: 31 1-326 (2004).



PREFRAKCIONACE

MicroRotofor

Zoom IEF



PREFRAKCIONACE

MIKRO ROZSAH

pl

pl

4.6 10
3.0-4.6 Fraction

6.2 7

6.2-7.0 Fraction

o

| =
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200 k
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7 10
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4.5 5.5




DEPLECE

odstranéni abundantnich proteinu

HSA
VivaPure
PROT20

Before After*

. .h.' . *H5A and g Removal

Vivapure Kit



SDS PAGE

Protean 11
Mini-Protean 3
Mini-Protean 3 Dodeca Cell
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bakteriofag 812



Protein extract | Privtain extract 1 Progein esdract 3
Laksal with Cy2 Labal with Ty Label with Cy5

M labeled extracts

Irnage analysis

Dlata quantification




separace identifikace

depletovana plasma vesikly kmenovych bunék
| "
' » '%J. . o= e ‘; > - .
‘\s\ e S - -
niga gt N -
: 173 by 4 ks
F N . | ﬂ i |
A
Ao WNESNE | I8 gl
J Ly L, ¥
Calcium-Depleted Human C-Reactive Protein BSA

Amyloid related serum protein



DIGESCE

trypsin  Glu-C  Asp-N thermolysin « IN-GEL
‘ e IN-SOLUTION
VF
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ALTERNATIVA 2D GE

MULTIDIMENZIONALNI CHROMATOGRAFIE



Retention time or volume —s=




Time or volume ——B




TYPY LC SEPARACE

CO ROZHODUIJE

KOLONA

naboj
hydrofobicita
biospecificka afinita

velikost molekuly

lonex
reverzni faze
afinitni

gelova



Binding Elution
Cation Exchange

Time or volume ———
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Use cation exchange




Table 2.1 Functional groups used on ion exchangers.
Anion exchangers Functional group

Diethylaminoethyl (DEAE) -O-CH,-CH,-N'H(CH,CH.),
Quaternary aminoethyl (QAE) -0-CH,-CH,-N'(C,H,),-CH,CHOH-CH,
Quaternary ammonium (Q) -0-CH,-CHOH-CH,-O-CH,-CHOH-CH-N*(CH,);

Cation exchangers Functional group
Carboxymethyl (CM) -0-CH,-COO

Sulfopropyl (SP) -0-CH,-CHOH-CH,-0-CH,-CH,-CH,S0,
Methylsulfonate (S) -0-CH,-CHOH-CH,-O-CH,-CHOH-CH,50;




Elution

High
Solvent
Strength

Low
Solvent
Strength

Time or volume ——»







Binding

_Spacer arm

Ligand

Elution

Wash
Buffer |/

Time or volume —

Low pH,
High Salt,
Specific
Eluent




Resin Elution Selectivity - MALDI-MS

o
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Resin Enrichment - HPLC
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GELOVA CHROMATOGRAFIE
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KAPALINOVA CHROMATOGRAFIE

HPLC

LC



Choose the POROS Chemistry

Onee wou've selected a particular mode of chiromatography, you will have a range of POROS su
selectroity, resulting from differences in functional group andfor functional group density. While if ma

chemistry, i

v be advantageous fo exple

Mernatioes. With the range ¢

becomes a porverful new variable to exploit when optimizing your separation

FUNCTIOMAL FUNCTIONAL

ovMamMic
DENSITY GCAPACITY™

if POROS chemistries and &

Revensto-PHase CHAOMATOGRAPHY

Base Poly{styrene

Lorw: phasa @i

R1 iyl barcana) privading iaw retentadry @ ML Al
> e Wi o
R2 divimy h?mn’;m arowding higher Bindg 10 mg/imL of

Firengt aAd [#isrlivity

lon-ExcHanGE CHROMATOGRAPHY

Quanemized A Fo

oo H Q polyethytenemme High ol i he

Amian - — Ela

el - 1 TN iy Memy 30 mgaml. u

Wean D E A E Detyuminosiy Nadum 35 mgiml. M

Amron 1

Eronanssns P . Polysihylengiming Madaim A% mg/ml M

75 mg/ml Fo

HH 3 Sulphoprooy! (S {POADS 50 b

Srnons £0 mg/ml) ]

At sSP Sulphopropyl Meadim 45 mgiml. M
Suonamasns

S Sulphostiry) Low 10 gl ﬁ

beeinsnl c " Garbonymutiryl High 70 mghnl [+

HyopRoPHORIC INTERACTION CHRAOMATOGRAPHY

High denady

HP2 phery High 2 moimi at

PE Pyt sfhar Meum Bmgmt o

ET 1y et Madum T"’“"" :‘

., e OH Hydiony -
klasicky sorbent POROS AL =
- EP Eponie "

AsTIVATES — o

N H Primary amine Wl

HY Hytrarids ‘,"-

]

A - o &

G e w3

HE Hepar D | 15 mg/ml o

mMmcCc Irmide-siacetate 15 Mgl "'

Oligo R3 Very high phase o | 30 mg/ml E:

PepMap C18 a3  Thcaten ety .

“Test nrotein



BioCAD 700E
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Kolona mize vypadat rizné . . .




C18
Zip Tip C4
Millipore MC

SCX



http://www.millipore.com/images/xl/MB4009-01%5B760-ALL%5D.jpg
http://www.millipore.com/images/large/MB3984-06%5B758-ALL%5D.jpg

MULTIDIMENZIONALNI CHROMATOGRAFIE

kombinace odlisnych fyzikalnich a chemickych separacnich principt

= diskontinualni
= kontinualni

= dvoufazova kolona



Proteomelab PF 2D

= chromatofokusace

= RP

Partial pI/UV m
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Fractions from the first dimension are automatically injected in
the second, eliminating the need for manual transfer.

Directed by the pH monitor, fraction

collection provides fractions according to pI.
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MULTIDIMENZIONALNI CHROMATOGRAFIE

PRO

PROTI

velke objemy vzorku

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

peptidy — pfime napojeni na MS
automatizace

vizualni aspekty ztraceny: pl a Mr
LC je sériova analyza
GE muze béZet soucasné pro vice vzorku



KOMPLEMENTARITA METOD

2D GE 2D-LC

168 467

13% 49%  38%

M. Hecker, University of Greisfwald, bakterialni proteom, HUPO 2005
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= Current Protocols in Protein Science



GIGO



GIGO

GARBAGE IN - GARBAGE OUT



	Charakterizace proteinů hmotnostní spektrometrií�Bi 7050����
	  
	 	 	��
	SOLUBILIZACE   VZORKU
	ZÁKLADNÍ PRAVIDLA
	KONTAMINANTY
	2D GE
	PRVNÍ  ROZMĚR  2D GE 
	BARVENÍ PROTEINU - LINEARITA
	Biomarkery onemocnění GvHD v lidské plasmě
	2D or not 2D ?
	PREFRAKCIONACE
	PREFRAKCIONACE��MIKRO ROZSAH  
	
	SDS PAGE
	ALTERNATIVA  2D GE��MULTIDIMENZIONÁLNÍ  CHROMATOGRAFIE
	PROTEINY A  PEPTIDY�PRINCIPY  SEPARACE  KAPALINOVOU  CHROMATOGRAFIÍ
	IMAC�Immobilized Metal Affinity Chromatography�PHOS Select Iron Affinity gel
	HPLC��LC��PERFÚZNÍ 
	MULTIDIMENZIONÁLNÍ  CHROMATOGRAFIE�� 
	MULTIDIMENZIONÁLNÍ  CHROMATOGRAFIE��            PRO
	KOMPLEMENTARITA  METOD �
	LITERATURA

