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Osnova kurzu

uvod — metody analyzy proteinovych
komplexu, strukturni biologie

funkce proteinu (chaperony, PTM, PPI,
signalni drahy ...) a komplexu (proteasom)

nejv étsi proteinovy komplex = chromosom

DNA-vazebné komplexy

Komplexy v transkripci

Komplexy v replikaci

Komplexy opravujici poskozenou DNA
Komplexy chromatinu

Evoluce proteinu a komplexu _

unewoJlyo
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Uvod, metody, skladani komplexd

Chaperony

Ubiquitinace, ligasy (cullin, APC), proteasom
DNA-proteinové interakce, vazebné motivy
DNA-proteinové interakce, transkripéni komplexy
replikace DNA

Cyclin/CDK komplexy v bunééném cyklu a transkripci
Oprava DNA, homologni rekombinace

Chromatinové komplexy

I 1 I

Evoluce proteinovych komplexd

Zkouska - test

- 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

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 ...



Primarnim zdrojem strukturnich informaci = PDB
voda, ATP ATP pumpa

chromatin
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Priklady komplex a o kterych uslySite v tomto kurzu

RNA polymeraza

RNA polymeraza + TFlI...

TBP

uiewolyd

TFIIH

nukleosom
% proteasom 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



Komplexy se utvareji (prevazne) prostrednictvim
protein-proteinovych interakci

» Polypeptidovy fetézec ma tendenci vytvaret sekundarni
struktury -> terciarni struktury -> kvarterni tj. komplexy (stejné
typy nekovalentnich vazeb, kritérium minimalni energie)
(Sroubovice a listy se k sobé skladaji podobnym zpusobem)

e jontove, vodikove, hydrofobni sily (kovalentni vazby -
disulfidické mustky pfedevsim u extracelularnich proteinu)

e vodikové m ustky predevSim u B-listu




Komplexy se utvareji (prevazne) prostrednictvim
hydrofobnich protein-proteinovych interakci

- hydrofobni zbytky jsou tlaceny dovnitf proteinu (nikoli do
solventu) nebo do interakce (nejcastéjSi zpusob vazby)
— soucet hydrofobnich sil je znacny (pfevazuje u vétsiny
interakci)

— hydrofobni povrchy se podili na vytvareni coiled-coill
viaken

Coiled-coil domeéna je
Castym dimeriza énim
modulem proteinu

Max GAL4




Typy protein-proteinovych interakci

string

surface
surface 1

surface 2

(A) SURFACE-STRING (B) HELIX-HELIX (C) SURFACE-SURFACE

doména-motif doména-doména

- Ostatni domény/moduly Ize definovat pouze obecné:
proteiny musi mit komplementarni tvar i charakter

- Variabilita je velka — nelze je jednodusSe definovat -
obtizna predikce (modelovat Ize komplexy pro nez

=y mnm



Dva pfiklady ,vyreSenych* komplexu

“~ surface 1

surface 2

(C) SURFACE-SURFACE B4 (A) SURFACE-STRING
Domain-Domain | 'b LO Domain-Linear Motif
Interaction: © © Interaction:

I F‘,’ g
’ D
i o]
F2 o
QO %
—— strong interaction 8
weak interaction —
@
N
- Domain length from 25 - 500 AA - Motif length from 3 - 10 AA ~350A2 8
- Affinities: K, nM to pM - stabilni/komplexy - Affinities: K, ~ pM - pfechodné interakCe
- Rather stable interactions - Rather transient interactions
- Examples: BTB(POZ), Ras-GAP, CARD - Examples: Sh3/PxxP, EVH1/FPPPP

- regulace PTM - vazba na fosfo-, acetyl ...

- Interakéni plocha/oblast 500-10000A% (vs pro ligandy 100-600A?)



SH3 domeény vazi prolin-rich peptidy PDB: 4RTV




Domain-Linear Motif
Interaction:

Domain-Domain
Interaction:

=

—— strong interaction 7 \‘y.) <

weak interaction

interaktom - Motif length from 3 - 10 AA
- Affinities: K, ~ uM
- Rather transient interactions

- Domain length from 25 - 500 AA

- Affinities: K, nM to pM

- Rather stable interactions

- Examples: BTB(POZ), Ras-GAP, CARD

- z analyzy protein-prgteinovych interakci Ize usuzovat na

potencialni stabilni komplexy vs prechodné interakce
- variabilita interakénich povrchu je velka => variabilita

PPl (nelze je jednoduse definovat)
S jakymi partnery a jak silné interaguji vase proteiny?
Jaké domény obsahuji?

800¢ M7 Sg3d ‘e s Jepegd

- Examples: Sh3/PxxP, EVH1/FPPPP



R-ARH ARH

\\/W

free energy
—

Protein-proteinové interakce moduluji velmi ¢asto GTP/GDP,
ATP/ADP ... G-proteiny spolu interaguji s 1000x vyssi afinitou za
pritomnosti GDP nez pokud je na Ga navazané GTP (viz Ras)

— dochazi ke konformacni zméné (doc. Marek) — ,prenasi“ signal

Uetz and Finley, FEBS Lett. 2005



Post-translaéni modifikace znacné méni povrch (tvar, naboj) —
vytvari specificky novy povrch — mohou interagovat specifické

vazebné domeny - napi. SH2 domény vazi fosfopeptidy — dvé vazebna mista
(fosfoTyr a peptid — peptid urCuje vazebnou specificitu)

Modifikace AMK zbytek interakéni domeéna
Fosforylace tyrosin SH2, PTB
serin/threonin 14-3-3, WD40, WW, BRCT...
acetylace lysin bromodoména
metylace lysin chromodoména
hydroxylace prolin VHL 3
ubiquitinace lysin UIM, UBA, CUE
SUMOylace lysin SIM

bind phospho-5er/Thr

bind phospho-Tyr
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Modifikace histonu ovliviuji slozeni a pfistupnost chromatinu — bromodoména
GCNS5 (HAT) navazana na acetylovany H4 lysin — PDB: 1EG6I
Bottomley, EMBO Rep., 2004
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Napr. SH2 domeény vazi fosfopeptidy — dvé vazebna mista
(fosfoTyr a peptid — peptid urcuje vazebnou specificitu) — PDB:
2PLD



SH2 (a jiné) domeny jsou ¢asto (jako moduly) soucasti
proteinu rozmanitych funkci — provazuji proteiny mezi sebou
(pfechodné, kondicionalné — regulace bunéénych procesu)

Small GTPase
Signaling

Kinases

Phosphatases

Ras-GAP
Nsp1,2,3
Rin1
Vav1,2,3
Chimerin

Fps, Fer
Csk, Ctk/Hyl,
ar, Fyn, Yes, Hck,

Lck, Lyn, BIKk, Frk,
Brk, DJ697K14.1

Zap7Q, Syk

c-Abl,|Arg/Abl2

Btk, Tec, Itk, Bmx

TxK
Jak1,2,3,Tyk2

Shp1, Shp2
Ship

Ship2

- -
ALE

Legend:
[ Src Homology 2 o Src Homology 3
Phosphotyrosine binding domain
Sterile Alpha Motif & c2 W C1
W ! Ras Association [mav RasGAP
TRl RasGEF Ezﬁ Ring domain

(™ Pleckstrin Homology &K BTK
& Fes/Cip 4 homology domain

" FERM ¥ 4 helix bundle
Tyrosine Kinase 1% S1

" Phosphatase [ €Sz

| Kinase [l VPS9

s RhOGAP RhoGEF

Golemis a Adams
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Signalni Ras draha — EGF vaze EGFR (aktivuje
cytoplasmatickou kinasovou domeénu = autofosforylace) — SH2
v GRB2 interaguje s EGFR - SH3 domeny GRB2 dimerizuji s
prolin-rich doménou SOS — EGFR-GRB2-SOS je aktivni (SOS
= guanin nukleotid exchange faktor) a odstrani GDP z Ras —
Ras muze navazat GTP (podobny Ga, ale monomer) a
iInteragovat s RAF kinasou - aktivuje se MAPK draha

rakovina — Ras mutace stabilizujici vazbu GTP maji za
nasledek konstitutivni aktivaci (aktivace i bez EGF stimulu)



néktere viry vyuzivaji bunécné PPl moduly k invazi do bunék (pfesmérovani
ve prospéch viru — vazba HPV-E6 na p53)
nékteré onkogeny jsou vysledkem flize modult (permanentni PPI)
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Figure 2. Representative PPls in oncogenic signaling networks that drive the acquisition and development of hallmarks of cancer. Grey broken arrows connect PPIs to
corresponding cancer hallmarks. Some PPls contribute to multiple features of cancer. It should be noted that some PPls may impact global processes of cell growth and

their precise connections to cancer remain to be established. |VanOV et al, TlPS, 2013



Inhibice PPI

Problemy inhibice (vyvoje leku) ...
- interakéni plocha 1150-10000A2 (vétSi nez kapsy enzymu pro
malé ligandy)

- ploché bez hlubokych kapes (jako pro ligandy)

- hydrofobni charakter PPI (nerozpustnost leku)

- nelze vychazet z pfirozenych ligandu (jako u enzymu)

... ale
- Interakce ,peptid ve zlabku* jsou relativné malé
- Ize inhibovat interakci i relativné malou molekulou (hot-spot)

- vhodné je cileni na interakce regulované post-translacni

modifikaci (viz fosfopeptidy) i tibray varer 20 Varaton
- mimikovani peptidu (o, B)  yuters | < = o
o H-bond [L :[/ N

() .
( &—N H J ¢ .Hel,x T 20 Variations
R? Mimetic Library |

Ivanov et al, TiPS, 2013 'gr"{R. 07 I
Whitby a Boger, ACR, 2012 HO,C” TR!
Y J 20 Variations —/‘ ‘ ‘\

20 Variations



Inhibice PPI: p53-MDM2

o Ubiquitin
— :
= < Proteasome degradation

Nuclear export Ubiquitinization
f- i Nucleolar
sequestration @
|

Ubiquitinization ¥ Mo
I . L i " |

Degradation
Inhibits
transcriptional
activity
Inhibits
transcriptional activity

@ ubiquitinace

Shangary & Wang, Annu Rev Pharm Toxicol, 2009



1YCQ)

MDM 2p53 (dimer, PDB




MDM?2-nutlin poB: 4HG7)




Inhibice PPI: p53-MDM?2

(A) SURFACE-STRING

jeden z prvnich

- Inhibice interakce MDM2 stabilizuje p53 — NS0
podpora nadorové suprese NH“)

Nutlin-3a
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vazba

vetsi komplexy jsou stabilizovany vice nové peptidomimetika

interakcemi, ale miUze se rozpadnout i cely komplex



Jak se komplexy sestavuji - homomery?

nejjednodussi (bézné) je sestavovani homooligomeru
(homodimeru), ke kterému dochazi (vétSinou) pfi translaci

%4

polysome 5;' ‘

tento toxin je
spis vyjimka

Wells a spol, BST, 2015

Polypeptidovy fetézec ma tendenci vytvaret sekundarni struktury
-> terciarni struktury -> kvarterni tj. komplexy (Sroubovice a listy
se k sobé skladaji podobnym zpusobem)




Jak se komplexy sestavuji - heteromery?

podjednotky se exprimuji ,nezavisle* a pak se musi ,potkat*
(trans-assembly model) — problém s nespecifickymi
iInterakcemi, proteasami, chaoticke prostredi bunky ...

co -translational

assembly

.. samostatne by se proteiny neposkladaly, byly by nestabilni
(degradace), toxické nebo by agregovaly (proteiny s
hydrofobnimi povrchy — interakce je skryje pred solventem)



Jak se komplexy sestavuji - heteromery?

podjednotky se exprimuji ,nezavisle" a pak se musi ,potkat” -
trans-assembly model ...

CO -translational

assembly

transkripce genu u prokaryot je regulovana operony: funkéné
vztazeneé geny/proteiny (komplexy) se transkribuji z jednoho
operonu (tandemové usporadané) — polycistronic mMRNA —
ko-translace a ko-skladani (koordinovane v prostoru i case)



Table 1. Proteins analysed by Rlp-chip and mRNAs associated with them.

Podjednotky komplextu koexprim ovany (ko-translace)

Function of proteins encoded by interacting mRNAs

INO80 and SWR1 chromatin remodelling complexes (18]

DNA helicase, SWI/SNF complex [17]

DNA helicase, SWI/SNF complex [17]
INO80 chromatin remodelling complex [18]
INO80 chromatin remodelling complex [18]

Bait Bait function/protein complex Enriched mRNAs

Tea2p Kinesin motor protein [32] tip1 CLIP170 family, binds

Cdc2p cyclin-dependent protein kinase [33] ruml CDK (cyclin-dependet
cdci8 DNA replication facto

Stylp MAP kinase; stress-responses [14,34] pyp2 Tyrosine phosphatase

(Spcip) cip2 RNA-binding protein

Rpt2p (Mts2p) 195 proteasome regulatory subunit * [35] ubp6 Ubiquitin C-terminal |
rhp23 Rad23 homolog * [35

Rpni2p 195 proteasome regulatory subunit * [35] ean29 Proteasome compong

(Mts3p) rpni301 195 proteasome regu
rpn1302 195 proteasome regu

Atflp Transcription factor; stress response [36] pcrl Transcription factor, i

Mnh1p Mago nashi homolog; splicing * [35] mnil Protein with Mago n:

Arp6p SWR1 complex; chromatin remodelling (18] alp5 = Arp4

Arp9p SWI/SNF and RSC complex; chromatin remodelling [17] snf21 DNA helicase, RSC complex [17]
snf22

Arpd2p SWI/SNF and RSC complex; chromatin remodelling [17] snf21 DNA helicase, RSC complex [17]
snf22

Arp8p Ino80 complex; chromatin remodelling [18] ino80

Arp2p Arp2/3 complex; actin polymerization [37] arp8
arp9 SWI/SNF and RSC complexes [18]

Only proteins that copurified with mRNAs other than their own are shown. Proteins that have not been characterised in 5. pombe, and for which the information is a
prediction based on the behaviour of orthologous proteins are marked with a star.

Podobné u eukaryot — mRNA podjednotek komplexu ko-precipitovaly
(ikdyz nejsou na jedné mRNA — ale jsou ko-translatovany)

Duncan & Mata, PLoS Genetics, 2011 (S. pombe)
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Stabilni proteinové komplexy jsou slozené z jednotlivych
proteint/podjednotek které spolu interaguji - pokud schazi
podjednotka, tak nefunguje cely komplex — komplex se
nesestavi nebo rozpada (nestabilni — degradace ...)

Deplece kterékoli podjednotky mutace podjednotky drzici
lidského komplexu méa za pohromade komplex (narusila
nasledek pokles hladiny N§e3-Nse4 | Nse3-Smc6) muze
ostatnich proteint mit podobny efekt ale ...
eIRNA: NSE3
. 8 ) Smc5/6 IQ_L a'
i35 g 2
c e3iziie g £
SMCS = == :l — . —
NSEda = we [ ] — —
NSE2 = = . v wi = =v -—
MAGE-G1— = I:l L —
NSE1=| = . |:| —— —
Vimentin— —

12 3 4 5 6 7

van der Crabben et al., JCI, 2016



... Stabilita komplexu je zpravidla vétsi nez
pouhy soucet jednotlivych protein-proteinovych
iInterakci mezi podjednotkami (vetsi povrch, :
efekt pfiblizeni a zorientovani partnera ...)

Pull-down
u B u B [ u B | u B Proteinovy
Nse4 [N |7 - control komplex
NSE3 . B e
Nse1 — - .- kvasinkovy
1 2 3 4 5 6 7 8 9 10 2-hybridni systém
Smc5/6 AL
Smcé Smc5 S @@?
... pferuseni protein-proteinove S
interakce je relativné snadné u
slabych dimerd — vétsi . Nse3+4
komplexy jsou vétsinou Nse3+4+1
stabilizovany vice interakcemi a Nse3+4
je tedy obtiznéjSi je narusit >
(mutaci &i inhibitorem) A Nees Nsed+d+1




ProC skladat komplexy z mensSich podjednotek?

— skladani funkcniho komplexu na specifickém misté (toxin je
transportovan jako rozpustny monomer a poté se sklada =>
stava se toxickym az mimo puvodni bunku)

— skladani i rozpad komplexu jsou snadnéji kontrolovatelné,

reversibilni (protoze podjednotky asociuji skrze mnozstvi
relativné slabych interakci - nizka energie)

— velky komplex (homo-oligomer) muze byt kddovan relativne
kratkou genetickou informaci (sklada se mensi protein — vetsi
je meéné stabilni a hufe se sklada)

— mensSi pravdépodobnost defektni makromolekuly (mensi gen
=>mene mutaci + da se relativné snadno vyhnout chybam —
odstrani/degraduje se pouze jedna poskozena mensi
podjednotka => mene energie nez pro napravu celé struktury)

— evoluéni vyhoda modulu
(novy komplex vznika
zaménou podjednotek)




F-box protein E2 ubiquitin- Nékteré komplexy jsou modularni — napf.

:::::Eit:; (substrate-binding arm) CO::'J‘l;g::::g SCF (Skp-cullin-Fbox)
(Skp1) e 4~ rizné cullin (scafold) nebo Fbox (adaptor)

molekuly

- ruzné komplexy rozeznavaji rizne
e  substraty (ubikvitinace)
- delece jednoho F-box proteinu/genu
eliminuje pouze subset substratu
- delece jednoho cullin proteinu/genu

scaffold protein

(A) (cullin) eliminuje vétsi spektrum substratu
- delece jednoho RBX (RING-finger)
proteinu/genu eliminuje vétSinu substratu

d
Cullins - '
Specificity @ - ’ @ ﬁm @ ﬁm @
modules

SCF1 SCF2
(FBW7,SKP2, B-TRCP) (VHL)

Uetz and Finley, FEBS Lett. 2005
Figure 3-79 Molecular Biology of the Cell (© Garland Science 2008)



Network/interaktom SCF komplexud a jejich substratu

moc}ule

@ N ORIGIN OF REPLICATION
CELL CYCLE REGULATORS

Substrate

Scaffold

METHIONINE SYNTHESIS

Ubiquitin ( Ub )€ ﬁw

Rbx
o~

Ubiquitin-transferring
enzyme

KINETOCHORE

E2 ubiquitin-

» F-box conjugating
C‘T "‘i Cep3 proteins enzyme
Cbf2

Mck1

/vmaa adap.tor
=i protein 1

\/
- %V 7
\ ' Ram1
Vma2 adaptor scaffold protein
VACUOLAR H*-ATPase PROLEN.2 (cullin)

ASSEMBLY Figure 3-82 Molecular Biology of the Cell (© Garland Science 2008)



Zavery
Stabilita komplexu je zpravidla vétSi nez pouhy soucet
jednotlivych protein-proteinovych interakci

funkce celeho komplexu je zavisla na kazdé podjednotce
(komplex se nesestavi nebo rozpadne bez vSech
podjednotek)

nékteré podjednotky mohou plnit funkci adapteru i
leSeni (scafold)

proteiny jsou spojeny prostiednictvim interakci mezi
domeénami — interakce mohou byt modulovany
posttranslacnimi modifikacemi (dynamické komplexy)

I
equilibrium controlied by
[ localisation an'd protein and/or binding energy AG \
concentration(s)
( co-expression, subcellular localisation or \ molecular (cooperative/allosteric) binding 1e
compartmentalisation concentration of metabolite, proten or ions

(e.g ATP, Ca™) or covalent modification
level of gene expression/secretion, degradation, through enzymatic activity ( e.g. POy)

temporary storage, local molecular environment,
\ \ diffusion or viscosity J pH, temperature, ionic strength }

Nooren a Thornton, JIMB, 2003



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 — 17.4.2018
- 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 izolacni:

- 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 17.4.2018)

.. visualiza¢ni metody




Metody analyzy a izolace PKxu

UItracentrlfugace analyticka (preparativni — malé objemy)
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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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Ko -purifikace
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3. Gelova filtrace - Ize jesté dodistit subpopulace komplexu
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Metody izolace a analyzy PKxu . &

212

- TAP-tag (, Tandem-affinity purification®, -
jiné tagy a protilatky) ., e«

97.2

s — CBP-Rse1

iy Sap155

66.4

Protein CBP A
]

55.6

| jiné kombinace
(HBH — His-biotin-His)

42.7

36.5 TEV protease
/ TEV protease

66 — j_—_'_v — Hsh49

Tandeme-affinity purification

(vicestup nove — vysSi Cistota ) Q =
1. Protein A (vaze 1gG beads) n.mm..n, .
2. TEV-proteasové misto (Iobacco

etch virus) — uvolnéni z matrice
3. calmodulin-binding

(CBP) — eluce EDTA Q

TEVprotease eavage
Zaintegrované v genomu (pfirozena

h&lmodulm Beads ~
M Second affinity purification
hladina proteinu, pfirozeny vyskyt

partnerd/komplexu ...) uauveenuuonfm ‘

zname jeden protein — hledame dalsi ~a
podjednotky * Puig et al, Methods, 2001



|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

Ruzné pristupy charakterizace 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



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




AFM
atomic
force microscopy

Contact mode -IIII-IIIII\-\
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Sample Surface

Uchihashi et al, Nat Prot, 2012



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



