


PROTEOMIKA
2025

* Proteomika, metody prace s bilkovinami (Petrak 6/10)

» Separacni metody, digesce a principy ID bilkovin pomoci MS (Petrak 13/10)
* Principy hmotnostni spektrometrie, instrumentace (Man 20/10)
 Hmotnostni spektrometrie v proteomice, analyza PTM (Man 27/10)

* ID proteinu, akvizice dat DDA, DIA, databaze, FDR (Talacko 3/11)

» Kvantifikace, isotopy, LFQ, cilena proteomika (Harant 10/11)

* Design experimentu, zpracovani dat, bioinformatika...(Harant 24/11)

» Proteomika membranovych proteinu, proteinové komplexy (Petrak 1/12)

* Klinicka proteomika, specialni metody (Petrak 8/12)



PROTEOMIKA
2025

Prezentace z lonskych prednasek + doporucCena lietratura na
adrese:

http://petraklab.cz/teaching

Scopes Robert, Protein purification. Principles and Practice
Springer-Verlag, 3rd edition

Zkouska:
Pisemna esej na zadane téma a ustni zkouska


http://petraklab.cz/teaching
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Proteomika, protein, proteom, proteoforma
Pocet analytu a jejich koncentrace
Dulezité vlastnosti proteinti a AMK
Prace s bilkovinami

Dezintegrace tkani a bunek, detergenty

Rozpustnost, srazeni, denaturace, koncentrace
Znaceni a imobilizace bilkovin



Proteom — Kompletni sada bilkovin pritomna v dany okamzik
v studovaneém organismu, tkani, bunice nebo organele.
Zahrnuje PTM, zmeény lokalizace, jejich metabolicky obrat a
interakce bilkovin. (Wilkins 1996)

Proteomika — soubor metod, konceptu a pfistupu
pouzivanych ke kvantitativhimu a kvalitativnimu popisu
proteomu

Expresnil/diferencni proteomika

usiluje o (semi) kvantitativni porovnavani proteomu, tj. o
identifikcaci bilkovin, které jsou odliSne exprimovany
(zastoupeny) mezi dvéma nebo vice vzorky.



Current proteomic workflow

LC-MS/MS
G

\

proteins

Mass spectrometry

Micro or nano-LC

1D or 2D Peptide/protein

identification and quantification



Number of proteins identfied in a proteomic experiment
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Proteomika, protein, proteom, proteoforma
Pocet analytl a jejich koncentrace
Dulezité vlastnosti proteini a AMK
Prace s bilkovinami

Dezintegrace tkani a bunek, detergenty

Rozpustnost, srazeni, denaturace, koncentrace
Znaceni a imobilizace bilkovin



Zakladni uvahy:

1) Pocet analytu
2) Koncentrace jednotlivych analytt, dynamicky rozsah koncentraci

3) Fyzikalné-chemické vlastnosti, rozpustnost, stabilita, MW....



Komplexita proteomu — Kolik je proteinti?

~20 000 lidskych genti ===>7? mRNA ? ===> 277 Proteint ???
4-6 raznych

__—— > o
/ e — .
L a»
Kédujici —=—— \
gen s: .

MRNA

JAK JE DEFINOVAN PROTEIN?
GENOCENTRICKY vs. PROTEOCENTRICKY POHLED

PROTEIN a PROTEOFORMA



Jak je definovan protein?

o enolaza (434 AA, cytosolicky enzym)
ENO1 mMRNA plasminogenovy receptor (na PM)

MBP-1 (340 AA, jaderny, DNA vazebny)

Jsou DVE molekuly, liSici se strukturou, funkci a lokalizaci
JEDNIM proteinem?

Je protein definovan kodujicim genem?
Strukturou?
Funkci?




Gene-centric view

~20 000 protein coding —————)> Cca 20 000 proteins
genes

Proteo-centric view

~20 000 protein coding ) > 1 000 000 protein variants
genes (proteoforms)



HUPO PROJECT - STATUS 2023

~19 800 protein-coding genes

~1400_ _

® Evidence on protein level (93%)

® The missing proteins® (7%)



Zakladni uvahy:

2) Koncentrace jednotlivych analytl, dynamicky rozsah koncentraci

3) Fyzikalne-chemickeé vlastnosti, rozpustnost, stabilita, MW....



It is crowded out there...




Koncentrace proteinu v bunce
3x10° molekul/pm?3

(cca 100-1200 pg/bunku)
NizSi miliardy proteinovych molekul/bunku
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! Estimates based on R Milo. Bioessays. 2013 Copyright N. Slavov




Rozpéti koncentrace/poctu kopii jednotlivych proteinu na bunku
( 10-109)

MRNA
median: 17

Protein
median: 50,000

1—1

.

100 104 10 108
Average copies per cell

Schwanhiusser B, et al. Nature. 2011;473(7347):337-42 + corrigendum in Nature, March 2013



Rozpéti koncentrace/poctu kopii jednotlivych proteinu na bunku
( 10-109)

Desitky kopii az desitky milionu kopii na bunku
Beck et al., Mol Syst Biol. 2011 Nov 8;7:549



Zakladni uvahy:

3) Fyzikalne-chemickeé vlastnosti, rozpustnost, MW....



* Dulezité viastnosti proteini a AMK

 Prace s bilkovinami
Dezintegrace tkani a bunek, detergenty
Rozpustnost, srazeni, denaturace, koncentrace
Znaceni bilkovin



(b)

Peptide
bond

OH

CH>

—c—Y-N—C—C— OH % Backbone

I ||
o H O

1

Amino end Carboxyl end
(N-terminus) (C-terminus)
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HYDROPHOBIC AMINO ACIDS

?00‘
+mN—?—H

?00‘
+mN—?—H
CHs CH

HsC CH;

Alanine
(Ala or A)

Valine
(Valor V)

Isoleucine
(lle or )

Leucine
(Leuor L)

Methionine

Phenylalanine
(Met or M)

(Phe or F)

Tyrosine
(Tyr or Y)

Tryptophan
(Trp or W)

HYDROPHILIC AMINO ACIDS

Basic amino acids

COO™ COO™

COO™

Lysine

Arginine
(Lys or K)

(Arg or R)

Histidine
(His or H)

SPECIAL AMINO ACIDS

COO~ cOO COO"

l
+H3N ?*'H B 20y
H

Cysteine

Glycine
(Cys or C)

(Gly or G)

Proline
(Pro or P)

COO™ (|ZOO_

I
*mN—?—H +mN—?—H
(|3H2 (T‘H2
COO™ OH
Aspartate Serine
(Asp or D) (Seror S)

COO™

*mN—?—H
CH,
|
C

H,N" 0

Glutamate

Asparagine
(Glu or E)

(Asnor N)

N

Polar amino acids with uncharged R groups

COO™
+H3N—C|—H
H—C—OH
Hy
Threonine

(ThrorT)

COO™

*HsN—C—H
EH,
CH,
£,
H,N O

Glutamine
(GiInor Q)




KLADNE NABITE AMINOKYSELINY (pH 7)
(naboj postranniho retézce)

C:NHQ
NH,

Arginine Histidine




pH 7

ZAPORNE NABITE AMINOKYSELINY
(naboj postranniho retézce)

COO COO

o .
H3N—$_H H3N_

|
R
COO~ CH,
COO~

Aspartate Glutamate



Dalsi skupiny disociujici v bazickém prostiedi

Cysteine
Tyrosine

Lysine

Aronne




Izoelektricky bod bilkovin

 Celkovy naboj proteinu (net charge) je souctem vsech jeho
negativnich i pozitivnich naboju.
* Kyselé a zasadite skupiny polypeptidu jsou protonovany a deprotonovany
v zavislosti na pH prostiedi.




Izoelektricky bod bilkovin

[soelectric Point of Human Proteins

76 B4 5.2 10 108 11.6 124

pl

6.8

Proteiny maji nejnizsi rozpustnost v oblasti pH kolem jejich izoelektrického bodu !!!
Kontaminace, ztraty, degradace, modifikace, reproducibilita




N
Hydrofobicita proteinu

Mame | coe | seme” | GRAVY SCORE - Grand average
Isoleucine I 4.5 hydropathy
valine .2 (soucet ,,hydrofobicity* (-4.5 az 4.5)

22 jednotlivych aminokyselin déleny

25 poc¢tem aminokyselin)
19
1.8
-04
-0.7
-0.9
-0.8
-1.3
-1.6
-3.2
-3.5
-3.5
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Leucine

Phenylalanine

Cysteine

Methionine

Alanine

Glycine

Threonine

Tryptophan

Serine

Tyrosine

Proline

Histidine

Glutamic acid

Glutamine

Aspartic acid

Asparagine

Lysine
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Arginine



SpiS rozpustne

Percentage of Occurrence

8
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n

Py
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Hydrofobicita proteinu

GRAVY SCORE - Grand average
hydropathy
(soucet ,,hydrofobicity* (-4.5 az 4.5)
jednotlivych aminokyselin déleny
poctem aminokyselin)

Human genome

2016 12 08 04 0 04 0812 16
GRAVY Score

SpiS transmembranove

Kyte, J., and Doolittle, R.F. (1982) J.Mol.Biol. 157, 105-132



Velikost proteinu (MW)

Titin
34 000 AA
Cca 3,8 MDa

50 100 150 200 250
MW (kDa)

Vypocteno na zakladé AA sekvence, nezapocitany PTM



 Prace s bilkovinami
Dezintegrace tkani a bunek, detergenty
Rozpustnost, srazeni, denaturace, koncentrace
Znaceni bilkovin



METODY PRACE S PROTEINY

 dezintegrace, lyza, frakcionace
 detergenty

 srazeni, precipitace, denaturace
« koncentrace, filtrace
 stanoveni koncentrace

e znaceni bilkovin

» separace proteinu



Dezintegrace bunky, homogenizace tkané

FYZIKALNI

- Mechanické homogenizatory
* Mlyny a tlakova zarizeni

 Glass beads Frakcionace
e Sonikace bunécnych organel
« Hypotonie

e Zamrazeni

FYZIKALNE-CHEMICKE, CHEMICKE

- Detergenty

* Organicka rozpoustédla

* Enzymaticka ptiprava protoplastll (lysozym, zymolaza, celulaza)



Dounce homogenizer Potter-Elvehjem homogenizer




Ultrazvukovy Sti1zny

homogenizator Bead beater

homogenizator




Filter
homogenate
to remove
clumps of
unbroken
cells,
connective
tissue, etc.

|

Centrifuge

A Pour out: » Pour out: Pour out:
15,0009 x 100,000g x |, 300,000g x
5 min 60 min 2h ( Pour out

) e —— — —

Filtered Nuclei Mitochondria, Plasma Ribosomal Soluble

homogenate chloroplasts, membrane, subunits, part of
lysosomes, microsomal small cytoplasm
and fraction polyribo- (cytosol)
peroxisomes (fragments of somes

endoplasmic

reticulum),

and large

polyribosomes




fraction

Lysosomes
(1.12 g/lem3)

- } Organelle }
’,
|
|

==

Mltochondrla—l
(1.18 g/cm?) ‘

Increasing density of
sucrose (g/cm?)

PerOX|somes ’[
(1.23 glem3) | |
Before After
centrifugation centrifugation




METODY PRACE S PROTEINY

 dezintegrace, lyza, frakcionace
 detergenty a jejich vlastnosti
 srazeni, precipitace, denaturace
« koncentrace, filtrace
 stanoveni koncentrace

e znaceni bilkovin

 Separace proteinu



Detergenty

- amfifilni molekuly vytvarejici ve vodé micely
- interaguji s hydrofobni ¢asti proteinti 1 s vodou
- dezintegruji membrany a solubilizuji proteiny

0]

II(I)|

Hydrophobic Region Hydrophilic Region

Polar Head

*L":lil.l'll:

el B S St S S S ot S /..4~_,

Sy B B Sy

a»:' '," - AN b . ',v‘;:;\‘"f“\‘-;"-' ! L
SA A A AN AN NAN) Hydrophobic Tail




CMC (kriticka micelarni koncentrace) —koncentrace
volného detregentu pii1 jejimz prekroCeni se vytvareji micely
definovane velikosti (62 molekul pro SDS, 18 kDa)

Hydrophobic Region Hydrophilic Region




CMC (kriticka micelarni koncentrace) —koncentrace
volneho detregentu pi1 jejimz piekroCeni se vytvareji micely
definovane velikosti (62 molekul pro SDS, 18 k)

Roste s T aklesa s 1.



//upload.wikimedia.org/wikipedia/en/d/d8/MICELLARPHASE.JPG

L)) + Detergent St () (7 hee

Koncentrace nad CMC




Properties of common detergents.

Agg.# = Aggregation number, which is the number of molecules per micelle.

CMC - Critical Micellar Concentration

MW CMC
Detergent Type mono mM Dialyzable
(micelle) (Yow/v)

Triton X-100 Nonionic 647 (90K) 0.24 (0.0155) No
Triton X-114 Nonionic 537 (-) 0.21 (0.0113) No
NP-40 Nonionic 617 (90K) 0.29 (0.0179) No

Brij-35 Nonionic 1225 (49K)  0.09 (0.0110) No
Brij-58 Nonionic 1120 (82K) 0.08 (0.0086) No
Tween 20 Nonionic 1228 (-) 0.06 (0.0074) No

Tween 80 Nonionic 1310 (76K) 0.01 (0.0016) No
Octyl glucoside Nonionic 292 (8K) 23-24 (~0.70)

Octyl
thioglucoside

SDS Anionic 288 (18K) 6-8 (0.17-0.23)
CHAPS Zwitterionic 615 (6K) 8-10 (0.5-0.6)
CHAPSO Zwitterionic 631 (7K) 8-10 (~0.505)

Nonionic 308 (—) 9 (0.2772)




Detergenty

* Jonogenni (SDS, CHAPS,deoxycholate...)
S1ln¢€jsi, vétsSinou denaturujici

H3C| ANIONICKE (”3
HC—CH,—CH,—COO"Na* H,C—(CH,);;—0—S—0~Na*

OH I
CH, O

Sodium deoxycholate Sodium dodecylsulfate (SDS)

ZWITTERIONOVE

HQ CHs

d g/\/ Y \s0;

CHAPS




Detergenty

Neilonogenni

—@o—(CHZ—CHZ—O)g_S—H

CH, (Average) OH

Triton X-100 Octylglucoside
(polyoxyethylene(9.5)p-t-octylphenol) (octyl-B-p-glucopyranoside)

Triton X-100
Triton X-114
Tween 20
Tween 40
Nonidet
Digitonin




METODY PRACE S PROTEINY

 dezintegrace, lyza, frakcionace
 detergenty a jejich vlastnosti

* srazeni, precipitace, denaturace
« koncentrace, filtrace
 stanoveni koncentrace

e znaceni bilkovin

 Separace proteinu



.
Precipitace bilkovin
Snizeni solvataCniho potencidlu rozpoustédla vedouci k tvorbé
precipitatu
e
Rozpustnost proteinu je vysledkem:
* polarnich interakci s vodnym rozpoustédlem

e iontovych interakci s pritomnymi solemi

» odpudivych elektrostatickych sil mezi shodné nabitymi molekulami
I —————————————————

Rozpustnost proteinu zavisi na:

e struktufe proteinu

* pH, l atypusoli, T

* strukture vody v solvatacnim obalu

Precipitace je POTENCIALNE spojena s DENATURACI!

Precipitace v praxi :

* Nizkou 1ontovou silou

* Vysolovanim (salting-out)
* Organickymi rozpoustédly




" /7 N

C.H,0, > SO, > HPO,” > CH.0(CO,), >

CH,CO, > HCO, > Cr0O, > Cl > NO, > Cl0,




SALTING-OUT - VYSOLOVANI
Lyotropni vlastnosti aminokyselin

Jednotlivé soli se 1iSi schopnosti precipitovat/denaturovat proteiny

HOFMEISTER SERIES

S0,% HPO~  acetate

Cations

Li+ Mg = Ca 2t guanidinium®

citrate- | -

1 Precipitace

l Denaturace

1 Stabilita proteinu

Anions

NO,  ClOs | ClO,  SCN

} Precipitace
1 Denaturace

] stabilita proteinu

Franz
Hofmeister
(1850-1922)




HOFMEISTER SERIES

Cations [CHEN,]*.

MNa* Li* g = Cag 2+ guanidinium®

SO,% |HPO®  acetates  citrates Cl- NOy ClIOy K| ClO,y  SCN-

Anions

‘t Precipitace | Precipitace

l Denaturace ‘I Denaturace

1 Stabilita proteinu J stavilita proteinu

Precipitace siranem amonnym




PRECIPITACE ORGANICKYMI ROZPOUSTEDLY

Vytésnéni vody ze solvataCniho obalu— prevazi elektrostatické a van
der Waalsovy sily (pritahuji se opacné nabite Giseky coZ zpusobi
precipitaci)

Etanol

Aceton (méné denaturujici, vice volatilni)

M¢lo a by byt provozovano v teplotach pod bodem mrazu

(prevence denaturace — mala konformacni flexibilita,
solvent se nedostane dovnitt molekuly)

Precipitace 10 % kyselinou trichloroctovou (TCA)



Denaturace

Dezintegrace sekundarni a tercidlni struktury narusenim S-S, vodikovych
a jinych slabych interakci — ztrata funkce proteinu

vysledkem je fyzicka agregace, ,,zamotaji* se do sebe
- pokud je I nizka, a pH daleko od pl, protein nemusi precipitovat
(odpudive sily nabitych skupin)

* teplotni (zvySeni pohyblivosti molekul narusi vodikove miistky)

* pH (zména naboje, vnitini odpuzovani, ztrata solventu)

» organickym rozpoustédlem (vyvazani hydrofobnich useku
rozpoustédlem, pt1 nizkych teplotach nepronika organika dovnitf
molekul a nedenaturuje je) agregace je zpusobena interakci
opacné nabitych useku na povrsich

* detergenty



METODY PRACE S PROTEINY

 dezintegrace, lyza, frakcionace
 detergenty a jejich vlastnosti
 srazeni, precipitace, denaturace
« koncentrace, filtrace
 stanoveni koncentrace

e znaceni bilkovin

 Separace proteinu



Zahustovani roztoku bilkovin

e precipitaci

 odparenim solventu

e dialyzou proti nevodnému solventu (polyvinylpyrolidon)
* piidanim such¢ matrice prijimajici vodu (Sephadex)

* (centrifugacni) ultrafiltraci na molekularnich filtrech

Filtry s definovanym
filtraCnim rozsahem pro ruzne
MW a pro ruzna rozpoustédla

100 000

30 000
10 000
5000
3 000




METODY PRACE S PROTEINY

 dezintegrace, lyza, frakcionace
 detergenty a jejich vlastnosti
 srazeni, precipitace, denaturace
« koncentrace, filtrace
 stanoveni koncentrace

e znaceni a imobilizace bilkovin

» separace proteinu



Stanoveni celkové koncentrace proteinu ve vzorku

» UV spektrofotometrie 280 nm (Trp, Tyr)
» UV spektrofotometrie 190-205 nm (peptidicka vazba)

« Redukce Cu?* na Cu * ionty — Biuret, Lowry, BCA (kys. bicinchonova)

« Komplexy AA s pigmenty (CBB G250)
— dle Bradforda




METODY PRACE S PROTEINY

 dezintegrace, lyza, frakcionace
 detergenty a jejich vlastnosti
 srazeni, precipitace, denaturace
« koncentrace, filtrace
 stanoveni koncentrace

e znaceni a imobilizace bilkovin

» separace proteinu



ZNACENI A ZAKOTVOVANI
PROTEINU

Reaktivni skupiny bilkovin

-

A

-~

S/

Z‘

P ‘>'

sulfhydryl (-SH)

primarni amin (-NH2)

karboxyl (-COOH)
SN arbonyl sacharidu (-CHO)

.

T~

N




HYDROPHOBIC AMINO ACIDS
(|IOO_ (|IOO_ COO™ (|IOO_ (|IOO_
+H3N—(|I—H +H3N—(|3—H *H;N—C—H +H3N—(|3—H +H3N—(|3—H
C —C—C . C
“H; e H (|: CHs C|H2 _|H2
HsC CHs CH, CH CH,
| e CH |
CH, v U3 <|;
CHs
Alanine Valine Isoleucine Leucine Methionine
(Ala or A) (Valor V) (lle or ) (Leuor L) (Met or M)

(|IOO‘ (ljoo— (|: 00~
THN—C—H  THN—C—H  "HN—C—H
(|:H2 CJ:H2 (|IH .
""":ﬁ.-\\-"“ .._1.'5""':' \"'\. [-‘ p— C’ H
OH p
Phenylalanine Tyrosine Tryptophan
(Phe or F) (Tyr or Y) (Trp or W)

Cysteine
(CysorC)

Glycine
(Gly or G)

Proline
(Pro or P)

HYDROPHILIC AMINO ACIDS
(|ZOO' COO~ COO~
C
+H3N—<|:—H +H3N—(|3—H *H;N—C—H l H,
00~
CH, CH, CH, -
| | Aspartate
(leH 3 ('iIH2 C—NH (Asp or D)
CHZ CHQ | /(JH COO_
| | C—N* l
?Hz I|\|H H H *HaN—C—H
[
NH, CH,
Lysine Arginine Histidine | ey
(Lys or K) (Arg or R) (His or H) CcOO
SPECIAL AMINO ACIDS
Glutamate
(Glu or E)

Polar amino acids with uncharged R groups
(|ZOO_ (|ZOO_
+H3N—(|I—H +H3N—(|3—H
(T‘H2 H—(i“,—OH
OH CH;
Serine Threonine
(Seror S) (ThrorT)

Vhodné reaktivni:

Cystein (-SH)

Lyzin (epsilon aminoskupina)
N’konec - (aminoskupina)
C’konec (karboxyl + Asp, Glu



Vazba Avidin (Streptavidin)-Biotin

2 4
+

K,=10°M"

Streptavidin — biotin

Streptavidin
complex

Nejsilnejsi znama nekovalentni interakce
mezi proteinem a ligandem

Avidin (Streptavidin), tetramerni proteiny 50-70 kDa

Valeric Acid Side Chain

Biotin

Biotin
MW 2443




Maleimid

Molecule with
Sulfhydryl Groups

Biotin-BMCC Biotinylated Protein



http://upload.wikimedia.org/wikipedia/commons/f/f1/Maleimide.png

lodacetyl

(@)

| \,)1\ N /\/O\V/\O/\/
H

H 4 > PEG,- inertni spacer

8
HN NH
. v )
2NN N N NN AT TS NS . \/\‘S
ﬁl 0 :[)|A/\

Biotinylated Molecule




N’, epsilon aminoskupina Lys
N-hydroxysukcinimid (NHS)
sulfo N-hydroxysukcinimid (NHS)

0

0
Sulfo-NHS-LC-Biotin )‘ Sulfo-NHS Leaving Group

Na™ 0
0
0\\5/ )\\NH
0~ 0 HN
0 5
H Na® 0-S N
N\o)l\/\/\/N S a “OH
0 0

NH,

Molecule with
Primary Amines Biotinylated Molecule




EDC
M.W. 191.70

kroslinker EDC




ZNACENI A ZAKOTVOVANI
PROTEINU

Reaktivni skupiny bilkovin

modifications

sulfhydryl (-SH)
primarni amin (—-NH2)
karboxyl (-COOH)
karbonyl sacharidu (-CHO)




CH J
C
Glyco- \
2 R4
Protein

Nilo‘, - Biocytin Hydrazide
Oxidize

carbohydrate
groups with Glycc_>-
periodate Protein

HN—°

NH> O
SN NT NN NH
Glyco- o H S
Protein
Labeled Glycoprotein

Biotin Hydrazide bind to oxidized carbohydrates through the
hydrazide group (—NH-NH,), forming a hydrazone linkage.
Oxidation of glycoproteins generates reactive aldehydes that react
specifically with hydrazide groups.

(Jjodistan sodny) \
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