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Osnova kurzu

uvod — metody analyzy proteinovych
komplexu, strukturni biologie

funkce proteinu (chaperony, PTM, PPI,
signalni drahy ...) a komplexu (proteasom)
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<om
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nejvétsi proteinovy komplex = chromosom

DNA-vazebné komplexy

0
0

0

exy Vv transkripci

exy opravujici poskozenou DNA

exy chromatinu

Evoluce proteinu a komplexu

unewoJlyo



Informachni zdroje

Alberts a spol: Molecular biology of the Cell
Liljas a spol: Structural biology (2009) ...

... hejnov éjSi ¢lanky z ¢asopis U Cell, Nature, Science, PLoS ...

Click to LOOK INSIDE! Introduction
ARG . toProtein-DNA
g /77" Interactions

[EXTROOK ON

STRUCTURAL
BIESLOGY E

Anders Liljis Liss Liljas,

= Ture Pinksr, Gorn LindBlom,
I
BN 'onl Nissen i dbormes Klddgaand

Databaze proteinovych struktur: http://www.rcsb.org/pdb/home/home.do,
http://www.ebi.ac.uk/pdbsum/




Program prednasek 2017

23.02.201711-12.50hod ~ A2-2.11 doc. Palegek Uvod, analyza komplexu

02.03.201711-12.50hod ~ A2-2.11 doc. Palegek Protein-proteinové interakce, skladani komplext, A. Yonath!!!ii

09.03.2017

16.03.201711-12.50hod  A2-2.11 doc. Marek Signalni drahy, GPCR

23.03.201711-12.50hod ~ A2-2.11 Dr. Muller Chaperony

30.03.201711-12.50hod ~ A2-2.11 Mgr. Adamus Ubiquitinace, ligasy (cullin, APC), proteasom

06.04.201711-12.50hod ~ A2-2.11 doc. Paleek DNA-proteinové interakce, vazebné motivy %
13.04.201711-12.50hod ~ A2-2.11 doc. Palegek DNA-proteinové interakce, transkripéni komplexy 3
20.04.201711-12.50hod  A2-2.11 Dr. Blazek Cyclin/CDK komplexy v buné&ném cyklu a transkripci 3
27.04.201711-12.50hod  A2-2.11 Dr. Spirek Oprava DNA, homologni rekombinace a
04.05.201711-12.50hod ~ A2-2.11 doc. Palegek Chromatinové komplexy S
11.05.201711-12.50hod ~ A2-2.11 doc. Palegek Evoluce proteinovych komplext

18.05.20179-12hod A2-2.11 doc. Palecek Zkouska - test, P. Modrich!!!!!

- Pohled na vybrané procesy probirané v biochemii a molekularni biologii z
hlediska proteomiky a predevsim z hlediska proteinovych komplexu

- vybér komplext majicich vztah k tématim studovanym v laboratofich
,chromatinovych molekularnich komplexu“, NCBR a dalSich skupin z MU

Souvisejici:
Struktura a funkce eukaryotickych chromozomu
(C9041, prof. J. Fajkus), Metody GenPro (CG080) ...



/Zkouska: - test + prednaska

Smc5/6

 Uvod - Analyza proteinu
— Domény
« fold-struktura (ss, PDB) MO A
« v PyMolu pfipravit 3D strukturu Ligase (/
 Interakce (IntAct)

— Komplexy |
* Funkce N

e Lokalizace Tandem-WHE;” ‘ 'hXTandem-WHD
— evoluce

o Konkrétni nova data — Clanek (< 5 let)

v-SMC x-SMC

Kleisin

Ujasnit si souvislosti, rozsifit si znalosti, aplikovat
poznatky z prednasek ...



a X-ray crystallography
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Marsh et al, ARB, 2015



Studium virovych ¢astic (P. Plevka)
- Zivy organismus nebo velky proteinovy komplex?

(A)

(C)

(B) (D) | |
Figure 3-30 Molecular Biology of the Cell (© Garland Science 2008) 20 nm




Primarnim zdrojem strukturnich informaci = PDB
voda, ATP ATP pumpa

chromatin

Structure Function
A 4
Small molecules
Digestve Enzymes
| Blood Plasma
Ivmnmes
Hormones
Channels, Pumps
and Receptors
Photosynthesis
| IEnefwProdmion
| ATP Synthase 3D Structure for 1678
Storage
POB ID: 178, 1217, 112p, e ~ — } ol
2afu P e S B e e Enzymes
Four 3D structures show L ¢ .- " " ‘.; nfrastructure
different parts of this large 5 - AL 5 . l|
protein complex, 4 ¥ IP inS =
Learn more from the ; ‘ p =
Molecuis of the Month » z DNA
article ATF Synthase 4 E
About
Auto Mode: Off
b
-
PROTEIN DATA RANEK
; PDB-101

Extracellular Membrane Inir.ar_'éllul;-a-r-'llj.'tnscnl-
-!a_ 2 o - - o

Interaktivni web PDB-101 - relativni velikost komplexu

Cellular Location



Priklady komplex u o kterych uslySite v tomto kurzu

enhanceosom B
RNA polymeraza

RNA polymeraza + TFlI...

TBP

ulewolyo

TFIIH

nukleosom
7proteasom Molekula mésice (PDB 101)
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Nucleosome | 1 | [ 21D3
Clamp and DNA sliding clamp| 2 | [ 18XJ
RNA polymerase Il | 3 | [ 1YW
RNA polymerase | | 4 [ | 1435
Microtubule nucleator,
7:TuSC rings 5| . ra
RNA polymerase Ill| 6 | [ 1322
TauB0/DTaud1 | 7 | [ 2J04
ortin-1/tRNA/RanGTP | 8 | I [ | 3ica
Ribosome| 9 | sovw
exosome| 10 | I [ | 2wes
sp104 protein chaperone [11 | [ B | 1358
26S Proteasome| 12 | [ [ | 1RYP
ESCRT-I core| 13 [ | 2p22
Cytochrome BC1| 14 [ | 1kB9
FOF1 ATP synthase 15 [ | 2wpD

~800 komplex U v kvasince Saccharomyces cerevisiae
Bertero et al, Cell, 2010



NejCaste|Si postup charakterizace
proteinovych komplexu

Novy gen/protein — charakterizace funkce a funkéniho kontextu =>
- identifikace partneru tzn. PPI, respektive izolace komplexu

2. - charakterizace komplexu viz MGP — 25.4.2017
- vzajemné PPI podjednotek - architektura/struktura komplexu

- funkce podjednotek (geneticka analyza, lokalizace v burice ...)
3. - rekonstituce a analyza aktivit celeho komplexu in vitro

Metody izolace a analyzy
proteinovych komplexu

Prolinaji se analytické a izolaéni:

- ultracentrifugace, gelova filtrace

- TAP-tag (a jiné tagy) purifikace a MS analyza

- ko-imunoprecipitace, pull-down, ko-purifikace ..

- crosslink MS, (cryo) elektronova mikroskopie .. -
(Prolinaji se i metody pro komplexy a PPI - viz MGP 25.4.2017)

.. visualiza¢ni metody




Metody analyzy a izolace PKxu

UItracentrlfugace analyticka (preparativni — malé objemy)
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Metody analyzy a izolace PKxU

Ultracentrifugace — analyticka (preparativni — malé objemy)

e T — total

51D | e —— - |ant-GFP S — soluble

0kD| e @ anti-aleurain M — membranové
2940 | - e anti-GFP frakce ( jaderné

)

B FTsucrose 46 44 42 40 3B 36 34 31 30 IR 15 24 21 211 20 18 16
[wilw) 1 2 3% 4 5 6 7 B 9 1000 12 13 14 15 s 17
BiP i v - - o eeepubeniple®- | 70kD
Rhal - — — 28kD
AIPEPI2p -— - e s - - 31kD
COP - - - = 92kD

A. Hrubsi pouze rozdéli na
kompartmenty/organely - lokalizace
B. Jemny - cukerny gradient - izolace

Lee et al, Plant Cell Phys, 2004
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Metody izolace a analyzy PKxu
- Gelova filtrace (size exclusion chromatography)

- Za nativnich podminek (komplexy zustavaji pohromadé

S— Q
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A !
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I ]
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/
Equilibration lev Column volumes



Priklad: SMC5/6 komplex — v bun @ééném lyzatu (nebo
purifikované proteiny)

Al Bl Cl "

|
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s g & -
B . @ o d ¢ -
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(2) lidskych bunék —
T podjednotky SMC5-6
v komplexu identifikovany
%‘ pomOCII prOtIIétek lov " Column volumes "
|_ 5




Metody izolace a analyzy PKxu

Jednoduché tagy/zna €ky:
Myc, FLAG, V5, S-tag, GFP (vazba pres protilatky)
GST, Streptactin (biotin-streptavidin), MBP ... (vazba pres ligandy)

blot
~ o— MycRad1 h'"ge!
L = Soris SMC6 (- -, SMC5
: g
2 | E
P 1 ®) :
® T ‘ Hep70 = arm
@ <
S . =2 <4— Radé2
& — Nse2
S = — Nset
&
Pozor na kontaminace
(napf. chaperony) Zname-li vice podjednotek - zna&ky na rtizné
MS analyza SDS-PAGE podjednotky komplexu (vs TAP na jednée

podjednotce) — postupna purifikace => kompletni

nebo roztoku komplex (vychytany pFes rizné podjednotky)

(Apuebi| ogau Apndad) aonjs 1unadwoy



Ko -purifikace

Silné interakce/komplexy — proteiny lze ko-exprimovat (muze
pomoci s jejich rozpustnosti) a nasledné ko-purifikovat

6xHis
Strep
Strep

Nsel Nse3 Nse4

1. His-tag Nse3 2. Strep-tag Nse4
g § (Nse3 vice nez Nse4) (srovnal se pomer Nse3:Nse4)
g 2 Elution fractions — 10ml = Elution fractions — 1,.5ml
E % = 1.2.3. 4 5 6.7 8 9. 10. E‘ [ 1. 2. 3.4, 5 6.7.8 9. 10. 11.
(/)’LL -
— — —— — 7‘)
Nse4 T
<— Nse —P 40 <+—
- - e — “ nNse3 ¥ —=SB8S=s— il
é s
e
-g--— “ nNsel ” & T P W S W == - ol
- . @5
- .\J.O

o D e
Nse4 protein se samostatné exprimuje malo a je malo rozpustny

Znacky na ruznych podjednotkach komplexu —
postupna purifikace => kompletni komplex
(pfirozeny pomeér podjednotek v komplexu)




Ko -purifikace
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3. Gelova filtrace - Ize jesté dodistit subpopulace komplexu
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Metody izolace a analyzy PKxu " &
- TAP-tag (, Tandem-affinity purification®, - P
jine tagy a protilatky) .. A

97.2
I1gG Beads

Protein CBP A

66.4

55.6

| jiné komblnace

(HBH — His-biotin-His) '

Tandeme-affinity purification

(vicestup nove — vysSi Cistota ) Q =
1. Protein A (vaze IgG beads) furst attinty purncation
2. TEV-proteasové misto (Iobacco

etch virus) — uvolnéni z matrice

42.7

36.5 / TEV protease
TEV protease
 — /

55 — ' ——Hsh49

. . . TEV protease cleavage
3. calmodulin-binding
(CBP) - eluce EDTA Q A Calr;ndulin Beads ~
Zaintegrované v genomu (pfirozena M econdatintly puresten
hladina proteinu, pfirozeny vyskyt ‘
partnerfj/komplexu . ) NMative elution EGTA
zname jeden protein — hledame dalsi )

podjednotky »‘ Puig et al, Methods, 2001



Metody izolace a analyzy PKxu

.
§

Protein:Protein Interaction

Capture Protein:DNA Interaction
HaloLink™ (HaloCHIP™ System)

b Protein Immobilization
3/ Protein Purification
5 —

HaloTag®
Fusion Protein

Labeling o
Fluorescent ligands Protein Labeling and Detection

Protein Quantification

8567MA

Cellular Imaging

Velmi vhodny HALO tag pro izolaci komplexu: kovalentné vazany ligand (silngjsi
vazba, vice oplach)

Uvolnit Ize pouze proteolytickym Stepenim (nevyhoda) — vs Stépeni specificky uvolni
pouze komplex z matrice (nespecificky navazané proteiny zistanou na matrici)



|zolace komplexu z kvasinky Saccharomyces cerevisiae

a Strateqgy External datasets
3 . Tl Yaast genomea 6,486 ORFs MIPS/SED
i I i
: Strain 1 —Jorr1 IRl —{oRF2}— — | TAP cassette integration 5,474 (85%) 2002 genome
| Strain 2 — G20 | TAP fusion expression 3,206 (59%) Annofation
I"H ___________________________________________ -j' 5
Socio-affinity model
Co=purified proteins b = @ i A

1 2 | 250 40 | 45 | 145|350 230 134 | 100 [ 300 | 600 [ 700

“. Complex 1 Cores Complex 3
% 4
Complexes 491 Set of known
(& 478 complaxas:
M?:rr:ﬁaa 147 MIPS (217)
Isoforms 5,488 PubMed (62)

Gavin et al., Nature, 2006



Tagging
system

in vivo
function

Purified
interaction
partners

Ruzneé pristupy izolace komplexu

klasicky
Affinity Purification

Epitope for
antibody

3XFLAG

anti-FLAG
beads

alternativni
BiolD
(Proximity Biotinylation)
s Biotin activation h
o o

_
. °
Activated biotin cloud
| = b

J
\
StreptawdlnL

\ beads

GTOZ 104d [ ‘e 10 MaquieT

Biotinylace na
vzdalenost
<20nm

MS identifikace
biotinylovanych
proteinu



Metoda BiolD PFidanT biotinu v

urcéitém case (rychlé
pfipojeni) — pulse-
Express BiolD-fusion protein Add biotin to cells chase — |ze sledovat
T interakce v ¢ase

O 3 o (napf. bunéény
D ‘ — ‘@ ‘ cyklus)
-

Napf. chromatin-

BirA biotin ligasa (fusovana k proteinu) Lyse cells asociované komplexy
I jsou harf rozpustné —
izolace za
Denature proteins denaturacénich
et Biotin affinity podminek
rL purification - ra_ N
Citliva metoda

-

- (kovalentni znaCka
e zustava i po oddaleni
)—\ interak¢éniho partnera

Biotinylované |proteiny jsou purifikovany pomoci streptavidinu — Slabé/transientni

interakce (vice nez
Mass spectrometry (

to identify candidates komplex > .
,sousedici“ proteiny

Roux, CMLS, 2013 <20nm)

. -




NASP
SHPRH
CHAF1A
CHAF1B
CDAN1
HIRA
UBN1
UBN2
HAT1
ASF1A
ASF1B
UBR7
IPO4
DNAJCS

aiolg geH

- i1
+ B 3
- 2 -
5 = =
O v o
@ o
O
. [ ]
®: -
O
O
O
O
O
c @
@ o
o @

o @
O O

Metoda BiolD
PPl v Case

Histon chaperony
(4.5.2017)

O FDR<1% k
() 1% <FDR<5%

.
I

5% < FDR

relative abundance

=50

spectral counts

0 y

Lambert et al, J Prot, 2015

Pridani biotinu v
urcéitém case (rychlé
pfipojeni) — pulse-
chase — Ize sledovat
interakce v Case
(napf. bunécny
cyklus)

Napf. chromatin-
asociované komplexy
jsou harf rozpustné —
izolace za
denaturacnich
podminek

Citliva metoda
(kovalentni znaCka
zustava i po oddaleni
interak¢éniho partnera
— slabé/transientni
interakce (vice nez
komplex —
,sousedici“ proteiny
<20nm)
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Y complex

Metoda BiolD — organizace komplexu

Dosah biotinylace je 10nm — Ize vyuzit k
mapovani ,blizkych* proteinovych sousedu
ve velkych komplexech

-
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Metoda BiolD — organizace komplexu

Dosah biotinylace je 10nm — Ize vyuzit k mapovani ,blizkych* proteinovych sousedu

ve velkych komplexech

y B
Nup358/
RanBP2

Cytoplasm Nup133 Nup96

Nup107 Sec13
Seh1 Nup85
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_____
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Mapovani komplexu - crosslinking

Po crosslinku komplexu Ize provadét purifikaci za denaturaénich podminek (tag-ligand
interakce musi byt odolna viéi denaturaénimu Cinidlu — napf. 6xHis-tag vaze Ni-kulicky
| v 8M mocoving)

Protein complexes in live cells Fixed protein complexes
‘ i crosslink propoji podjednotky - stabilizuje komplex
0 O
Chemical NaOsS_ (l)L Q i\
—» crosslinking —» T’ . N I
in vivo ) /N_O X X 9N i
i ~ D DD D DN
- " h O SO;Na
Affinity purification 0

v

Generate peptides

by digestion - estery reaguji s Lyvs ge-amlnl) a amino-
koncem (homofunkeni - spoji proteiny
; ! dohromady v jednom kroku;
Identification of Determination of heterofunkcnich - pOStané aktivace)
complex constitients protein interface sites -S tagem — p‘r”eé|st|t (Vzorek neni tak
—_— ™ —_— _ komplexni pro MS analyzu)

-y M=

-’3\ —gﬂ Reactive group 1 Reactive group 2

|dentifikace o .
podjednotek Mapovani
komplexu interakci

podjednotek

Roux, CMLS, 2013 ( ® ) Reactive group 3
Sinz, MS Reviews, 2006 (e.g. biotin)




An Overview of the Crosslinking Mass Spectrometry (XL-MS) Workflow

Complexes with up to 100 subunits
Pull-downs, in vivo applications

Complementary chemistry targeting

Crosslinking acidic residues
reaction Affinity-tagged and cleavable reagents
- — —— | Increased use of size exclusion, ion
[ le tl:tn, ] — exchange, and affinity chromatography
eneic to enrich crosslinked peptides

o e,
[ MS acquisition ] ‘ | | | ‘ | l | Faster and more sensitive spectrometers

New software for differential quantification
[ Data analysis ] ‘ f = Calculation of false discovery rate

Dedicated software for sequence graphs
Structural mapping and filtering software

[ Visualization, ] /ANy ||

modeling

Leitner et al., Trends in BS, 2015




Mapovani interakci mezi podjednotkami
pomoBci crosslinking

— mc1
Smc3 = £§$103

| e 4'8001 intact

Lo Priklad jednoduchého komplexu
*"+ hinge

Smci

g 8 8 Pds5B /N’
Veld et al., Science, 2014



priklad velkého komplexu
(zjednoduSené schéema — jak
jsou podjednotky
,prositovany* — jak jsou v
prostoru blizko sebe)

W Swri-FLAG
- Bdf1

Rvb2 -Arpd, Swed
va1:' P
- Actd

= Swch

- Yaf9

Swe7
-

Integrace dalSich dat:
- krystalove struktury
- cryoEM data

Nguyen et al., Cell, 2013



SWR1-AC-Mod SWR1-AN-Mod

SwcT . \
SWR1-WT SWR1-A(N/C-Mod) " ..'

' ! Class  Class P— " Difference
3D = Projection “average average“ Projection <= 3D map

—Ac-Modﬁ.--.%
e N 4 D
—AC-Mod&- ‘«'t/ N
AN-Mod&y.&;
v NI ¢ B
AN-Mod{@-E.-’&

Analyza architektury komplex u (SWR = remodelovaci)

- (ko-)purifikované komplexy Ize dale analyzovat pomoci elektronové
mikroskopie (cryoEM)

- srovnat tvar riznych komplexu (bez spec. podjednotky nebo s protilatkou
proti specifické podjednotce) Nguyen et al., Cell, 2013

View 1

View 2

View 3




Swr1 HSA"

Rvb1-Rvb2

Nguyen et al., Cell, 2013

60S

Analyza architektury

proteinovych komplex
- krystalové (a NMR) struktury

|lze nasledné ,dokovat” do tvaru
z EM

NejlepSi cryoEM maiji rozliSeni az 4A

Bali et al, eLife, 2013




A GFP-Bax wild type

100 min

C Dots Aggregates Lines

Arcs

Rings Double lines

Lokalizace
proteinovych
komplex u

Konfokalni mikroskopie vs
super-resolution
mikroskopie
(STED=stimulated emission
depletion microscopy —
rozliSeni 60nm)

+ AFM (atomic force
microscopy)

Gallego et al, EMBO J, 2016
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Lokalizace
proteinovych
komplex G

Bax protein vytvafi pory v
mitochondrialni membrané
(apoptdsa)

Gallego et al, EMBO J, 2016




Q)

Analyza proteinovych komplex
vice Metody GP

Structural analysis Molecular interactions studies

0.1 8
©
£

0.01 §
4]

) o

Nucleosome targeting, B

0.001 complex formation and 2
| | | | | architecture §

T

0 005 01 015 02 025
q(A")

NMR, crystallography, SAXS,
electron microscopy

Protein concentration

Fluorescence polarization, FRAP, HI-FI, FRET,
microscale electrophoresis

Chemical probes and libraries

Analytical methods

Relative ntersity

400 600 800 1000 1200 1400 1600

Mass spectrometry, pull-down assays, Tk 0% m ' i
electrophoretic-shift assays, L/
analytical ultracentrifugation Photochemical probes,
barcoded DNA, nucleosome libraries

Speranzini et al, EMBO J, 2016 vice C7230 doc. Hofr



Ozer et al, CO in SB, 2015

Analyza proteinovych komplex
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Visualizace proteinovych komplexu

Existuje mnoho
nastroju na

ikl ) visualizaci
ingredients ' gi komplexu (i v
y buné&tnem
‘ . J., 5 prostiedi)
ceIIPACK : &> od PyMOL pro
SoR ¥, prfimou visualizaci
krystalovych
‘Surface Mesoscale 3% Stru‘ftur
containers molecular model ... az po CellPACK
Current Opinion in Structural Biology pro |nte raktivnl’
Pro lepsSi predstavu (virové ¢astice) se integruji ... nahled do buriky a
(nakopirovane) struktury, data z molekularni dynamiky jejich procesu

(simulaci), koordinaty pohybu ,objektu” ve svételném
mikroskopu ... animovat i bunécny kontext — namichat v
,realnych” pomérech do ,organel* a na ,membrany* —
CellPack ...

..vychazi z hernich
a animacnich
algoritmu ...

Lze pouzit k testovani modeld ... Johnson et al., Nat Meth, 2015: lwasa, CO in SB, 2015



Visualizace proteinovych komplexu - CellPACK
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Experimentalni vysledek

CellPACK poskytuje vhled do
bunécnych procesu — pouzit
na simulaci distribuce proteinu
virove Castice (napf. R-noMa:
random-bez interakci)

Johnson et al., Nat Meth, 2015
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visualizaci
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