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CGO010

Proteomika - disciplina zabyvajici se analyzou proteomu

v w@w

transkripce translace Posttranslacni uapravy
posttranskripcni dpravy posttranslacni modifikace
(alternativni sestrih aj.) (fosforylace, glykosylace aj.)

Proteinové komplexy

Metabolomika



CGo010

Proteomika - ProC?
z kazdého genu muzZe vzniknout nékolik proteint, resp. jejich
forem, které nelze indikovat na zakladé analyzy DNA resp. mRNA

neexistuje prima korelace mezi obsahem mRNA a vyslednym obsahem
proteint

funkéni vyznam proteinu zavisi velmi Casto na jeho interakci s jinymi
proteiny ¢i DNA/RNA

na urovni proteinu Ize zachytit epigeneticke faktory regulace exprese genu
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Naroc¢nost analyzy proteomu

& o 10'? Really Is Wide Dynamic Range

(Here on a linear scale)
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Slide courtesy Bruno Domon, ETH Zurich
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Narust znalosti genomu

31.12 02 7.12.04 9.10.06 17.10. 08 11.2. 11 26.3. 12 25.3. 13

B kompletni genomy http://www.genomesonline.org/cgi-bin/GOLD/index.cgi
M rozpracované projekty
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Hlavni nastroje pro studium struktury proteintu
G Hmotnostni spektrometrie (MS)

nejrozsirenéjsi technika pro charakterizaci proteinii 8
a jejich modifikaci (na zakladeé primarni struktury) | = 3

@ western blotting
@ proteinové Cipy

)

@ Nuklearni magneticka rezonance (NMR)

@ Rentgenova krystalografie

charakterizace vyssich urovni struktury
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Proteomické aplikace (MS-based)

analyza intaktnich molekul

(MW, kontrola produkti reakce MALDI-MS
profilovani)

identifikace proteinu
(diferencni proteomika, proteinové complexy, de

novo sekvenovani) 835 e
v S 923.34
v z+1 8
. - . e ‘ o phos
charakterizace proteinovych modifikaci A——— I-—‘
(fosforylace, acetylace,aj. ) cad e
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800 900 m/z

kvantifikace proteinu

(pomoci ,izotopickych® znacek , label-
free, MRM)
||







CGO010
Kontrola produkti syntézy
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Western Blotting vs Hmotnostni spektrometrie
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e - Actinin

instrumentalni narocnost

citlivost
jistota identifikace

CGO010

>gi|3157976|gb|AAC17470.1| alpha actinin [Homo sapiens]

MVDYHAANQSYQYGPSSAAMAWRRGSMGDYMAQEDDWDRDLLLDPAWEKQQRKTFTAWSNSHLRKAGTQI
ENIDEDFRDGLKLMLLLEVISGERLPKPERGKMRVHKINNVNKALDFIASKGIKLDFHRAEEIVDGNAKM
TLGMIWTITILRFAIQDISVEETSAKEGLLLWCQRKTAPYKNVNVONFHI SWKDGLAFNALTHRHRPELIE
YDKLRKDDPVTNLNNAFEVAEKYLDIPKMLDAEDIVNTARPDEKATIMTYVSSFYHAFSGAQKAETETAAN
RICKVLAVNQENCSTSMEDYEKLASDLLEWIRRTIPWLEDRVPQKTIQEMOQKLEDFRDYRRVHKPPKVQ
EKCQLEINFNSVQTKLRLSNRPAFMPSEGKMVSDINNGWQHLEQAEKGYEEWLLNETIRRLERLDHLAEKFE
ROKASTHEAWTDGKEAMLKHRDYETATLSDIKALTRKHEAFESDLAAHQDRVEQIAASAQELNELDYYDS
HNVNTRCQKICDOWDALGSLTHSRREALEKTEKQLEATIDQLHLEYAKPAAPFNNWME SAMEDLQODME IV
HTIEETEGLISAHDQFKSTLPDADREREAILHPQGGQRIAESNHIKLSGSNPYTTVTPQITINSKWEKVQQ
LVPKRDHALLEEQSKQQQOSNEHLRRQFASQANVVGPWIQTKMEETIATSIEMNGTLEDQLSHLKQYERSTIV
DYKPNLDLLEQOHQLIQEALTEFDNKHTNYTMEHIRVGWEQLLTTIARTINEVENQILTRDAKGISQEQMQ
EFRASFNHFDKDHGGALGRGVQGLPHQPGLRRGERPAGEAEFNRIMSLVDPNHSGLVTFQAFIDEMSRET
TDTDTADQVITSFKVLAGDKNFITAEELRRELPPDQAEYCIARMAPYQGPDGVRGALDYKSFSTALYGES
DL o

kDa




CG010
Kontrola vysledku reakce

1400
] 66617 .71 mass dlff ccal kDa
66617.71
1200
1000
] MW (adukt) = 250
69625.99
800
600 | Aﬁ \"4 14 14 [o]
| Pocet navazanych adukti
] 33241.80 “
| N=12
400 3480224 |
b 1
200 J‘
o M
j Wl “ G W‘W w W“‘M
0 T — T — T — T — T — T I B —
20000 40000 60000 80000 100000 120000 140000 m/z
/D=/Data/Zbynek/020205/BSA/2Lin/pdata/1 Administrator Fri Feb 22 13:59:04 2002




CGo010

MALDI-MS profilovani

@l — %

PCA analyza
vzorek extrakce MALDI MS «
peptidi/proteini (3 - 20 kDa) databa:fo';’_'el'-"' mMs
|

+ identifikace mikroorganizmiu

+ tfidéni vzorku (kontrola kvality potravin)
v



CGO010
Identifikace mikroorganizmu pomoci MALDI-MS

Sphingomonas paucimobilis

JtMmMLWWW

Aeromonas hydrophila
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CG010
Identifikace mikroorganizmu pomoci MALDI-MS

Acinetobacter calcoaceticus NIPH 2245T
Acinetobacter calcoaceticus NIPH 2155
[ | ——]Acinetobacter calcoaceticus NIPH 3804

identifikace na zakladé srovnani naméreného profilu s profilem z databaze

Detected Species | La... |
Q Brachyspira murdochii DSM 12563T DSM 2.267
o #zoarcus indigens YB32 MPE 1.164
o Paenibacillus palymysa DSM 741 DSM 1.127

spolehl @ Lactobacilus antri DSM 160417 DM 1.122
O Sphingobacterium spiritivorum D3M 11722T HAM 1.070
O Staphwlococcus schleiferi ssp schlgiferi DSM 4809 .., 1.068
@ azoarcus sp BH72 MPB 1.053
a acidovorax avenae ssp avenae DIM 7227T HAM 1.015
G Streptococous salivarius 165 M3 23 165 1.009
o Bacteroides Fragilis ME_9009 05 THL 1.006

@ uznana metoda v klinické praxi

tAcinetobacter nosocomialis NIPH 97
Acinetobacter nosocomialis NIPH 106

1 1 1 1 1 1 gk 1 1 1
1000 900 800 700 600 500 400 300 200 100 0

Distance Level




CG010
MALDI-MS profilovani pavouciho jeda (Zodariidae)

MSP Dendrogram
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] ‘ D ninnii 2
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- Z alacre 1

{ Z atlanticum 4
Z atlanticum 3
{ Z atlanticum 2

Z atlanticum 1

— - Zaleutejanum 2
Lz aleutejanum 1

{ Z merlijni 5
Z merlijni 2

Z merlijni 1
E Z merlijni 4
Z merlijni 3

r r r r r r r r r r

1000 900 800 700 600 500 400 300 200 100
Distance Level




~10 ]
851

Intens. [a.u
2564
3281

MALDI-MS profilovani piva

MALDI-TOF MS fingerprint containing proteins [
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Analyza profili —v¢asna detekce chorob CG010
(peptide profiling, pattern profiling)

[ ]
klastrova analyza

zadna €i minimalni MALDI MS, SELDI MS

uprava vzorku (3 - 20 kDa)
(ionex, IMAC, afinitni
sorbent)
Step 1: Discovery Step 2: Evaluation Step 3: Class Predietion
[ Training data | l Test data ‘ | Unknown samples
S = .
‘ ( ase ‘ [ Cunlml ‘
’ l\p[ 1 J Tg.pnz T'ype 1 T'ype 2
Profile Profile Profile Profile
Pattern ijl‘.vl.t]\(.‘l J Cluster analysis ‘
5
¥
i Lo
! =
j Case | | Conirol |




# of People

CGO010

Uncertain

X Normal X JiseaseClearly
Disease

Test Value ——

J. LaBaer et al., J. Proteome Res., 4 (4) 1053-1059 (2005).
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M. Ehmann et al., Pancreas, 34 (2) 205-214 (2007).
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Vyuziti MS pro vyhledavani biomarkeru

pfima MS analyza vzorku / Identifikace biomarkerﬁ\
(MALDI MS, SELDI MS)
Patt fili Separace
attern profiling GE. LC

srovnavani peptidového (proteinového)
sloZeni vzorku ,,zdravého“ a nemocného
(bez identifikace, statisticka analyza)

srovnavani peptidového (proteinového)
slozeni vzorku ,,zdravého“ a nemocného
(analyza obrazu)

MS
MS/MS

identifikace rozdilovych proteini

vCasna diagnostika chorob D

specificka protilatka

Imunodetekce
k Protein arrays /
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CGo010

Proteomickeé aplikace vyuzivajici ,pouze
identifikace proteinu
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Obecné schéma proteomického experimentu
Analyza komplexnich smési s cilem identifikovat jednotlivé komponenty

zachov. vzorku

izolace proteinu

proteinovy extrakt
(proteolyticke Stépeni)

vicerozmérna frakcionace/separace
zjednoduseni komplexni smési gelova elektroforéza, kapalinova chromatografie
pred viastni detekci kombinace separaénich principd

proteinove (peptidove) frakce

MALDI-MS/MS
LC-ESI-MS/MS

identifikovane proteiny



Separace proteinovych izolati na urovni intaktnich proteinu

-=- --- ---  in-solution
R digestion
— L
HPLC-UV Protein fraction Peptidy
collection

t b b N

== - -7 in-solution/ in-gel

dig_estion c"'r\\%) fn\_]/b fn\_]/b

Peptidy

IEF (in-solution, in-gel) Rt ‘ | H
& & e

Proteinové
frakce

CGo010

MS analyza
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Separace proteinovych izolati na urovni peptidi

In-solution shotgun proteomics

digestion
% > M MUD P I T (Multi-Dimensional Protein Identification Technology)

Protein mixture Peptides

1D (2D) HPLC — on-line/off-line IEF frakcionace LC-MALDI

N 9%
e

vzdy MS/MS analyza

AT A% A% 0 A0 A0




CGO010
Charakterizace proteomu

identifikace proteint ve spotech MS/MS technik

AN = P J

proteom stafylokokového faga 812, spoluprdce s prof. Doskdirem (UEB PiF MU)

Eyer L. et al.,Proteomics, 7 (1), 64-72 (2007)



CGO010
Ovéreni sekvence a urceni izoforem OBP proteinu

% sliny
% 2D gelova elektroforéza

% MS/MS vybranych spotil

Myodes glareolus
@ neni znam genom
@ nejsou protilatky .

spolupréce s PiF UK Praha Stopkova R., Zdrahal Z., Ryba S. et al, BUC Genomics 2010, 11:45
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Ovéreni sekvence a urceni izoforem OBP proteint
MALDI-MS/MS a LC-MS/MS
manualni interpretace spekter

ptvodni sekvence - QAELEGKWVTTAIAADNIDTIEEEGPMR (OBP3)
DAELEGTWYTTAIAADNVDTIEEEGPLR
HAELEGTWYTTAIAADNVDTIEEEGPLR
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CGO010
Charakterizace proteinovych komplext

funkcni proteomika

> 80% proteint je funk¢nich az po zacClenéni do komplexu

~ 10000 typt interakci
Aloy P, Russell R. B.: Nat. Biotechnol. 22 (10), 1317-1321 (2004)

@ vyhledavani novych interakci
@ moznost studia ,,celého” komplexu

purifikace
komplexu

-
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Purifikace proteinovych komplexii

in vivo exprese proteinu se znackou

a Immunochemical purification

Endogensous
complex

Purification
with antibody

(1) Washing
(2) Elution

T
1
¥
-

\

b One-step affinity purification

C Two-step affinity purification

~360s00

Protein sequence
fused to tag

Protein sequence
fused to tandem tag

(&) Homalogous recombination
(b) Transient transfection
() Retroviral gene transfar

{a) Homaologous recombination
(b} Transient transfection
{c) Retroviral gene transfer

Expression of
tagged protein

Expression of tagged
protein containing
two tags spaced by
a cleavable linker

O

l

Assembly of
complex containing
tagged protein

Assembly of
complex containing
tagged protein

Purification using
affinity column

First purification
step using affinity

2

against tag column against tag
{1} Washing (1) Washing
(2] Elution (2) Elution by clesvage

Second purification
step using affinity
column against tag

4—//:'-(

(1) Washing
(2) Elution

=-Vlcan

Purified protein

complex

T. Kocher, G. Superti-Furga: Nat. Methods, 4(10), 807-815 (2007).



CG010
Moznosti MS v analyze komplexii:

identifikace jednotlivych Clenli komplexu véetné posttranslacnich modifikaci
validace interak¢nich partnerti (odliSeni nespecifickych interakci)
urceni poméri jednotlivych ¢lent komplexu (stechiometrie)

urceni prostorové struktury komplexu (cross-linking)

A A - ' x .
Modul Core 64 0
odule CDRnﬂ 9&9 G Lhmo ('gc/ﬂ-:i

Module 35

Gavin A.-C. et al.: Nature, 440, 631-636 (2006).
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Charakterizace posttransiaénich modifikaci
priklad



CGO010
Proc¢?

pocet druhu PTMs > 400
pocet PTMs 90 000 (experimentalne identifikovanych)

230 000 (predikce)
(SwissProt, per = 530 000 proteinti)

i

U

G. A. Khoury et al., Sci. Rep. 1, 90, (2011); http://selene.princeton.edu/PTMCuration

...PTMs are known to act alone and in combination to regulate nearly all
aspects of protein function...

...Post-translational modifications (PTMs) occur on nearly all proteins. Many
domains within proteins are modified on multiple amino acid sidechains by
diverse enzymes to create a myriad of possible protein species. How these
combinations of PTMs lead to distinct biological outcomes is only

beginning to be understood...
A. P. Lothrop, M. P. Torres, S. M. Fuchs, FEBS Letters. 587 (2013) 1247-1257



Analyza fosfoproteomu CG010

zmény béhem bunééného cyklu
Olsen J.V. et al., Sci. Signal., 3 (104) ra3 (2010)

@ quantified 6027 proteins
@ quantified 20,443 unique phosphorylation sites

A

Regulated M phase Regulated S phase

e o afe gl e
5 7 LA o SF° PR,

o " & ey o e

Ribosome biogenesis [~ Matabalic processes
e [IMMILME response

RNA elongation

Cytokinesis
Actin cytoskelatal

L

Macromolecular
—  biosynthesis
Amino adid
biosynthesis

DMA replication
Chromosome condensation
=

- HELA bunky
- SILAC znaceni
- TiO2 frakcionace

- LC-MS/MS (Orbitrap)

Anti-apoptosis

— Muclear Export
Muclear transport
RNA export

DNA processing
P=DNA damage response
Stress response

Endosome transport
[~ RNA splicing/processing

Gene Ontology biological process

]|

—

Cell cycle

Protein ubiguitination
M phase

[~ Mitasis

Requlation of metabolic
processes

I\

I Ribosome biogenesis

The panels show the phenotypic phosphoproteome comparison organized by GO biological process for
mitotic (left) and S phase (right) cells. Proteins involved in metabolic processes have high-occupancy
phosphorylation sites during mitosis, but low-occupancy sites during S phase (color scale: yellow, high
overrepresentation; dark blue, high underrepresentation).



MALDI-MS celych proteint

CGo010
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MALDI-MS tryptickych digesti

CGo010

500

450

400

350

300

250

200

150 —

100

8.588

162

1360.618
1360.618
1437.600
1031]. 483
1757.872

2783%.3528

@ stejny protein

@ rozdilovy peptid

5626.770

3000
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Detail spekter digestu proteinu pred a po deglykosylaci

500

450

400

350

300

250

200

150

100

12783

PNGase A

objevil se peptid 2797, vedle peptidu 2795

180

bl

@ N-glykosylace
@ A,..=1169 Da

aver

peptid 3966 zmizel

2900 3100 3300 3500

3700 3900 m/z




Detail spekter digestu proteinu pred a po deglykosylaci

CGO010
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CGo010

Shrnuti vysledkii

trypticky peptid 2796 Da ...PHIFDYSGS...,
kde D vznikd z N po deglykosylact PNGasou A

puvodni sekvence je tedy ...PHIFNYSGS... (hmotnost 2795 Da)
Peptid potvrzen take LCMSMS analyzou (v glykosylovaném vzorku
digestu nebyl nalezen)

Hmotnost glykanu 1170 Da odpovida

xylose+fucose+3*mannose+2*N-acetylglukosamin

Nebyl ddle potvrzen MSMS technikami






Proteomické aplikace - kvantitativni studie
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Charakterizace zmén proteomu

diferencni proteomika

analyza obrazu 2-D gel
LC-MS/MS vybranych spotu s rozdilnou intenzitou

£48 &0 54 5.8 82 B8 TO T4

44 48 &2 -1 60 &4 64 72 A0
=]

44 48 52 58 60 &4 E8 T2 80

Acidithiobacilus ferrooxidans grown on ferrous iron (A) and elemental sulfur (B)

P. Bouchal et al., Proteomics 2006, 6, 4278-4285.
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Obecné schéma proteomického experimentu
Analyza komplexnich smési s cilem kvantifikovat jednotlivé komponenty pomoci
izotopicky odliSnych znacek

Vzorek A
H . Ve /e . [ 3% 4 v ’rek B
1Z kvantifikace bez pouziti izotopicky odlisnych znacek
,, label free* metody
extrakt A
statistické zpracovani nameérenych MS nebo MS/MS dat
rakt B
pocet vzorkii bez omezeni
neni tireba zadné derivatizacni reakce l
spolecn
mensi presnost peptidu
MS o
ace)
D ot .,,,.,‘...«MI«A\"M.-4a<s;,,_,,.Aw\‘m

MS or MS/MS analyza
relativni kvantifikace
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Charakterizace markerovych proteinu u kurat infi lmwnych salmonelou
relativni kvantifikace

) = ¢ ) — ¢
kontrola po infekci
l vzorky stény streva l
proteinové izolaty
l digesce trypsinem l
reduktivni alkylace

LC-MS/MS
data processing



CGO010

@ identifikovano vice nez 2300 proteinil
@ kvantifikacni udaj pro vice nez 1900

objasnéni molekuldarnich mechanizmu

nalezeni markerovych proteinu pro ¢asnou diagnostiku

!

ovéréni pomoci real-time PCR

spoluprace s VUVel Brno
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Cilena MS/MS analyza vybranych proteint
relativni /absolutni kvantifikace

multiple reaction monitoring (MRM)

screening — vybér kandidatniho proteinu
ptiprava metody (vybér MRM piechodil — peptid + vybrany fragment)
vlastni analyza a zpracovani dat

In-solution

% digestion - r\\.f/))

LC-MS/MS - MRM mode

v

Protein mixture Peptides L A
vysoka citlivost
Qi Q2 Q3
[ ] I ]
® o MRM |
v " .H /,\: g } Z| signal |
.' ) ) = () — O u- @ e 9 ¢ e E |
o ‘e :H N e J B I
[ ] ] [ ) e
Peptide Fragmentation Fragment
Selection Selection

http://www.srmatlas.org



@ vybér peptidi vhodnych pro kvantifikaci
@ absolutni kvantifikace pomoci AQUA peptidi

CGo010

Kvantifikace enterotoxint
cilena analyza vybraného proteinu

MRM

Intensity (1043)
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