O

o° Oddéleni funk¢ni genomiky a proteomiky
K Prirodovédecka fakulta Masarykovy university
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PROTEOM

» komplexita 1007
* dynamika

= sekvence

= struktura

= abundance

= Jokalizace

= modifikace

= nterakce

= biochemicka funkce

geny - nositel¢ instrukce proteiny - vykonavatel¢ instrukce




STRATEGIE SEPARACE

. pocCet AA D A
= fyzikdlni rozdily PTM

» chemicke rozdily

sekvence

lokalizace v bunce, solubilita, velikost, naboj, pl

= vysoke rozliSeni

" jednoduche smési proteinu
= vysoka kapacita

" automatizace

centrifugace, postupna extrakce, chromatografie, elektroforéza




ALTERNATIVY SEPARACE

m 2D gelova elektroforeza

IEF + SDS
m 1D gelova elektroforéza

SDS PAGE

BN PAGE...

B multidimenzionalni LC

MudPIT
ICAT...

m proteimnove Cipy

Functional protein arrays (protein proteinove interakce)

Affinity arrays
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proteinovy
vzorek
komplexni

v

smés peptidu
komplexni

2D GE

multiD-LC

proteinove Cipy

\ 4

proteinovy

vzorek
jednoduchy
MS
smés peptidi MS/MS :
jednoducha ' databaze

charakterizace

1dentifikace modifikace

kvantifikace




dvourozmérna gelova elektroforéza 2D GE

(multidimenzionalni) kapalinova chromatografie




DVOUROZMERNA GELOVA ELEKTROFOREZA 2D GE




vzorek

solubilizace
prefrakcionace deplece/obohaceni
2D GE
digesce
in-gel
separace
smes peptidil RP-HPLC nebo CE
odsoleni ESI-MS
MALDI-MS ESI-MS/MS
PME fragmentacni PST
spektrum

identifikace proteinu




ANALYZOVANY VZOREK

Mammalian cell with mix

of proleins
" A
ot




SOLUBILIZACE VZORKU

* nekovalentni interakce — denaturace detergenty
CHAPS, Triton, Nonidet

chaotropy

mocovina, thiomocovina

» disulfidické mistky — redukce

* 1nhibice proteaz, fosfataz, glykozidaz

* odstranéni soli, lipidu, polysacharidi, NA




ZAKLADNI PRAVIDLA

" zabranit proteolyze

" jednoduchy postup

= Cerstve reagencie

= Cerstvy vzorek

" odstranit pevne Castice - centrifugace

" odstranit kontaminanty




KONTAMINANTY

= soli, zbytky pufru

=  malé endogenni molekuly
= 1ontové detergenty

« nukleové kyseliny

= polysacharidy

= lipidy

= fenolické latky




SOLUBILIZACE
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2D GE

" prvni rozmer

= druhy rozmér

IEF
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SDS-PAGE

Second Dimension: Separation by size
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ISOELEKTRICKY BOD

Isoelectric point (pf)

. S 4 5 6 4 8 8 10

Cathode
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(+)

nat charge (+2) (0) {-2)




PRVNI ROZMER 2D GE

ISOELEKTRICKA FOKUSACE
First Dimension: Proteins migrating
Separation by charge J;fj____.——-—,___ﬂxthmugh pH gradsent

=

Power source

Tube gel Immobilized pH gradient strips




[PG STRIPY

= Siroky rozsah 3-10, 3-10NL
" 0zky rozsah
* mikro rozsah

(PR
=0
4 545 5
4.0-5.0 .
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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
O
OR
=taining

Sihver stain




DETEKCE PROTEINU

 gel x blot

e visualizace barveni
radioaktivita
imunodetekce

e barveni v gelu po elektroforéze
pied elektroforézou

specifické pro protein
specifickeé 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

Size

0.6 ng (8 ng) 36 ng
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Coomassie

» Charge

E
"
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Sypro Ruby




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

A. thaliana
mnozstvi proteinu: 20 ng/gel

=" SYPRO Ruby
- .. A thaliana

mnozstvi proteinu: 20 ng/gel




BARVENI PROTEINU - LINEARITA

Zavislost inlenzity CCB na kencenlraci proleinu

P
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ANALYZA OBRAZU

Image analyzer

referenCni mapa

paralelni vzorky ¢ prumérny gel ¢ kvalita e kvantita ¢ porovnani referencnich map
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Sekretované vesikly kmenovych bunék
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PDQuest

o come ® ol @PWooo

In Both
AF-Cacalowa d44-2-4z-2006-068-18 +3 [ Ganssian)
AF-Cac 21-2-Az-2008-08-16 3 [(Ganssian)
AE-plas J1a-2008 (Master, Modified)
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BIOMARKER

* detekuje pfitomnost onemocnéni
* prispiva k zvladnuti nemoci - predpoveéd’ a potvrzeni ucinku 1¢ku
staré Recko — sladka mo¢
dnes asi 150 proteinu klinicky relevantnich

VALIDACE

 analyticka stabilni robustni metoda
 biologicka biochemicke drahy a jejich zmény, biologicka variabilita u zdravych
e klinicka prediktivni predpovéd klinické zmény, » neZ biologicka variabilita
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H personalizovana medicina
E vlastni kontroly
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Biomarkery onemocnéni GvHD v lidske plasmé

Den 21 — pred klinickym projevem GvHD Den 44 — po klinickém projevu GvHD
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2D GE INSTRUMENTACE

= Protean IEF

= Protean Dodeca Cell

= Densitometer GS-800
PDQuest, Quantity One

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




2D or not 2D ?

rozliSeni

vizualni aspekty

multigelove jednotky

dynamicky rozsah

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

pracnost

nesnadnd automatizace

postdigesCni extrakce




PP]\L—/

he Plasma Proteome Institute

Washington, DC
Dr. Leigh Anderson, 2002
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proteomic techniques
Total Cost: $10,695
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Classical Plasma Proteins

Tissue Leakage
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10'° Really Is Wide Dynamic Range

(Here on a linear scale)

Slide courtesy Bruno Domon, ETH Zurich




PPI

lhe Plasma Proteome Institute

Fibrinogen
[ [ lgA Total C4 Complement Complement Factor B

C8 Complement

Alpha-2-Macroglobulin Ceruloplasmin ;
IgG Total IgM Total Prealbumin
Alpha-1-Antitrypsin Factor H C9 Complement
/—GB Complement C1q Complement
Lipoprotein(a)
10% 1%
Alpha-1-acid Glycoprotein
Apolipoprotein A-1

Albumin Apolipoprotein B

0 - 90% 90 - 99%




Different Platforms See Different Plasma Proteomes:

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

2DEMS * 46 proteins in all
e four lists
{
[ * |95 proteins in 2
! *-:'-. .
\ % or more lists
\ ;
S FA .
NN - * 175 NR proteins
™ & total
Lt
LCMSI
From: The Human Plasma Proteome: A Non-Redundant List Developed by Combination of Four PP] ‘\ ; 3

Separate Sources, N. L. Anderson et al, Molec. Cell Proteomics, 3: 311-326 (2004).




PREFRAKCIONACE

MicroRotofor

/Zoom IEF




PREFRAKCIONACE pl

MIKRO ROZSAH

Linfractionated

pl

3 4.6
3.0-4.6 Fraction

w0

6.2 7
6.2-7.0 Fraction

il
E—— |
4 4.5 5.4 7
4.6-5.4 Fraction
200 b
55 kL
u
21 kI
2.5 k‘l 4 5.4 8.2 7

5.4-6.2 Fraction
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7 v
7.0-10.0 Fraction
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DEPLECE

odstranéni abundantnich proteinu

HSA
VivaPure
PROT20

Vivapure Kit

Before

*HEA and 180 Removal




SDS PAGE

Protean 11
Mini-Protean 3
Mini-Protean 3 Dodeca Cell
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Protesn eadract | | Protein extract I Frotein edract 3
Label with Cy2 Label with Cy2 Label with Cy5

Arateds of differsnce

Irnage analysis
Diata cuantification




separace

depletovana plasma
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Calcium- Depleted Human C- Reactlve Protein

Amyloid related serum protein

identifikace

vesikly kmenovych bunék

BSA




DIGESCE

trypsin  Glu-C  Asp-N thermolysin « IN-GEL
‘ « IN-SOLUTION
VF
CLIGQAEGGEPNTVYELR SGELLD
AIELAWGSNPNYTAGR IEDAKPASAEIGGL

K IYGNVANNIQVGLEKNTLSDSLR VIFQDD
RFENEVYDNIGNIFTIKYKGEEANATFSVEHDEETQ
K

TIEPFELTK  GGTNGEPP
ATWADKLDKFAHEGGY YIVPLSSKQSVHAEVASF
VKERSDAGEPMRAIVGGGFNESKEQLFGRQASLS
NPRVSLVANSGTFVMDDGRK

TNTFFRIVDDVTTFNDK AEMA
VGEANDFLVSELKVQLEDQFIGTRTINTSASIIKDFI
QSYLGR DNEIQDFPAEDVQVIVEGNEARISMT
VYPIR

— L, MS




ALTERNATIVA 2D GE

MULTIDIMENZIONALNI CHROMATOGRAFIE







Eluent concentration




TYPY LC SEPARACE

CO ROZHODUJE » KOLONA

" naboj 10nex

* hydrofobicita reverzni faze
" biospecificka afinita afinitni

= velikost molekuly gelova




Binding Elution
Cation Exchange

Time or volume ———»




Use cation exchange
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Table 2.1 Functional groups used on ion exchangers.

Anion exchangers

Diethylaminoethyl (DEAE)
Quaternary aminoethy! (QAE)
Quaternary ammonium (Q)

Cation exchangers

Carboxymethyl (CM)
Sulfopropyl (5P)
Methylsulfonate (S)

Functional group

.0-CH,-CH,-N'H(CH,CH.),
O-CH.-CH,-N'(C,H,)-CH,CHOH-CH,
~O-CH.-CHOH-CH,-0-CH,-CHOH-CH,-N"(CH.),

Functional group

.0-CH,-COO
.0-CH,-CHOH-CH,-0-CH,-CH,-CH,50,
-0-CH,-CHOH-CH,-0-CH,-CHOH-CH,50,




Elution

High
Solvent
Strength

Low
Solvent
Strength

Time or volume —






Binding Elution

_Spacer arm Ligand

Low pH,
High Salt,
Specific
Eluent

Wash
Buffer |  _J

Time or volume —»




IMAC

Immobilized Metal Affinity Chromatography
PHOS Select Iron Affinity gel

Surovy

Po aplikaci

Relathee Intensty

Resin Elution Selectivity - MALDI-MS

100
80
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40
20 |
04
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40
20
0 4
100

ki &= 00
o o o

(=]
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|

(=1

804

&0
40 4

100 1
&0
&0
40

Al
PP
B) MPP TeR
TRp+
]
! TR
3
AP MPF
= TRP
MPP
TPP+
El MPP

Kasein tryptic digest

& 215 nm (mau)

Resin Enrichment - HPLC

I
i)

TFP
PP
IIIZI III II-'I IIE- Ilﬂ. EIIZI 22
Klinutss
Kasein

Surovy

Po aplikaci




GELOVA CHROMATOGRAFIE

® - R 1 _
NN O O smaller tha
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| CJC% S0

them of 5 defined size ronge o )

bmeiglmimmeGNSN G000

molecules o enter bt

excludes mculec_ules larger H H

than the pore diameters.




KAPALINOVA CHROMATOGRAFIE

HPLC

LC
ERFUZNE




klasicky sorbent

POROS

Choose the POROS Chemistry

Once you've selected o partice
sefectivity, resulting from dif
chemistry, it can be advantageous lo ex;
becomes a poicerful new variable 1o exploit when optiz

lar mode of chromatography, you
'HCes IrTﬂll Horie! ‘\:J'HJIFI llih-l,":ll' !“"I fhll'!]i.l \'F('ﬂf' de 1

s, With the range of POROS chemistries and ¢
mizing your separation,

e alternal

T

FUNCTIOHAL FUNCTIONAL
GROUPF DENSITY GCGAPAGITY™

DY HAMIC

il hirve @ range of POROS surface ¢
iy, Wikile if ma

RevenrsEp-PHASE CHROMATOORAPHY

Bas# Po TENE Low phasa matia Fo
R1 divinyl D'grl;?nm providing low retentviry 3 M@ML A1
Base Poly(styrens High ohasa fatio e
R2 divinyl banzane) gy oo ol of
Iou-!x:uana: CHROMATYTOGRAPHY
Ouatemized Fa
STroma (51 a ol RO High 55 mgiml &
e N —
Quaternized
N - 1 P Madium 30 meiml Al
Wean D E A E Diethylaminosthyl Madium 55 mg/ml. A
Asrom m——
P — p . Palyethyienaimine Madium 45 mgmL A
75 mg/mL
HS Sulphopraay figh {POR0S 50 o
Strama 5 o)
Garson sSP Sulphoprapyl Madium 45 mgiml.
Tre—
- Suiphosttyl Low 10 g, ¥
Wean CM Garboxymeiivyl High 70 mgiml c:

HyYyoROPHOBIC INTERACTION CHROMATOGHAPHY

High density : e
H P 2 phanyl High 12 mginL od
P E Phienyl ether Madium & mp/ml. EI!
T Etyl ather Madium 4 mgimi. ;

ACTIVATED AFFINITY CHROMATOGRAPHY

Fo Al

P o I . | Hydroxy! r

AL Adehyde G

o EP Eponie o
AcTivaTeED —

" Fq

“ H Primary amine e

= =

HY Hydrazide e

AFrFIiNITY CHROMATOOGRAPHY D

Recombmant o2

A Prolein A o L

Aecombinant = Fg

G Protein G Th s ™

HE Hepann 18 mgrml. Ir[;

[\ ] c imido-diacetate 15 mgimil Iﬂ;

S

Oligo R3 :‘;':!:"E";::"""" OV ey high phass mtio | 30 mgiml ilr

PepMap C18 grlﬁ'fuiiu T% carbon loading = = ?:
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MC Poros Metalochelataéni purifikace
his-tag proteinu

Ni?*"MC POROS

H5ooN

Perfuzni MC chromatografie 1 hodina
Agaroza MC chromatografie 2 hodiny
Gelova chromatografie 10 hodin

Petra Borkovcova

Cistota 95 %

{JHid




Kolona muze vypadat ruzn¢ . . .




C18
Zip Tip C4
Millipore MC

SCX




MULTIDIMENZIONALNI CHROMATOGRAFIE

kombinace odlisnych fyzikalnich a chemickych separacnich principu

= diskontinualni
» kontinualni

= dvoufazova kolona




ProteomelLab PF 2D

= chromatofokusace
= RP

4

1 2 3 4

Directed by the pH monitor, fraction
collection provides fractions according to pl.

Fractions from the first dimension are automatically injected in
the second, eliminating the need for manual transfer.

Partial pI/UV map of colon cancer cell line before and after treatment
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MULTIDIMENZIONALNI CHROMATOGRAFIE

PRO = velkeé objemy vzorku
= moznost koncentrace na kolon¢
* membranové proteiny, basicke proteiny
=" neni nutno barvit
* peptidy — pfime napojeni na MS
= automatizace

PROTI C
* vizualni aspekty ztraceny: pl a Mr

= LC je seriova analyza
* GE muze bézet souCasné pro vice vzorkl




KOMPLEMENTARITA METOD

2D GE

168

467

13%

49%

38%

2D-LC

M. Hecker, University of Greisfwald, bakterialni proteom, HUPO 2005
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GIGO




GIGO

GARBAGE IN - GARBAGE OUT




