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Transcriptome

Lipids
(Lipidome)

Metabolome =S

Metabolites

Phenotype/Function

http://en.wikipedia.org/wiki/File: Metabolomics schema.png
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Proteomika - disciplina zabyvajici se analyzou proteomu

e w @@

transkripce translace Posttranslacni apravy
posttranskripCni tpravy posttranslacni modifikace
(alternativni sestrih aj.) (fosforylace, glykosylace aj.)

Proteinove komplexy
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Proteomika - ProcC?
z kazdého genu mize vzniknout nékolik proteind, resp. jejich
forem, které nelze indikovat na zédkladé analyzy DNA resp. mRNA

neexistuje prima korelace mezi obsahem mRNA a vyslednym obsahem
proteinu

funkcéni vyznam proteinu zavisi velmi Casto na jeho interakci s jinymi
proteiny ¢1 DNA/RNA

na urovni proteinl 1ze zachytit epigenetické faktory regulace exprese genu



The Desperate Man, Gt

~ Courbet, 1844-45
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Analyza proteomu

charakterizace vsech protein
vcetné vsSech jejich forem v bunce
(tkani, organizmu) v daném case
za danych podminek

W- proteln -Z .

m
ot
pY’
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Genom versus Proteom
relativné stabilni soubor proteini v bunice v
sekvence DNA daném stavu a ¢ase, vCetné

jejich posttranslacnich

zavedeny (PCR) citlivych a spolehlivych technik
k identifikaci a kvantifikaci

Pocet organizmu 31.12.02 2.6.04 9.10.06 17.10.08 7.12.12 7.12.15

Genom hotov 116 192 431 862 3995 7747
Genom zapocat 586 906 1748 2371 15018 33572
702 822 2179 3233 19013 41319

zdroj: http.//www.genomesonline.org/
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Arabidopsis thaliana
Husenicek rolni

Genom 0.135 x 10°bp, ~ 27 000 genu

32 000 proteint

¢lovek - genom 3.3 x 10°bp, ~ 21 000 genti

http://www.uniprot.org/taxonomy/complete-proteomes
http://users.rcn.com/jkimball. ma.ultranet/BiologyPages/G/GenomeSizes. html
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Analyza MS profilu

Identifikace mikroorganizmu pomoci MALDI-MS

e

extrakce \

peptidu/proteinu

MALDI MS
(3 - 20 kDa) \

identifikace mikroorganizmu PCA analyza
databaze MALDI MS profila

taxonomie



MALDI-MS spektra (profily) vybranych bakterii C7250

2500 — Sphingomonas paucimobilis
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Grafické vyjadreni podobnosti MALDI-MS profila bakterii
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' n | n | | n | n | n | n | n | ] | n | n | n | n | n | n | n | n | n | ] I
- ‘ Staphylococcus saprophyticus CCM 3317 CCM
1
|
. . . r w r r v v r . . r A X
identifikace na zakladé srovnani naméreného profilu s profilem z databaze I
- 1
Detected Species | La.., | &N
O Brachyspira murdachii LSM 12563T DM 2267
G Azoarcus indigens YB32 MPE 1.164
G Paenibacillus palymy:<a DSM 741 DEM 1.127
G Lactobacillus antri DSM 16041T DSM 1.122
I i@ Sphingobacterium spiritivorum DSM 11722T HAM 1,070 M
G Skaphylococcus schleiferi ssp schleiferi DSM 4809 .. 1.063 M
@ azoarcus sp BH72 MPB 1,053 ¥
O Acidovorax avenae ssp avenae DIM 7227T HaM 1.018
O Streptococcus salivarius IBS_MS_23 IBS 1.009
T G Bacteroides Fragilis ME_3009_05 THL 1.006 'CM
LCM
1 4 Ll L] 1 4 L) :CM
@ uznana metoda v klinické praxi
CCM
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|
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Distance Level

L. Tvirzova, A. Teshim, 1. Sedlacek, A. Vordé, O. Sedo,, A. Kostrzewa, T. Meier
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Analyza profila —v¢asna detekce chorob C7250
W (peptide profiling, pattern profiling)

-_> —

zadna ¢i minimalni MALDI MS, SELDI MS klastrova analyza
uprava vzorku (3 - 20 kDa)
(ionex, IMAC, afinitni

sorbent)

Step 1: Discovery Step 2: Evaluation Step 3: Class Prediction

Training data | . Test data J l Unknown samples |
L E

Type 1 Type 2
Profile Profile

Tudkiy ity
| |

S

i =

| Case | | Control |

Up .




# of People

C7250

Uncertain

X Normal X JiseaseClearly
Disease

Test Value ——

J. LaBaer et al., J. Proteome Res., 4 (4) 1053-1059 (2005).

25,0 s
2251 ‘E-
s -'::
1?"5 1 --::E'::.
'-. [
15,0 4 .-."': *aen
125 4 its
10,0 1 -:=:':E:'::::
et 1
7,51 —
2.0 1
0.0
normal
M. Ehmann et al., Pancreas, 34 (2) 205-214 (2007).
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Vyuziti MS pro vyhledavani biomarkeru

pfima MS analyza vzorki Identifikace biomarkeru
\ (MALDI MS, SELDI MS) y 4
.
.
. Separace
P:lttern profiling 5 / GE. LC
srovnavani pep‘mového (proteinového)
sloZeni vzorku ,,zd?'a ¢ho* a nemocného srovnavani peptidového (proteinového)
(bez identiﬁkace,&stické analyza) sloZeni vzorku ,,zdravého* a nemocného
/ Y
/ S MS/MS
A N\
/ . identifikace rozdilovych proteini
specifita biomarkeru !!! ‘ specifick protilatka
Imunodetekce

SRM, SWATH/Protein arrays
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Comparison of human cancer cell line proteome and transcriptome

A .
—
B
126 frakci Exp1 10 5968 187008 21 days
72 frakci Exp2 10255 163784 12 days
Gel
Sliration '
Protein fractionation
1 D % Of expressad panss
(‘( l\ TomsEl mANAS Todel probains: l:: 1::' 3'3 a'l:l d-'ﬁ
16 B46 Transcripls 10 265 Proleins Muckaus
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(Ti’ W

WWW

11 B35 Ganas

LTQ-Orbilrap v efcs
MH o

B30T GENeE
Mambrane
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Mitochondrion
ER

Transcription fachors B Proteame
B Transcripiome

JxxT

Genes Genes .
Protein kinases

N. Nagaraj et al., Mol. Syst. Biol., 7, 548 (2011).
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Relativni kvantifikace proteomu pomoci MS

# Pomoci izotopickych znacek

(srovnani omezeného poctu vzorkit) ) .
Kvantifikace proteinu

replika 1

100% |

replika 2

replika 3

Fad

PV T W M T TPRRTT

# Pomoci ,label-free* pristupy
(srovnani neomezeného poctu vzorkii, mensi presnost)

Cilena kvantifikace vybranych proteinu pomoci MS

# MRM, SWATH



g ¥ C7250
Charakterizace zmén proteomu

diferencni proteomika

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

A i B pl

46 &0 54 5.8 82 &5 TO Ta 45 50 54 5.8 62 £4 TO 748

100.0
o i

o

sap ¢

b -
.

fikace (MS) od kvantifikace (intenzita sp
smeésne spoty

g

44 A8 &2 1] 60 &4 68 7T
5 4 7% a0 44 48 52 L o 60 &4 68 72 840

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

spoluprdce s Ustavem biochemie PFF MU
P Bouchal et al., Proteomics 2006, 6, 4278-4285.
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Vyhledavani markerovych proteinu u kurat infikovanych salmonelou
relativni kvantifikace ’

) = ¢ ) — ¢
kontrola po infekci
l vzorky stény streva l
proteinové izolaty
l digesce trypsinem 1
reduktivni alkylace

LC-MS/MS
data processing
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@ 1dentifikovano vice nez 2300 proteint
@ kvantifika¢ni idaj pro vice nez 1900

objasnéni molekularnich mechanizmu

nalezeni markerovych proteinu pro ¢asnou diagnostiku

!

ovéréni pomoci real-time PCR

spoluprdce s VUVel Brno
Matulova M. et al., Vet. Res., 44:37 (2013)



@ vybér peptidi vhodnych pro kvantifikaci
@ absolutni kvantifikace pomoci AQUA peptidi
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Kvantifikace enterotoxinu
cilena analyza vybraného proteinu

MRM
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SWATH MS C7250
Q-TOF, MS/MS < 10 ppm

m/z
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klasické DB prohleddvani nelze
srovnani s knthovnami ref. MS/MS spekter
Relativni 1 absolutni kvantifikace

L

R R Gillet et al, MCP, 11, 1-17 (2012)
celé MS/MS spektrum
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Shot gun vs SRM vs SWATH

source MS1 CID MS2
=
Shotgun < - - e L 7
2 - ¢ - _: ‘ @ . ® _'q:_,ly
e . '-. ‘ ® ™ E | I i
Scan Intensity-based Scan m/z
isolation
SRM/ = . ‘ o = |
MRM _ ~ = o e . =
® . ‘ . i |h
0.7 Da filtering 0.7 Da filtering Time
SWATH ® _- | oo >
- - — .. @
MS - ‘ [ ® , o .“Eﬁ pd &
: w
Sequential Scan m/z i
25 Da filtering 10 p.pm

Liu et al, Expert Rev. Mol. Diagn., 13(8), 811 (2013)



Shotgun
Proteome
coverage Accuracy

!terative L0a
biomarker ( ity
discovery . l sensitivity,
A Sample
‘ throughput

Dynamic Reproducibility
range

Bioinformatic
easiness

SRM/MRBM
Proteome
coverage Accuracy
lterative
biomarker —

discovery (sensitivity)

Sample
throughput

Bioinformatic
easiness

Dynamic
range

Reproducibility

C7250

SWATH-MS
Proteome
coverage Accuracy
lterative
biomarker jes)
discovery (sensitivity)
Bioinformatic Sample
easiness throughput

Reproducibility

Dynamic
range

Figure 3. Performance profiles comparing technical advantages and disadvantages of shotgun proteomics, SRM and SWATH
MS. In the radar chart, analytical variables are presented on axes staring from the same point and each variable is represented by a
spoke. The length of a spoke indicates the magnitude of the variables. Note that SWATH-MS combines the strengths of shotgun and
SRM technologies; however, requires more powerful bioinformatic tools for data analysis.
LOQ: Limit of quantification; MRM: Multiple reaction monitoring; MS: Mass spectrometry; SRM: Selected reaction monitoring.

Liu et al, Expert Rev. Mol. Diagn., 13(8), 811 (2013)
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Clinical samples =—
Antibody

involvement

Biomarker discovery: shotgun
proteomics (<10 s samples)

100-1000s proteins

Biomarker selection:
statistics and literature

1-10s candidates

ELISA verification
(10-100 s samples)

Unsatisfied

Exploratory studies
and literature

10-100 candidates —

B
Assay retrieval from mass
spectrometric maps

Clinical samples

@de antibody
| ¥ enrichment or not

Multiplex SRM measurements
(10100 s samples)

Results
Good

Validation publication

Results
Good

J
Validation publication

J Unsatisfied

Clinical samples
(10-100 s)

1

Acquisition of SWATH
digital maps

Biomarker selection:
interests and literature

Assay retrieval from mass
spectrometric maps

Fieéults

Good
1

Validation publication

Targeted extraction
and statistics

Unsatisfied

Mass spectrometry
involvement

Liu et al, Expert Rev. Mol. Diagn., 13(8), 811 (2013)
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Analyza fosfoproteomu — ruzné typy frakcionace

Hela cell protein extraction and trypsin digestion
{totally 40mg peptides)

Phosphopeptides enrichment by IMAC

(one fourth of phosphopeptides for each workflow)

a8/ N\ T4

Phosphopeptides
separation by SCX

Phosphopeptides
separation by HILIC

Phosphopeptides

separation by ERLICV

Phosphopeptides
separation by ERLIC-V

Collect fractions

Collect fractions

Collect fractions

RPLC-ESIHMSMS

RPLC-ESIHSMS

RPLC-ESIHSMS

Collect fractions

RPLC-ESIMSMS

ERLIC - Electrostatic Repulsion-Hydrophilic Interaction Chromatography

Chen et al., J. Chromatogr. B, 879, 25 (2011)



Analyza fosfoproteomu — ruzné typy frakcionace

B SCX HILIC W PS
pT

86.46% 86.87%

{3901) 11294%  (3923) 112.67% = pY
/(584 J (572)
0.6% 0.47%
(27) (21)

ERLIC-nV ERLIC-V
85.26%
(4591)
B042 (84 .98%) A

1349 (14.26%)
4

72 (0.76%)

Each method — over 4000 phoshopeptides
In total — 9069 phosphopeptides — 9463 sites / 3260 proteins

C7250

scX
HILIC

M ERLIC-nV
ERLIC-V

Chen et al., J. Chromatogr. B, 879, 25 (2011)



Analyza fosfoproteomu — kvalita a kvantita

C7250

. PM 1h PM 6h PM 24h
Porcine muscle T o
é- é_.. . Y E_,, o O
Postmortem changes g *';_.;_ i‘a_'f‘

Light

Protein digestion and dimethyl labeling

Medium Heawy
Mixed 1:1:1 . . .
\ : / 160 phosphoproteins with 784 sites
o identified
I T B 184 phosphorylation sites on 93
e T i proteins had their phosphorylation
levels significantly changed.

SIMAC

Non-phosphorylated
peptides

|

HILIC and LC-M5/M5S

11 ||- hl
mix

" T—_ Basicelution
; —

Acid elution and — o p
Ti0, chromatography P =
p
b pop

.p p

Multi-phosphopeptides

Mono-phosphopeptides
ik LC-MS/MS

Ly ] L .--.-‘.-I
.

Huang et al., J. Proteomics, 106, 125 (2014)

HILIC and LE‘MS!MS

‘JI |||
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Analyza fosfoproteomu — kvalita

Porovnani replikatt

Number of identified
phosphopeptides

¥ Replicate 2
B Overlapped
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Proteins

C7250

Huang et al., J. Proteomics, 106, 125 (2014)



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

@ quantified 6027 proteins

@ quantified 20,443 unique phosphorylation sites

- HELA bunky
- SILAC znac€eni
- TiO, frakcionace

- LC-MS/MS (Orbitrap)

A

Gene Ontology biological process

—

Regulated M phase

oo P e cpie Qg}"
o5 _\C,_JQ" LA

L

]|

Ribosome biogenesis
b Immune response
RNA elongation

Macromolecular
—  biosynthesis
Amino adid
biosynthesis

Anti-apoptosis

— Muclear Export
Muclear transport
RNA export

Endosome transport
[~ RNA splicing/processing

Cell cycle

Protein ubiguitination
M phase

[~ Mitasis

Requlation of metabolic
processes

Regulated S phase

m S P o Qg}“
P RS L

I\

CGO010

t— Metabolic processes

Cytokinesis
Actin cytoskelatal

DMA replication
Chromosome condensation
=

DNA processing
P=DNA damage response
Stress response

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).



Hodnoceni ucinku inhibitoru histonovych deacetylaz

@ to establish a set of methods

- HDAC Fluorimetric Cellular Activity Assay Kit
- MALDI-MS of N-terminal part of histones (after Glu-C digestion)
- AUT-AU 2-D GE combined with LC-MS/MS analysis

C7250

Valproic acid
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Cincarova et al, Mol. Biosyst. (2012)




Hodnoceni ucinku inhibitoru histonovych deacetylaz

C7250
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Hodnoceni ucinku inhibitoru histonovych deacetylaz




Hodnoceni ucinku inhibitori histonovych deacetylaz

C7250

AUT-AU 2-D GE of histone extract

"
H3
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Hodnoceni ucin

C7250

ku inhibitoru histonovych deacetylaz
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Hodnoceni ucinku inhibitoru histonovych deacetylaz

Zmeény jednotlivych acetylovanych forem v zavislosti na ¢ase inkubace

C7250
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C7250
Charakterizace proteinovych komplextu

Junkcni proteomika

> 80% proteint je funkénich az po zaclenéni do komplexu

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

@ vyhledavani novych interakénich partnert
@ moznost studia ,,celého” komplexu

purifikace
komplexu

-
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Purifikace proteinovych komplexi

a Immunochemical purification

Endogensous
complex

Purification
with antibody

(1) Washing
(2) Elution

in vivo exprese proteinu se znackou

b One-step affinity purification

35000\

Protein sequence
fused to tag

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

Expression of
tagged protein

Assembly of
complex containing
tagged protein

Y
Q=
Purification using
affinity column
against tag

(1) Washing
(2) Elution

Purified protein
complex

/

C Two-step affinity purification

30000\

-
%%r

2
=

Protein sequence
fused to tandem tag

(@) Homologous recombination
(b) Transient transfection
() Retroviral gens transfer

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

Assembly of
complex containing
tagged protein

First purification
step using affinity
column against tag

(1) Washing
(2) Elution by cleavage

Second purification
step using affinity
column against tag

(1) Washing
(2] Elution

Riz-ican

T. Kocher, G. Superti-Furga: Nat. Methods, 4(10), 807-815 (2007).
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Moznosti MS v analyze komplexii

identifikace jednotlivych ¢lentt komplexu vcetné posttranslaénich modifikaci
validace interak¢nich partnert (odliSeni nespecifickych interakci)
urceni pomérl jednotlivych ¢lent komplexu (stechiometrie)

urceni prostorove struktury komplexu (cross-linking)

Q= - )
Sevi ST - Osmz e ™S
Module Core 64 Ty
123 CD Rnt1 g% C U‘\Fﬂ O - éc/m

Module 35

Gavin A.-C. et al.: Nature, 440 (30), 631-636.
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Identifikace jednotlivych ¢lenii komplexu

ctrl komplex

|

digesce in gel

) LC-MSMS

ctrl komplex

= =/
| fl Vo
L ./

sample prep

b

digesce in solution

Vo

LC-MSMS

mozno oznacit proteiny znackami pro relativni kvantifikaci a
a vzorky spojit




Potvrzeni interak¢nich partneru
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{(Control)
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®! -
[z <
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f_‘(‘_/\‘_/—-\
""" Gt
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| |
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Ovéreni sekvence a urceni izoforem OBP proteint
de novo sekvenovani

% sliny
% 2D gelova elektroforéza

% MS/MS vybranych spotu

Myodes glareolus
@ neniznam genom
@ nejsou protilatky .

SpOhlpI'éICG s PiF UK Praha Stopkova R., Zdrahal Z., Ryba S. et al, BMC Genomics 2010, 11:45



Ovéreni sekvence a urceni izoforem OBP proteinu
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RNA analysis
(FS CU Prague)

v

proteomic analysis
(FS CU/Proteomics CF)
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Ovéreni sekvence a urceni izoforem OBP proteint

MALDI-MS/MS a LC-MS/MS
manualni interpretace spekter

ptivodni sekvence - QAELEGKWVTTAIAADNIDTIEEEGPMR (OBP3)
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M) Imaging
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MALDI-MS imaging

samples:
B fresh frozen tissue sections

B individual cells or clusters of cells isolated by
laser-capture microdissection or contact blotting
of a tissue on a membrane target.

MS analysis
F systematické scanovani plochy vzorku bod po bodu

B  obraz odpovida plosné distribuci jednotlivych m/z
II‘ distribuci peptidii resp. proteinu



MALDI-MS imaging

Frozen Secton

WS Images

Matrx Application

MALDI TOF
lMass Spectrometer
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* Laser

M. Stoeckli, T.B. Farmer, R.M. Caprioli: J Am Soc Mass Spectrom, 10, 6771 (1999)
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3. Meurotensin was added to the ink of a printer. The
mass spectrometry image (a) (100 » 50 pixels, 3 = 1.5 mm) ob-
tained of the protonated neurokensin peak matches with the
optical image (k).



MALDI-MS imaging
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Figure 8. IMS analysis of a 12-um coronal mouse brain section. (a) Photomicrograph of a Cresyl Violet-stained section showing different
anatomic brain substructures. (b) MALDI-MS protein profile obtained after homogeneous matrix deposition averaging all of the individual spectra
acquired from the section. (c—g) lon density maps obtainad at different m/z values with an imaging resolution of 100 gm. The ion density maps
are depicted as pseudocolor images with white representing the highest protein concentration and black the lowest.

Chaurand et al:Anal. Chem.2004,76,1145-1155
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MALDI-MS imaging

Degradation of Ang III and Ang-(1-7) in mouse kidney sections.

Ang lll degradation

Grobe N. et al, Am. J. Physiol. Endocrinol. Metab., 302 (8), E1016 (2012)
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