PROTEOMIKA
2015

* Proteomika, proteiny, co a proC. Metody prace s bilkovinami
» Separacni metody, 2-DE

 2-DE detaily a zaludnosti, identifikace bilkovin pomoci MS

* Principy hmotnostni spektrometrie

« Identifikace proteint pomoci hmotnostni spektrometrie

« Shot-gun strategie, kvantitativni metody

* Proteomika membranovych proteind, proteinové komplexy
* Klinicka proteomika, zvlastni metody

* Proteomické ¢teni, ukazkové studie



* Co je proteomika ? Proteom? Protein?
» Experimentalni strategie proteomiky
* Vlastnosti AMK a proteinu

METODY PRACE S PROTEINY

 dezintegrace, lyzace, frakcionace
 detergenty

* Srazeni, precipitace, denaturace
« koncentrace, filtrace

 stanoveni koncentrace

» znaceni bilkovin

» chromatografie

* elektroforeza



Proteom —Kompletni sada bilkovin pritomna v
dany okamzik v studovaném organismu, tkani,
bunce nebo organele. Zahrnuje PTM, zmény
lokalizace, obrat a interakce bilkovin.

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

Expresni/diferencni proteomika usiluje o
semikvantitativni porovnavani proteomu, tj. o
identifikcaci bilkovin, které jsou odliSneé exprimovany
(zastoupeny) mezi dvema nebo vice vzorky.



Pocet publikaci s proteomickou tématikou
(Entrez/PubMed)
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PROC PROTEOMIKA KDYZ MAME GENOMIKU/TRANSKRIPTOMIKU ?

* nelze popsat molekuliarni mechanismy pomoci studia genomu

1! Spatna korelace hladin mRNA a skutecnych hladin bilkovin !!!

e alternativni sestrih, RNA editing

* vVliv mikroRNA+piRNA a RNA-vazebnych proteini

* regulace translace (rychlost, preference — cap, poly (A) a UTR)

e alternativni translace

* cilena degradace proteinu (N’-end rule, PEST sekvence, export)
* vice nez 200 typi posttransla¢nich modifikaci

 kédujici non-coding RNA

«?

PROTOZE PROTEINY A NIKOLIV GENY PREDSTAVUJI FENOTYP !



Vztah koncentrace a stability mRNA/protein
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Stabilita mRNA/stabilita proteinu
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Generation of precursor metabolites/energy
Oxidation reduction

Purine nucleotide metabolic process
Monosaccharide metabolic process
Cellular respiration

Tricarboxylic acid cycle

Glycolysis

Secondary metabolic process
Gluconeogenesis

Translation

Chromatin organization

Chromatin modification

Cell division

Mitosis

Cell cycle

Transcription

Regulation of transcription
Ribosome biogenesis

Regulation of cytokine production
ncRNA processing

RNA splicing

tRNA processing
Dephosphorylation

mRNA processing

Regulation of cell proliferation
Defence response

Glycogen metabolic process
Cellular iron ion homeostasis
Integrin-mediated signalling pathway
Cell adhesion

Cellular cation homeostasis
Chemical homeostasis
Phosphorylation

Proteolysis

Protein half-life (h)

Unstable mRNAs/ o
| unstable proteins

0

Stable mRNAs/
unstable proteins

0 0] 80

Schwanhausser B, et al. Nature. 2011;473(7347):337-42.



Rychlost transkripce a translace
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Schwanhdusser B, et al. Nature. 2011;473(7347):337-42 + corrigendum in Nature, March 2013




Log,, ratio protein/mRNA

Kolik kopii proteinu vznikne z jedné molekuly mRNA?

Peptidyl-prolyl cis-trans isomerase A

Retinal dehydrogenase 1

Diablo (IAP-binding mitochondrial protein)
Ubiquitin-fold modifier conjugating enzyme 1
Protein phosphatase 1 (catalytic subunit,
gamma isozyme)

Wilhelm M, et al Mass-spectrometry-based draft of the human proteome. Nature. 2014 May 29;509(7502):582-7.



Existence proteinu

~20 600 lidskych genu > prokazana pro ~18000




Komplexita proteomu — Kolik je proteint?

~20 600 lidskych gen( =>7 mRNA ? ===> 27?7 Proteint ??7?
x 10 variant
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JAK JE DEFINOVAN PROTEIN?
GENOCENTRICKY vs. PROTEOCENTRICKY POHLED

PROTEIN a PROTEOFORMA



Jak je definovan protein?

a ENOLAZA

o enolaza (434 AA, cytosolicky enzym)

ENO1 mRNA plasminogenovy receptor (na PM)

T~ MeP-1 (340 AA, jaderny, DNA vazebny)

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

Je protein definovan kodujicim genem?
Strukturou?
Funkci?



Jak je definovan protein?
Angiotensin converting enzyme (ACE)
Neymené dva tkanové specificke transkripty

Dva odlisSné membranove proteiny, dva rozpustne cirkulujici
proteiny s odliSnou funkci
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regulation of male fertility electrolyte balance

Jungblut, PR. etal. Chemistry Central Journal 2008, 2:16
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~20 600 lidskych genli ===>7? mMRNA ? ===> 27?7 Proteint ???
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3 PROTEOFORMY versus 1 PROTEIN nebo 1 ,PROTEIN GROUP*
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Nejnovejsi a nejdetailngjsi ,mapa“ lidskéeho proteomu

nature

Wilhelm M, et al Mass-spectrometry-based draft of the
human proteome. Nature. 2014 May 29;509(7502):582-7.

Kim MS, et al. A draft map of the human proteome.
Nature. 2014 May 29;509(7502):575-81.

http://patf.lf1.cuni.cz/proteomika
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PROTEOMICKY EXPERIMENT
,KLASICKA*

STRATEGIE %

Separace smési BILKOVIN

Stépeni vybranych
bilkovin + ¢iSténi
peptida

<\
Meéreni presné hmotnosti peptidi &

( a jejich fragmentti) Ziskani hmotnostnich
spekter

Porovnani hmotnosti sady il
peptidii (jejich fragmentii) s

udaji o vSech dostupnych Identifikace bilkovin
ORFs v databazich




PROTEOMICKY EXPERIMENT

, KLASICKA“
STRATEGIE

Stépeni viech
bilkovin (trypsin)

Separace smési BILKOVIN Separace smési PEPTIDU

Stépeni vybranych
bilkovin + ¢iSténi
peptidi

Méreni presné hmotnosti peptidi
( a jejich fragmentii) Ziskani hmotnostnich
spekter

Porovnani hmotnosti sady
peptidii (jejich fragmentii) s

udaji o vSech dostupnych Identifikace bilkovin (+ kvantifikace)
ORFs v databazich
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OH

Peptide
bond
OH SH
| |
CH2 CH2 CH;
| i |
S 1 M B
H O H O H (0]
(@) Ser-Tyr D Cys
OH -
OH SH > Side chains
| Peptide |
CH> CH, bond CH2 i
-~
| | l |
H—N—C—C——N—C—C——N—C—C— OH » Backbone
| ||l | |
H O H O H O
! ¥
Amino end Carboxyl end

(b) (N-terminus) (C-terminus)




HO_ _O O. .0 _ 0_ .0
+ | + | <+ |
AN=CH  pk, =219 HN=CH i —405  HN—CH pK,=9.67  HN—CH
c|:H2 cle2 cle2 cle2
cle2 cle2 cle2 cle2
/C /C“\ /C\ /C\
HO™ ™0 HO™ ~O 0~ Y0 0~ Yo

Kysel¢ a zasadite skupiny polypeptidu jsou
protonovany a deprotonovany

v zavislosti na pH prostredi.
I1zoelektricky bod (pI) AMK




HYDROPHOBIC AMINO ACIDS

(|IOO_ (|ZOO_ (|300_ (|300_ (|IOO_ (|ZOO_ (llOO_ (|300_
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H3C CH3 CH2 /Cb CHZ %\“\\ T C=CH
(|:H3 Hie  CH, L N J W } NH
| - T (
CHs OH )
N/
Alanine Valine Isoleucine Leucine Methionine Phenylalanine Tyrosine Tryptophan
(Ala or A) (Valor V) (lle or 1) (Leuor L) (Met or M) (Phe or F) (TyrorY) (Trp or W)
HYDROPHILIC AMINO ACIDS Polar amino acids with uncharged R groups
+ " — + — — + — —
COO~ COO- COO™ HsN (|3 H HiN (|I H Hz;N—C—H
CH H—C—OH
+H3N—(|3—H +H3N—(|I—H +H3N—(|3—H (|:H2 |2 |
CH, CH, CH, €00 _OH C_H3
| | | Aspartate Serine Threonine
CH2 CH2 C—NH (Asp or D) (Ser or S) (Thror T)
| | N
CH
(He (e A% coo™ (ole coo~
(He hH H H THN—C—H HN—C—H  THN—C—H
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NH, CH, C CH,
Lysine Arginine Histidine | H N/ \\O |
(Lys or K) (Arg or R) (His or H) CcOO 2 /C\\
H,N (0]
SPECIAL AMINO ACIDS Glutamate Asparagine Glutamine
(Glu or E) (Asn or N) (GInor Q)
COO™ COO™ COO™
| | _H
*H3N—C—H *H3N—C—H _CZ
| | *H,N CH,
(|:|-|2 H |
H,C CH
SH ’ ?
Cysteine Glycine Proline
(Cys or C) (Gly or G) (Pro or P)




KLADNE NABITE AMINOKYSELINY (pH 7)

COO CO0™ OO
H.N—C—H  H.N—C—H H.N—C—H

CH, CH, CH,

CH, CH, C—NH

| CH
CH, CH, /
C—N
CH, NH H
‘NH; C—NH,
NH,

Lysine Arginine Histidine



ZAPORNE NABITE AMINOKYSELINY

COO
H,N—C—H
CH,
COO~

Aspartate

COO
H,N—C—H
CH,
CH,
COO~

(Glutamate




Dalsi skupiny 1onizovateln¢ v bazickém prostiedi

Cysteine - =H 5+ H+ B0
- +
Tyrosine @ OH —/—= Q— 0 + H 10.0
: +
Lysine _N}IE o NHE N H+ 10.0
heoi H N H
girnne | 2 | MH
e o™i
NHE NHE




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.

COOH C00 = C00
N Ty NH,
COOH C00 C00
T NHT NH,

pPH < pl pPH=pl pH > pl




Izoelektricky bod bilkovin

150

- Isoelectric Point of Human Proteins

120

LA o B2 a0 D

[:I !'_1' 5 L 4 L L - L L 5 L 5 L L 4 L L - L 5 L+
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Proteiny maji nejnizsi rozpustnost v oblasti pH kolem jejich izoelektrického bodu !!!
Kontaminace, ztraty, degradace, modifikace, reproducibilita
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Rozpéti koncentrace/poctu kopii jednotlivych proteinu na bunku

( 10-108)
2b
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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)
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Beck et al., Mol Syst Biol. 2011 Nov 8;7:549



Hydrofobicita proteinu

Amino Acid One Letter Hydropathy
Name Code Score

Isoleucine I 4.5
Valine \% 4.2
Leucine L 3.8
Phenylalanine F 2.8
Cysteine C 2.5
Methionine M 1.9
Alanine A 1.8
Glycine G -0.4
Threonine T -0.7
Tryptophan W -0.9
Serine S -0.8
Tyrosine Y -1.3
Proline P -1.6
Histidine H -3.2
Glutamic acid E -3.5
Glutamine Q -3.5
Aspartic acid D -3.5
Asparagine N -3.5
Lysine K -3.9
Arginine R -4.5

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



Hydrofobicita proteinu

GRAVY SCORE - Grand average
hydropathy
(soucet ,,hydrofobicity* (-4.5 az 4.5)
jednotlivych aminokyselin déleny
poctem aminokyselin)
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Kyte, J., and Doolittle, R.F. (1982) J.Mol.Biol. 157, 105-132
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Dezintegrace bunky, homogenizace tkané

‘ol 'O

FYZIKALNI oV —

* Mechanické homogenizatory
* Mlyny a French press

* Glass beads

» Sonikace

« Hypotonie

e Zamrazeni

- Kavitace

Subfrakcionace

FYZIKALNE-CHEMICKE, CHEMICKE
 Detergenty

* Organicka rozpoustédla

* Enzymaticka ptiprava protoplastli (lysozym, zymoléaza, cellulaza)



Dounce homogenizer Potter-Elvehjem homogenizer




Ultrazvukovy Bead beater French Tissue tearor

homogenizator press

Treci miska

S 2O E S HAS



—1 Filter
homogenate -
to remove "'
clumps of
unbroken
cells, —/
connective ™
tissue, etc.
Centrifuge
Al
r A
—— —— - —_—
f =~
Pour out: - Pour out: Pour out:
600g x 15,0009 x 100,000g x |~/ 300,000g x
10 min 5 min 60 min 2h Pour out
— > —- > —- — —
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



Increasing density of

})

sucrose (g/cm

Before
centrifugation

Organelle

} fraction

Lysosomes
(1.12 g/cm?)

Mitochondria
(1.18 glem?)

Peroxisomes
(1.23 glem?)

O

AN

;

After

centrifugation
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Detergenty

- amfifilni molekuly vytvarejici ve vodé micely
- interaguji s hydrofobni Casti proteinti 1 s vodou
- dezintegruji membrany a solubilizuji proteiny
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//upload.wikimedia.org/wikipedia/en/d/d8/MICELLARPHASE.JPG
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Koncentrace nad CMC

Koncentrace pod CMC



Detergenty

* Jonogenni (SDS, CHAPS,deoxycholate...)

S1ln¢jsi, Casto denaturujici

e ANIONICKE 0
HC—CH,—CH,—COO"Na* H;C—(CH;);;—0—S—0"Na*
OH |
CH, O
CH, Sodium deoxycholate Sodium dodecylsulfate (SDS)
He ZWITTERIONOVE
o
I
ﬁKS/\ﬂH
CH,

CHAPS



Detergenty

Neionogenni

HOCH,
. O—(CH,),—CH
H,C CHj “roe

| | OH

H;C—C—CH,—C O—(CH,—CH,—0)g5—H HO
H3(|3 C|IH3 (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



Detergenty

CP (cloud point) — teplota pfi jejimz prekroceni dochazi
agregaci micel a k fazové separaci (polyoxyethylenovych )
detergenttl od vodného pufru

e — :
- ’%’
y

Triton X114 (22 °C)

Fazova separace Tritonem X-114 — metoda frakcionace hydrofobnich
membranovych proteint ohtratim nad CP.
Poloha detergentové frakce zavisi na hustoté pufru.



* Co je proteomika ? Proteom? Protein?
» Experimentalni strategie proteomiky
* Vlastnosti AMK a proteinu

METODY PRACE S PROTEINY

 dezintegrace, lyzace, frakcionace
 detergenty

* Srazeni, precipitace, denaturace
« koncentrace, filtrace

 stanoveni koncentrace

» znaceni bilkovin

» chromatografie

* elektroforeza



Precipitace bilkovin
Snizeni solvatacniho potencidlu rozpoustédla vedouci k tvorbé
precipitatu

Rozpustnost proteinu je vysledkem:

* polarnich interakci s vodnym rozpoustédlem

* iontovych interakci s pritomnymi solemi
 odpudivych elektrostatickych sil mezi nabitymi tseky

Rozpustnost proteinu zavisi na:

e struktufe proteinu

* pH, l atypusoli, T

e strukture vody v solvatacnim obalu

Precipitace je POTENCIALNE spojena s DENATURACI!

Precipitace v praxi :
 Nizkou 1ontovou silou
* Vysolovanim (salting-out)
* Organickymi rozpoustédly




C,H,0,” > SO, > HPO,” > C;H,0(CO,) s
CH,CO, >HCO, > Cr0,” > Cl >NO, > ClO;




SALTING-OUT - VYSOLOVANI

Jednotlive soli se 1iSi schopnosti precipitovat/denaturovat proteiny

HOFMEISTER SERIES
Cations
MH,* b+ Mat Li+ Mg = Ca<t guanidinium®
] Franz
S0,% HPO,~ acetater citrater Cl- NOy  ClOy 0 CIO, SCHN- Hofmeister
Anlons (1850-1922).
T precipitace ] Precipitace

! Denaturace “ 1 Denaturace

T Stabilita proteinu § stabilita proteinu




HOFMEISTER SERIES

Cations [CHEN,]*.
[H,* < MNa* Li* g = Cag 2+ guanidinium®
SO,% |HPO®  acetates  citrates Cl- NOy ClIOy5 o CID,y SCN-
Anions

" Precipitace § Precipitace

l Denaturace ‘I Denaturace

1 Stabilita proteinu J stabilita proteinu




PRECIPITACE ORGANICKYMI ROZPOUSTEDLY

Vytésnéni vody ze solvata¢niho 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 dovniti molekuly)

@  Precipitace 10 % kyselinou trichloroctovou (TCA)



Denaturace
Dezintegrace tercialni struktury naruSenim 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)

e teplotni (zvySeni pohyblivosti molekul narusi vodikové mustky)

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

» organickym rozpoustédlem (vyvazani hydrofobnich useku
rozpoustédlem, pr1 nizkych teplotach nepronika organika dovnitr
molekul a nedenaturuje je) agregace je zpusobena interakci
opacné nabitych useku na povrsich

* detergenty
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Zahustovani roztoku bilkovin

e precipitaci

* odparenim solventu

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

* (centrifugacni) ultrafiltraci na molekularnich filtrech

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

100 000
30 000
10 000
5000
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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 nebo BCA (kys. bicinchonova)

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