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ATPase molecule Photograph by Science Photo Library | Fine Art America



https://fineartamerica.com/featured/8-atpase-molecule-science-photo-library.html

Proteiny jsou zakladem zivota

r

~

Proteins are responsible for both the
structure and the functions of all
living organisms.

Genes are simply the instructions for
making proteins.

IT IS PROTEINS THAT MAKE LIFE.

Wy,

http://www.biology-pages.info/P/Proteomics.html



vV Vv

No® Viuh X/ & Y

Funkce proteinu

Strukturni/stavebni proteiny — kolagen, elastin, keratin
Pohybova funkce — myosin, aktin

Transportni proteiny — hemoglobin, myoglobin,
membranové pienasece

Regulaéni funkce — hormony (insulin), transkripcni faktory
Katalyticka — enzymy (proteazy, kinazy, fosfatazy)
Obranna funkce — protilatky (imunoglobuliny)

Zasobni proteiny — ferritin, ovalbumin, kasein



Syntéza proteinu

co se muze stat
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sl protein funkéni protein
Posttransla¢ni apravy
posttranskripcni upravy posttranslacni modifikace
( aj.) (fosforylace, glykosylace aj.)

Proteinove komplexy


https://vcell.science/project/transcription
https://vcell.science/project/mrnasplicing
https://vcell.science/project/translation

Nobel Prize in Physiology or Medicine 1968 - R. W. Holley, H. G. Khorana, M. W. Nirenberg

Syntéza proteinu - translace

I The Standard Genetic Code

| BEE-)

translation stop codon

amino acids

L hydrophilic non-charged

positively charged amino acids

cbm.msoe.edu

UUU =» Phe F UCU =+ Ser UAU = Tyr UGU=Cys C| U

U UUC =+ Phe F UCC =» Ser UAC =» Tyr UGC=»Cys C| C
"UUA=>leul| | UCA=>Ser 5| | UAA =»Stop | | UGA =>Stop | A
UUG =¥ Leu L UCG = Ser UAG ™ Stop UGG = Trp W| G

CUU = Leu L CCU =» Pro P CAU =+ His CGU'*ArgR U

C CUC=»leulL| | CCC=Pro P| | CAC = His CGC = Arg R| C
CUA=»leul| | CCA=Pr0o P CAA = GIn CGA =» Arg R| A

CUG ™ Leu L CCG =» Pro P CAG ™ GIn CGG =*Arg R| ¢
AUU =» Ile T ACU = Thr AAU =» Asn AGU = Ser S| U
AUC = Ile I ACC =» Thr AAC =» Asn AGC = Ser S| C

A AUA =+ Ile I ACA =» Thr AAA =» Lys K AGA =» Arg R| A
AUG =» Met ACG =» Thr AAG ™ Lys K AGG = Arg R| G
GUU =» Val V| | GCU =» Ala A GGU =Gly G| U
GUC =» Val V| | GCC =» Ala A GGC =»Gly G| C

G GUA = Val v GCA = Ala A GGA = Gly G| A
GUG =* Val v GCG = Ala A GGG = Gly G| ¢
translation start codon hydrophobic amino acids . negatively charged amino acids cysteine




Nariast znalosti genomiu

350000
Projects by Domain
250,000 — ARCHAEA
300000 — BACTERIA
—— EUKARYOTE

200,000

311202 7.12.04 9.10.06 17.10.08 11.2.11 253.13 7.12.15 3.2.17 30.1.19 23.21 31.1.22 6.2.23

mcompleted W permanent drafts  mincomplete
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https://gold.jgi.doe.gov/

@ z kazdého genu mize vzniknout né€kolik proteint, resp. jejich
forem, které nelze indikovat na zaklad¢ analyzy DNA resp. mMRNA

@ neexistuje piima korelace mezi obsahem MRNA a vyslednym obsahem
proteinli

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

@ na urovni proteinll lze zachytit epigeneticke faktory regulace exprese genu

Nutnost studia bunéénych procesu na Grovni proteini

11




Proteom

soubor vSech proteinu produkovanych v bunce, tkani nebo organismu

the word “proteome” is derived from PROTEins expressed by a genOME, and

it refers to all the proteins produced by an organism
Marc Wilkins in 1994

Proteotyp

soubor vSech proteint v€etné vSech jejich forem v bunice (tkani, organizmu)
v daném Case za danych podminek

12



Genom vs Traskriptom vs Proteom
komplexita proteomu

Genome L Transcriptome X Proteome
(~20000-25000 genes) ) ~ (~100 000 transcripts) _ " (>1 000 00O proteins)
Alternative splicing Post-translational

mRMA editing maodifications _

https://zochergen564s20.weebly.com/post-translational-modifications.html

poCty uvedeny pro Clovéka (lidskou bunku)
13



Posttranslacni modifikace
komplexita proteomu

Nejznaméjsi druhy PTMs Signalni drahy

O
& fosforylace ©
-l g.ly.kosylace o ® ®
@ lipidové modifikace
& metylace b
& acetylace ° ©
@ ubikvitinace O
° @)
Rozdilné vlastnosti, struktura 1 velikost

4 O

Interakce
proteintl s
membranou

Regulace
exprese gent

14



http://vcell.ndsu.nodak.edu/animations/
https://vcell.science/project/insulinsignaling

Posttranslac¢ni modifikace
komplexita proteomu

400
90 000 (experimentaln¢ identifikovanych)

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

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

pocet druhu PTMs
pocet PTMSs

a v

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

...Post-translational modifications (PTMSs) 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
15



p53 tetramer bound to DNA

Protein p53

p53 exerts irreplaceable anti-neoplastic
functions at homeostasis and thus is
considered to be 'the guardian of the genome"'.

p53 is able to coordinate a regulatory network
that supervises and responds to a variety of
stress signals:

» DNA damage

» aberrant oncogenic activation

> t.elomere gresion https://www.promegaconnections.com/when-good-

» ribosomal stress proteins-go-bad/

> loss of cell-cell or cell-matrix adhesion

» hypoxia

Mutations of p53 or disruptions of p53 coordination,
to a lesser extent, can disturb the normal physiological balance,
if genome disarrangement reaches a critical value it leads to cancer

16
B. Gu et al, Int. J. Biol. Sci. 2012, 8, 672-684.
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Genom vs Proteom
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https://www.discovery.org/education/2019/11
/19/needle-in-a-haystack-school-innovation/
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https://news.artnet.com/art-world/artist-hunts-needle-
in-haystack-in-paris-168135 _—

inspirovano obrazkem prof. B. Do
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Proteomika

Proteomika - disciplina zabyvajici se analyzou proteomu

Proteomics is the large-scale study of proteins.

More inclusive definition combines protein studies with analyses that
have a genetic readout such as mRNA analysis, genomics, and the yeast
two-hybrid analysis (Pandey A, Mann M Nature. 2000 Jun 15;
405(6788):837-46)

Vznik a rozvoj proteomiky byl a je podminén vyvojem:

» sekvenovani DNA a takto databazi proteinovych
sekvenci

» hmotnostné spektrometrické instrumentace

» SW nastroji pro zpracovani MS dat

19



Differenéni (expresni) proteomika

Kvalitativni a kvantitativni srovnani proteomu (proteotypi)
- ur¢eni zmén V regulaci proteinti a jejich forem (PTMs), které
nastaly v disledku vnitinich ¢i vnéjSich podnéti.

kontrola stres

(e

Rhodotorula glutinis 20
spoluprace s prof. Marovou, FCH VUT Brno



Differenéni (expresni) proteomika

Tdrt-cartoon-detective-
lass-illustration-

https://pngtree.com/fré\_ 3

searching-for-treasug=#
Dnes — LC-MS/MS vector_11067339.htnw @

5 [PGID |_|Amessm |_|Dem1ptm

Up-regulated

/ . |PGID [ |Accession || Description




Cilena proteomika

Sledovani kvantitativnich zmén vybranych proteinu (napi. biomarkerti) ve vzorcich.

Stanoveni enterotoxinu (S. aureus)

| Ms

200 +

o
o

Intensity (1043)

100 +

50 +

22.3

_interni std

»

LC-MS/MS (MRM)

Retention Time
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Funkéni proteomika

Studium interakci proteind (proteinovych komplexii) a jejich funkéni vyznam.
- identifikace interak¢nich partnera
- vznik a architektura proteinovych komplexi
- interakce proteint S jinymi molekulami (RNA, DNA metabolity aj.)

A Drosophila Protein Interaction Map

CSN signalosome  Aminoacyl-tRNA

Protein transportiocalization \

basal lamina

Nuclear pore

Flotillin complex

Snap/SNARE complex
protein acetyltransferase complex Y

— Steroid metabolic process
Mediator complex e

MCM complex _\__n}\‘:

Proteasome complex
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L. Kozakova et al., -'
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= .' - il
Cell Cycle, 14 (6), 920-930 (2015) R \ / .

DNA replication factor C complex
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s - -
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K.G. Guruharsha et al., Cell, 147, 690-703 (2011) 23



Strukturni proteomika

Studium vyssSich arovni proteinové struktury (terciarni, kvarterni) a vztahu struktury k
funkci proteinu.

\ y
y T T4

Liver carboxylesterase 1

https://www.shutterstock.com/search/cesl

Strukturu formuji rzné typy vazeb — iontové interakce, vodikové mustky, van der Waals sily nebo
disulfidické mistky. 24



Naro¢énost analyzy proteomu

Proteoformy-— deseti tisice forem proteinii (PTMS, zkracené formy, mutace...)

Kvantita — Siroké rozpéti koncentraci

Kvalita — tisice proteint (identifikace)

v

25



Nucleosome Core Particle Bound To Dna by Science Photo Library



http://fineartamerica.com/featured/2-nucleosome-core-particle-bound-to-dna-science-photo-library.html

Hmotnorstni specktrometrie

hlavni technologie pro analyzu proteomu

umozniuje soucasnou kvalitativni i kvantitativni charakterizaci tisict proteinu

science.org

27



Struktura proteinu

(Prim:irm’ struktura (pofadi aminokyselin): \

MAPLLAAAMNHAAAHPGLRSHLVGPNNESFSRHHLPSSSPQSSKRRCNLSFTTRSAR
VGSQNGVOMLSPSEIPQRDWEFPSDFTFGAATSAYQIEGAWNEDGKGESNWDHFCHNH
PERILDGSNSDIGANSYHMYKTDVRLLKEMGMDAYRFSISWPRILPKGTKEGGINPD
GIKYYRNLINLLLENGIEPYVTIFHWDVPQALEEKYGGFLDKSHKSIVEDYTYFAKV
CFDNFGDKVKNWLTFNEPQTFTSFSYGTGVFAPGRCSPGLDCAYPTGNSLVEPYTAG
HNILLAHAEAVDLYNKHYKRDDTRIGLAFDVMGRVPYGTSFLDKQAEERSWDINLGW
FLEPVVRGDYPFSMRSLARERLPFFKDEQKEKLAGSYNMLGLNYYTSRFSKNIDISP
NYSPVLNTDDAYASQEVNGPDGKPIGPPMGNPWIYMYPEGLKDLLMIMKNKYGNPPI
YITENGIGDVDTKETPLPMEAALNDYKRLDYIQRHIATLKESIDLGSNVQGYFAWSL

CDNFEWFAGFTERYGIVYVDRNNNCTRYMKE SAKWLKEFNTAKKPSKKILTPA j

Terciarni (prostorova) struktura

Sekundarni struktura

1 F} g Fy H2 E EE Hi H4 E E

LSFPSEIFPQRIWEESDETERGAATS AY QT EGAWNEDGKGESNWDHECHNHEER ILDGSN ST
17 ) 25 E4] 35 4b 45 sb 3] 2] &5 h

E H5 HE A HT E E E HZ

GANSYHMYKTDVREL LK EMIMODAYR ES [ SWERILPKGTHEGS INPDG IKYYRHMLINLLLEY
T ab ak b of 100 105 1o L8 130 [ 1o
2

& . He o B B HLL 55 " EHl_

s ¥
GIEFYVTI FAWDV EQATEEKYSS FLOK SHKS T VEDYTY FAKVC FON FGDR VMWL TEHDE
[EE] 140 1ds 150 155 5] 185 170 175 1do 195 190

Aol Tal T I RAANANAS—L

QTFTSFSYOTOVFARPSRCS POLDCAYE TONS LYERPYTASHN I LLANAEAVDLYNKHYKRD
193 00 205 o G EED] 235 130 235 o 2ds 150

Kvarterni struktura

.

v

o
N
(b

L

v,
Tt

.
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Historie hmotnostni spektrometrie

Thomson J.J. (1856 — 1940)
On the Masses of the lons in Gases at Low Pressures
Philosophical Magazine, 1899, 48:295, p.547-567

1906 — Nobelova cena za fyziku
for theoretical and experimental investigations on
the conduction of electricity by gases

J.J. Thomson working with his cathode ray tube (https:/mww.probashionline.com/jj-thomson-nobel-prize-factory/)

Thomson's investigations into the action of electrostatic and magnetic fields on the nature
of so called "anode rays" or “canal rays" would eventually result in the invention of the
mass spectrometer (then called a parabola spectrograph) by Francis Aston (Nobel Prize
for Chemistry 1922), a tool which allows the determination of the mass-to-charge ratio
of ions and which has since become an ubiquitous research tool in Chemistry.

» «. BY this means there is attained what is known as a mass spectrogram, that is to say a
series of lines in which each line corresponds to a certain atomic weight.

Dr. H.G. Soderhaum — 1922
P.S. syn a sedm jeho studentu ziskalo Nobelovu cenu 29



Historie hmotnostni spektrometrie

Prvni ¢esky hmotnostni spektrometr - 1953
V. Cermak, V. Hanus, C. Jech, J. Cabicar

Foto prevzato z prednasky dr. M. Polaska
30



Hmotnostni spektrometrie - dnes

“Life"ology
m timsTOF Ultra (Bruker)

Orbitrap Astral™ (Thermo)

31



Princip hmotnostni spektrometrie (MS)

meéteni poméru relativni molekulové hmotnosti a poctu nabojt (m/z) ionth
analyzovan¢ latky
m - hmotnost iontu

|
 vakuum vakuum Z — pocet ndbojii
|
|
1 1 4 H 1
| ontovy | [Hmotnostnil g o1 tor
: zdroj analyzator
|
zakladni operace:

2 ionizace molekul analyzované latky
9 separace ionti podle jejich poméru m/z
@ detekce ionti

vysledek:
@ hmotnostni spektrum - z§ |

: gicnzity iontil na jejich m/z
a¢eni hmotnosti iontu,
d€ molekularniho 1ontu

S
t hmotnosti celé molekuly

2955 m/Z 32



Prilom v MS proteinu

Nové ,,Setrné* ioniza¢ni techniky (polovina 80. let 20. stoleti)

zéakladni predpoklad pro Siroké vyuziti MS pro analyzu biomolekul

Koichi Tanaka
Shimadzu Corp., Kyoto, Japan

MALDI

ionizace laserovou desorpci za ucasti matrice

KARAS M., HILLENKAMP F.

Laser Desorption lonization of Proteins with Molecular Masses
Exceeding 10000 Daltons

Anal. Chem., 60 (20): 2299-2301 (1988)

(Nobelova cena 2002)

John B. Feﬁn
Virginia Commonwealth University,
ESI Richmond, USA

ionizace elektrosprejem
33
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https://pixels.com/featured/tobacco-rubisco-molecule-laguna-designscience-photo-library.html

Moznosti hmotnostni spektrometrie v proteomice

Analyza intaktnich molekul
(MW, MALDI-MS profilovani)

Identifikace proteint
(i de novo sekvenace)

Charakterizace interakci proteinu
(proteinové komplexy)
756.35 c7
z+;|7 S 923.384
. s L i h b h I
Charakterizace proteinovych modifikaci 1 E ‘j 051 ——
miz =
ol N
" 800 900 Im/z
Kvantifikace jednotlivych proteinu i komplexnich
smeési
(relativni a absolutni kvantifikace) M
o ‘ A

35



Aplikace s vyuzitim analyzy intaktnich molekul

36



MALDI-MS profilovani

@—4— L] —

vzorek extrakce MALDI MS PCA analyza

peptidu/proteint (3 - 20 kDa) databaze MALDI MS
profilu

+ identifikace mikroorganizmi

+ tfidéni vzorkl (kontrola kvality potravin)
v

37

bruker.com



Identifikace mikroorganizmu pomoci MALDI-MS

| 1

identifikace na zakladé srovnani naméfeného profilu s profilem z databaze

Detected Species | La... |
20 Q Brachyspira murdochii D&M 12563T DSk 2.267
o #zoarcus indigens YB32 MPE 1.164
o Paenibacillus palymysa DSM 741 DSM 1.127
O Lactobacillus antri DSM 16041T DM 1.122
O Sphingobacterium spiritivorum D3M 11722T HAM 1.070
15 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
10
@® uznana metoda v klinické praxi
5
e L L
o st APl wh ‘ | tbaln, LJWMWMWJMWMMWMUULMMWLMM

5000 7000 9000 11000 m/z




Tridéni sladovych je¢menu pomoci MALDI-MS

b) Wintmalt SK B
Wintmalt 5K G
Wintmalt SK &

Kangoo B
Ebson ©
Bojos B

Esterel C
Esterel A

|
—
Malz CZ B
halz SK B
Male L &
Esterel B
Ebson B
| Malz CZ ©
_
—

Ebson A
Bojos ©
Bojos A
Akeent B
Akcent C
_ Akcent A
_ Malz SK A
| —Tipple C

halz SK C
Kangoo A
Tipple B
Kangoa G
Tipple A
Wintmalt CZ C

[Wintmalt CZ B
TWintmalt CL A

Sedo O. et al., Food Chemistry 206, 124-130 (2016)

Kontrola kvality dodanych
sladovych je¢menti

Rychlé alternativa k zavedenym
technikam

39



Analyza profilia —vCasna detekce chorob

—l (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 ‘ V Test data ’ I Unknown samples
¥ SERT i ‘
I Case l ‘ Control ‘
v
Type 1 Type 2 Type 1 Type 2
Profile Profile Profile Profile

T Jug
1

| } 1

Pattern dlsco\ er) ] I Cluster analysis }
[ [ AL e
| e
[ Case l I Control l
L U/ N\ v




Uncertain

X Normal X JiseaseClearly
Disease

# of People

Test Value ——

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

NSCLC - Bronchoalveolar Carcinoma
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MALDI-TOF-MS spectra of N-glycans after

desialylation

@ Man; O Gal; M GIcNAc; V Fuc

Lattova E., J. Proteome Res., 15 (8), 2777-2786 (2016)

Large Cell Carcinoma
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Bacteriophage portal protein Photograph by Science Photo Library | Fine ...



https://fineartamerica.com/featured/bacteriophage-portal-protein-science-photo-library.html

Identifikace proteinu
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Identifikace proteini hmotnostni spektrometrii

bottom up

. B

top down

. =

separace

digesce
(specifickou proteazou)

separace

. 2

. 2

MS
MS/MS
smési peptidu

. =

. =

MS/MS
fragmentace
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lon source (ESI)

ms?*

MS a MS/MS

MS

tandemova hmotnostni spektrometrie

Mass selection
(m/z isolation)

1
1h
[N Al
1
! 1 lon activation
\ ,' (CID, photons, electrons)

m/z celého iontu (peptidu)

MS/MS

MS?

Detection of
fragments

ms?

m/z fragmentt

vzniklych fragmentaci celého iontu

precursor (parent) ions

(peptidu)

product (daughter) ions
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Fragmentace peptidu - MS/MS

MS peptidu

2

MS/MS peptidi : : ; ,
| [ 1 | +
| | | |
N-terminus .+.+m C-terminus
| | : |
b- ion serie : ’ y- 1on serie
, @ G000 000 O

g
:
:
:

2

Seg
w

b
b
b

4
fragmentaCni mapy pro jednotlivé peptidy 47
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https://www.youtube.com/watch?v=fqfyyravJkA

Fragmentace peptidu - MS/MS

Mydes glareolus

'S5 x104
. 770.230
%) ]
5
= 3.0
_ W — P 4+ N =+ /L 4+ L -U-VL+T-I-N-I-D—l—E—l—196.14—l—F—l—E—l-T-lnL2£_3'7.282‘?ll
-V 4+ P A
2.5+
] I- /L #+ T | == E == [F == 19614 == E == D == N =+ T = /L =+ [/lL =+ /L &= N =+ P == W =— 146.10 |
F P+ VA
2.0 657,128
- 527.044
383309 1098.472
1 [~ ! 38
154 430058 1536.704
1.0 1
] 1290.475
984,406 i
T 2405525
_ 326.006 1685.765
0.5 |
196.996 1915.868 2173.086
oo—- N I
250 500 750 1000 1250 1500 1750 2000 2250 2500
m/z
Ovéreni sekvence a urc¢eni izoforem OBP proteinu 48



Identifikace proteinu
Analyza komplexnich smeési
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Zakladni schéma proteomické analyzy

& spravné naplanovany experiment

nutnost vicekrokovych postupti
& izolace proteinii
& separace / frakcionace
& postupy pro oddéleni modifikované frakce od zbytku vzorku
& derivatizace, enzymaticka uprava...

' zachovani puvodniho stavu !!!

spravne nastaveni sberu dat
(ucinna on-line separace)

¢ &

spravné postupy zpracovani dat
kritické zhodnoceni spolehlivosti ziskanych dat
overeni nezavislou metodou

¢ e e
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Komplexita vzorku

Pro ziskani kompletnéjsi informace

Nutnost spojeni MS se separaci/frakcionaci

Zj edvnf)duéelfi extrémné lfomplexn.i somési - pied MS analyzou
oddélit specifickou skupinu proteinu/peptidu

Zakladni kombinace — LC-MS/MS
Kapalinova chromatografie

+ Hmotnostni spektrometr
(LC)

(MS/MS)
E

A

)

nutnost kombinovat rizné separacni techniky — vicerozmérna separace

o1




Frakcionace/separace

Nejbéznéjsi separacni techniky v proteomice

# off-line
# on-line

elektroforetické techniky:

# 1soelektricka fokusace (v gelu, v roztoku)
# SDS PAGE

# 2D gelova elektroforéza (DIGE)

# kapilarni elektroforéza

chromatografické techniky:

# kapalinova chromatografie
- reverzni faze
- iontom¢énic
- molekuloveé sito
- afinitni (IMAC, MOAC, protilatka)
- HILIC (hydrophilic interaction chromatography)
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A draft map of the human proteome
Min-Sik Kim et al., Nature 509, 575-581 (2014)
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Adult tissues
Spinal cord
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https://www.nature.com/articles/nature13302/

Mapovani proteomu A. thaliana

* 30 typu tkani
 vedle proteomiky také fosfoproteomika a transkriptomika

a _ YRR LU AT b Proteins P-sitas Transcripts
W g E o= g g 2 Exclusive E B B
4 4 2 2 g2 8 © 2 classl 2 S 2

SOSP/ =2 = a2 8 3 Psites o W 2238

m Proteinz
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m Core

Seed (B0}
} Seed imeBdFﬁELM m Transcripts
= M Enhanced
m Corg

m Class | P-gites
W Ambiguous sites
m Corg

c Root
i oteins 1,000 P-sites
it 19) ia . 0
e Egg-call like calius [RKDZ) ' :n
Callus (CIM)
P ‘ Cell culture eary (CC3)
Cell cutture late (CC0]
) Cotyledons (CT)
143,009 ol B—
X Roat t
Araporti1 (27,655) { I mgm —
Shaot tip [CTSAM)

Mergner J. et al., Nature 579, 409-414 (2020) 54



Analyza proteinovych komplexu

a Immunochemical purification b One-step affinity purification C Two-step affinity purification
Protein sequence \m Protein seque
fused to tag fused to tande
{a) Homaologous recombination (@) Homalogous

(k) Transient transfection (b} Transient
() Retroviral gene transfer () Retroviral

Expression of Expression of t
tagged protein '&"' protein contain
two tags space
a cleavable lin
Endogensaous Assembly of Assembly of
complex complex containing complex containing
tagged protein tagged protein
Purification Furification using First purification
with antibody affinity column step using affinity
against tag column against tag
(1) Washing (1) Washing (1) Washing

(2) Elution (2 Elution (2) Elution by cleavage

Second purification
step using affinity
column against tag

(1) Washing
(2) Elution

Purified protein
complex
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Analyza proteinovych komplexii

BiolD
a BirA*-fusion protein Non-proximal proteins Interacting/proximal proteins
- >
BirA* '

SDS-denatured proteins

' Cell lysis and
Biotin @ s solubilization e _\._,-\:\
W

l Biotin affinity

e ¢

capture
Reactive bioAMP

Identification of biotinylated - )\S \
) A

proteins by mass spectrometry e

Roux KJ, Kim DI, Raida M, Burke B. J Cell Biol. 2012;196(6):8051610



Analyza proteinovych komplexii

ANDIE
-~

| vors”

STRING analysis of Histone H1.0\interactome

Ribosome/ , 2 7
Translation / g G0 P 57 X\ S o, SHRPE

Spliceosome/
mRNA Splicing

%

Kalashnikova et al, NAR, 41 (7), 40264035 (2013)
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Kvantifikace proteinu
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Kvantifikace proteini pomoci MS

Pristupy:

x Absolutni kvantifikace
stanoveni koncentrace ve vzorku pomoci standardu o znamé
koncentraci

x Relativni kvantifikace
pomérné zhodnoceni zmény koncentrace proteinu ve srovnavanych
vzorcich

Metody: ” “

¢ s izotopicky odliSnymi znackami
stejne proteiny/peptidy jsou ve vzorcich odliSeny znackami o riizné
hmotnosti a takto mohou byt méfeny soucasné

¢ bez izotopického znaceni (label free)
metody absolutni a relativni kvantifikace zaloZzené na statistickém
vyhodnoceni MS, resp. MS/MS dat
vyhodou je moznost srovnani neomezeného poctu vzorkli a absence
derivatiza¢ni reakce €1 izotopicky znacenych standardi
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The quantitative and condition-dependent Escherichia coli proteome

22 different growth conditions in biological triplicates.

(i)  growth on minimal media with an excess of different carbon and energy sources
(i)  growth in glucose-limited chemostat cultures with varying growth rates,

(iii) growth on glucose excess with different stress conditions,
(iv) growth on complex medium, and
(v) 1and 3d into stationary phase.

Cell lysis, protein extraction and digestion

cellular protein concentrations mn
for 55% of predicted E. coli il

B Step _1: generation of
g enes (>2 : 300 prote| nS) quantitative proteome maps

41 proteins related to glycolytic pathway, nH‘ E ¢ :
tricarboxylic acid cycle enzymes and others N L f
was selected to absolute quantification o

< LC-MS/MS

The concentration range of the 41 proteins
covered more than four orders of
magnitudes ranging from around

92,000 to only 2 copies per cell.

Label-free quantification

miz

B B

o ot 0]~ - -|-»

SR o .. g
o—-—o-;.-o-,—-—-?-—;»—o

Maggm

S 74;): 3 \v,‘r”(:‘ 3‘\_‘\' A - -
Trypsin 5 — \ )

Lysis
[

Step 2: absolute protein
quantification using SRM and SID

Intensity

Global estimation of protein
abundances

iBAQ index

Protein abundance

Step 3: determination of cell
numbers by flow cytometry

-

log scatter

log fluorescence

Schmidt A., Nature Biotechnol., 34 (2016), 104 — 110



Charakterizace rozsahu a dynamiky regulace translace béhem vyvoje
pylu a nasledném opyleni

Obecna stavba kvétu:

TYEINKA: PESTIK:

PRASNIK SE DVEMA
PRASNYMI VACKY

BLIZNA

CNELKA

N\
" SEMENIK

KORUNNi
LISTKY

KALISNi

VAJICKA V
LISTKY

SEMENIKU

KVETNI
LUZKO

Britannica.com
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https://www.britannica.com/video/22001/Pollen-sperm-cells-flowers-egg

Charakterizace rozsahu a dynamiky regulace translace béhem vyvoje
pylu a nasledném opyleni

Tobacco pollen development and progamic phase

Microspore Early bicellular  Late bicellular | Mature pollen 4h 24h

pollen pollen pollen tubes polien tubes

] ’@ » ’O >O
e . . ™
the three types of mRNA-containing ribonucleoprotein particles: o
Subcellular fractionation 7

* POL - translating polysomes
Post-mitochendrial Past-polysoma

* RNP - free ribonuclear particles wpurnsat (5] supernstant (L5 i
* EPP - long-term storage EDTA/puromycin-resistant particles r_\ h L

» 200,0009 3:20h
200,000g 16h
g“‘«
4 i“l .4

olysoma
issolve in HSEP/  supernatant (HsEp) TTO¢

6 vyvojovych stadii — transkriptomicka analyza

3 vyvojova stadia — proteomicka analyza é’ §
s g
~——EPP: 3 \4 " ;/'
* 9317 identifikovanych proteinovych skupin napri¢ vSemi vzorky j
« 2,089 vybrano pro kvantifikaci (na zakladé ptisnych kriterii).
cRNA synthesis and Trypsin digestion and
array hybridization gel-free LC MS/MS
62 Agllent 44K Genome Array Orbitrap Elite hybrid spectrometer

Data normalisation and analysis Data analysis
CLC Main Workbench Mascot, UniRef100 database

Hafidh S. et al., Plant Physiol., 178 (1), 258-282 (2018)




Charakterizace rozsahu a dynamiky regulace translace béhem vyvoje
pylu a nasledném opyleni

Mature pollen
D (1,593)

N\ [ N\ N
4h pollen tubes P: 24h pollen tubes EPPs
(1,605) {1,728)

J

— —

Dynamics of seven protein groups associated with PABPs
G PABPs

PABP7/62338

PABP7/67145

PABP7/176271

PABP5/73399

PABP5/118377

affect mRNA PABP2/102892

Relative expression signal (x 1,000)

e cellular fate,

"pra metabolism, PABP2/18987

e translation, and

Fe PABP2/181956

b storage 63
Hafidh S. et al., Plant Physiol., 178 (1), 258-282 (2018) -

Protein abudance [ppm values]



Charakterizace
posttranslacnich modifikaci
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Chromatin scheme

Nucleosome

DNA
= 148 base pairs —
Linker histone H1 ——

Octamer —

histones H2A, H2B, H3, H4

Inactive chromatin

(heterochromatin) Modification state of histones is orchestrated by set of
compacted = DNA not accessible enzymes, such as histone acetyltransferases (HATs),
no transcription histone deacetylases (HDACs); histone methyltransferases;

histone demethylases and ubiquitin-specific proteases
Chemical modif@ons of histones

Active chromatin Martinet and Bertrand, Cancer Management and Research 3:117-141 (2011)
(euchromatin) Spotswood and Turner, J. Clin. Invest. 110:577-582 (2002)
open form = DNA accessible 65

transcription regulation



Histone H3 most frequent PTMs

| Ac _Ac

Ac ‘Ac ....K“R K S.'.
T e K o¢ R K 23 262728

1 1718 Me

e g g

@
Ve

Ac — acetylace
Me — metylace
P - fosforylace
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r e

Hodnoceni ucinku inhibitori histondeacetylaz
]
R

Entinostat (MS-275)
Pyridin-3-ylmethyl 4-((2-aminophenyl)carbamoyl)benzylcarbamate

HDAC inhibitors — potential for cancer treatment

non-acetylated | acetylated mcirl ment
H4G4-R17 logy, peptide area
g 9 10 11 12
HAGA-R17 ot o ratural mod. [ - ¢
p=0. : ' . I
3 oc I
F . s [
g w00 - __E
3 iz R - -
5 BO.O K168t T
-
g [Ceme N ' '
5 00 ksackicoc
2 oo iockris [N _
2 acricec
3 00 witockite: [
JAC KSR KBBCK 1280 o
| | |
£ oo Ksacksack1ac/KSack 1 2ack16oc I —-< + *
* ctrl enti nsack1zack 160 [ * *

dhc WhackBacKilecklbe: [ - +

MEC1 — bunécéna linie odvozena z bunék pacienta s chronickou lymfocytarni leukémii (B-CLL)

67
Kucharikova et al, Mol. Cell. Proteomics, 20, 100114 (2021)



Ubikvitinace

Protein ubiquitination regulates many cellular processes including transcription,
endocytosis, cell cycle control, signal transduction, stress response, DNA
repair as well as proteasomal-mediated degradation

ubikvitin — protein 8.5 kDa (76 AMK)

MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGK
QLEDGRTLSDYNIQKESTLHLV LRLRGG _

N
- /
Up O ="
Ub
Ub
o
Oéc\NH OéC\NH (A)  Homotypic and heterotypic Ub chains
@i @i @ @O
Subtrate ) ————————— Subtrate
Ub Ub Ub
Ub Ub Ub
Unconventional Chains Conventional Chains Q Q Q
Homotypic Mixed Branched
g (8 variants) (56 variants) (28 variants)

Stolz A. et al., Trends in Cell Biology, 28 (1), 1-3 (2018)

Mono- Linear K63 K6, K11, K2 K48
ubiquitination K29, K33 Proteosomal
Non-proteolytic Degradation
Functions

S. Liu, Z.J. Chen, Cell Research (2011) 21:6-21
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Charakterizace ubikvitinaci
Schéma experimentu pomoci imunoprecipitace

princip metody %,

MQIFVK......NIQ

jiny typ protilatky rozeznavajici 13 aminokyselin

z C-konce ubikvitinu

schéma experimentu

two human cell lines
Hep2
Jurkat

proteasomal inhibitors treatment
BOR - bortezomib
AP15 - b-AP15 ~-~/
BOR

\%

il
|
|
1

LysC digestion
and Fractionation
enrichment with and

UbiSite antibody EEE— LC-MS/MS ==
K s —_— ==
ESTLHLVLRLRGG =
K Data = =
: lysis =m0
Trypsin analy =
digestion l ===
So Fractionation —
K and =
oS | ‘ ‘ E: -
GG K > L el iin

Nanoscale LC-MS/MS analysis for proteome

MMM MMM

High-pH reverse phase fractionation

@ w-
e thgﬁ

r

étﬁ

_
[EE (B
CTR AP15 BOR AP15
Vv V v W v

UbiSite purification of ubiquitinated peptides and fractionation

WANNANANANAA

W A ANANAA

Nanoscale LC-MS/MS analysis for ubiquitinome

Nat. Struct. Mol. Biol., 25 (July), 631640, (2018)



Charakterizace ubikvitinaci
Schéma experimentu pomoci imunoprecipitace 1

70,000
63,455

60,000 | Numbers of ubiquitination sites and

ubiquitinated proteins identified in the
50,000 two cell lines (n = 3 independent
41,794 40,501
40,000
35,024
30,294

30,000 —
20,000 —
10,000 | |2:2%7

°° e

«C}@ \G'l} ol »‘\Q" ’\

biological replicates).
% fi, ‘} 5 \a
\a@q & ‘e@ Q‘EQ 5\;\@ \)(l} 30({9’ 5\)@

49,215

37,715 38,128

Numbers on the top of bars indicate
identified ubiquitination sites; numbers
within bars indicate identified proteins.

Counts

Ubiguitinated . - . .
proteins . Hep2 ~ Qverlap of ubiquitination sites and

ubiquitinated proteins between Hep2 and
. Jurkat  Jurkat cells.
Numbers indicate the number of identified
i 8 1, = ubiquitination sites (left) or proteins (right).

Nat. Struct. Mol. Biol., 25 (July), 631-640, (2018)

Ubiquitination sites



Fosforylace

Protein Phosphorylation is of Fundamental Importance in Biological Regulation

In eukaryotes predominantly on %i{\n_ﬁ_u
S, T,Y 1800 : 200 : 1 s,

Hunter, T., and Sefton, B.M., PNAS 77, 1311-1315 (1980)

S, T, Y represent of 17% of the total amino acids in an average human
protein

it results in about 700 000 potential phosphorylation sites
Ubersax, J.A. et al., Nature 425, 859-864 (2003)

* another estimate

human 13 000 phosphoproteins 230 000 sites
mouse 11 000 156 000
yeast 3 000 40 000

Vlastaridis P. GigaScience. 6 (2): 1-11 (2017)
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Analyza fosfoproteomu
zmény béhem bunééného cyklu

Olsen J.V. et al., Sci. Signal., 3 (104) ra3 (2010)

@ quantified 6027 proteins

@ quantified 20,443 unique phosphorylation sites

72

- HeLa bunky

- SILAC znaceni

- TiO, frakcionace

- LC-MS/MS (Orbitrap)

A

Regulated M phase Regulated S phase

e o afe gl e
5 7 LA o SF° PR,

o " & ey o e

Gene Ontology biological process

—

Ribosome biogenesis
b Immune response
RNA elongation

L

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

t— Metabolic processes

Cytokinesis
Actin cytoskelatal

DMA replication
Chromosome condensation
=

DNA processing
P=DNA damage response
Stress response

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).



Zména fosforylace Rab10 u pacientu s Parkinsonovou nemoci

assay to measure increased phospho Rab levels using synthetic stable isotope-labeled analogues for both
phosphorylated and non-phosphorylated tryptic peptides surrounding Rab10-Thr73

Healthy Parkinson’s disease patient 1
control  with LRRK2 mutation
Fosforylace na Thr73
neutrophils
bt
Gel-based 2

enrichment

T~ LOD — 50 amol (~ 50 fg)

@@ % f(‘@’r—é Stable isotope
—> = labeled
K R e

— Rab10 peptides

In-gel digestion

Rab10

peptides
mxSIM method 3

SelectionNorage Rab10-pT73

&% Q, E:)'._ :/’ N occupancy

) Y 1.8 +0.3%

ZvysSena U n fosforylace cca 2x e
vyseéna uroven 10S10ry \../_ . J—
Acqusition

73
Karayel et al., Mol Cell Proteomics (2020) 19(9) 15461560



MALDI-MS zobrazovani
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Princip
MALDI-MS zobrazovani

F systematické scanovani plochy vzorku bod po bodu

' obraz odpovida plosné distribuci jednotlivych m/z
t]. distribuci peptidi resp. proteini

Figure 3. Neurotensin 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 neurotensin peak matches with the
optical image (b).

75
M. Stoeckli, T.B. Farmer, R.M. Caprioli: J Am Soc Mass Spectrom, 10, 67—71 (1999)



76

Acquisition y

MALDI-MS zobrazovani

Matrix spotted section

G)o_

MALDI-TOF MS

>
L

Acquisition x
l H&E staining

Stained tissue section

v

Mass spectrum

Aichler M. & Walch A., Laboratory Investigation, 95, 422-431 (2015)



MALDI-MS zobrazovani
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Spatial OMx Workflow

SpatialOMx is the combination of using MALDI Imaging and ESI to unlock a 5th dimension and show
the distribution of target compounds. On the timsTOF fleX, use the MALDI source to map the distri-
bution of molecules in your sample and identify regions of interest. After extracting and preparing the
sample for LCMS, use the ESI source for the highest level of identifications

PEAKS Database Search Results
5,091

50,000 p
@ 4,562
[ J

40,000 3,913
[ J

ROI Selection

An average cell measures approximately 10 pm in diameter. Using MALDI guided laser microdis-
section (LCM) for example, a 50 um LCM tissue section will contain roughly 25 cells; enough for
bottom-up proteomics analysis on the timsTOF fleX. One instrument that gives you the capability to
do both — high spatial resolution, high speed MALDI and high sensitivity ES| analysis.

2 B

FOLEE S R S

nuonediimn

Image Analysis

8 bruker.com



Dalsi vyvo,...

* DokonalejSi popis proteomu
zadkladni vyzkum, pochopeni molekuldrnich procesii...

» Charakterizace proteomu jedné buiky
zdkladni vyzkum, postiZeni heterogenity tkani, variability jednotlivych
populaci bunky

e ZvySeni prutoc¢nosti proteomické analyzy
praktické aplikace, predevsim klinickd praxe
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Dokonalejsi popis proteomu

* rozvoj] hmotnostné spektrometrické instrumentace
* rozvoj postupu proteomicke analyzy

Near whole-proteome depth of coverage in 4.5 hours

15,147 14,956 15,211

ti1 bunééné linie (~10 ng)
46 frakci

200 ng/frakce
LC-MS/MS (5,5 min)

Adult tissues

Spinal cord Frontal cortex
»

Hela, 46 fractons A543, 46 fractions HEKZ283T, 4 fractions igz v .

% S oW
Thermo application note o< -

Gall bladder
Adrenalgland
* o

Kidney y ," X

Urinary bladder ':'

Ng Prostate .Tesns 80
Min-Sik Kim et al., Nature 509, 575-581 (2014)



Proteomika jedné bunky
Proc¢?

Immune cell activation

Immunogenic -
N } (-
N csll dasty —: Microorganisms
s o
Y\ Cancer-specific - ﬂ« SATe Re
‘. DAMPs Bl STING activation . - PAMPs

N
Extracellular matrix

e _<—=___ Components and
o _Comp
. Mmechanical forces

N
: . N
Immune cell infiltration N
N

* b . ECM-derived DAMPs
* ..
L Cytokines
* Chemokines
‘o Growth factors
e
® ¢
° Metabolic alterations
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Proteomika jedné bunky
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Proteomika jedné bunky
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Proteomika jedné bunky
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Rychlost proteomické analyzy
klinicka praxe
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Rychlost proteomické analyzy

In one day, analyze over 1.4 million protein groups from 180 samples

groups 61,135 365,924 139,481 1 ,470,905
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e 200 ng HelLa digest

e LC-MS/MS (Orbitrap Astral)
* doba analyzy — 8 min

* 180 vzorkii/den

* 8000 proteinti/vzorek
Thermo application note 86



Analyza Krevni plazmy

The plasma proteome profile as a proteomic portrait of a person’s health state
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>40 FDA-approved biomarkers are reproducibly quantified (CV <20% with label-free quantification)
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vyuZziti v personalizované mediciné
pravidelné sledovani panelu proteinovych markert
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