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Osnova kurzu
e Uvod — metody analyzy proteinovych
komplexu

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

nejvétsi proteinovy komplex = chromosom

 DNA-vazebné komplexy
 Komplexy Iniciace transkripce
 Komplexy chromatinu
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e Evoluce proteinu a komplexu



Program prednasek 2015

19.2.201410-11.50hod ~ A2-2.11 doc. Palecek Uvod, analyza komplext 0
26.2.201410-11.50hod  A2-2.11 Dr. Kolesar ubiquitinace, ligasy (cullin, APC), proteasom b
5.3.201410-11.50hod  A2-2.11 doc. Marek avod do strukturni biologie e
12.3.201510-11.50hod ~ A2-2.11 Dr. Muller Chaperony C
19.3.201410-11.50hod ~ A2-2.11 doc. Marek signalni drahy, GPCR n
26.3.201410-11.50hod ~ A2-2.11 doc. Palegek protein-proteinove interakce, komplexy e
2.4.201410-11.50hod ~ A2-2.11 doc. Palecek DNA-proteinové interakce, vazebné motivy ch
9.4.201410-11.50hod ~ A2-2.11 doc. Palecek DNA-proteinové interakce, transkripéni komplexy r
16.4.201410-11.50hod ~ A2-2.11 Dr. Blazek cyclin/CDK komplexy v buné€ném cyklu a transkripci 0
23.4.201411-12.50hod  A2-2.11 Dr. Kolesar Oprava DNA, homologni rekombinace m
30.4.201410-11.50hod ~ A2-2.11 prof. Lehmann a
7.5.2014 SMC konference???? t
14.5.201310-11.50hod ~ A2-2.11 doc. Palecek chromatinové komplexy i
21.5.201310-11.50hod  A2-2.11 doc. Palecek Evoluce komplexd n
28.5.201310-11.50hod  A2-2.11 doc. Palecek ZkouSka - test

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

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

- kdo na ¢em pracuje (zapsat) — prednasky o komplexech, na kterych
pracuji studenti — prohloubeni znalosti s novym uhlem pohledu



Zkouska: - test + prednaska

 Uvod - Analyza proteinu
— Domeény
 fold-struktura (ss, PDB)

» v PyMolu pripravit 3D strukturu
 Interakce (IntAct)

— Komplexy
 Funkce
» Lokalizace

— evoluce
o Konkréetni nova data — Clanek (< 5 let)

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



doporuceni prednasek: Struktura a funkce eukaryotickych
chromozomu (C9041), Proteomické metody (CG080)

- e : Seminar course $1007 / C9940
Doing Structural Biology with
Modern electron microscopy in structural biology on the cellular

th e E l e CtrO n M l C I’O S CcoO p e and molecular level is performed by cryo-electron microscopy
. (cryo-EM) and cryo-electron tomography (cryo-ET).

Both methodolegies provide information on the cellular and

molecular level and are therefore ideal for in-depth structural

functional analysis in combination with complementary state

of the art biochemical characterisation.

Cryo-EM is applied to study larger macromolecular complexes
in vitro as whole functional units, which have been isolated and
purified by biochemical methods.

Cryo-ET is the only method to address pleiomorphic structures
like cells, organelles and complexes in a native state in situ.

i
The students will gain knowledge and should understand the
| principles of structural analysis by transmission electron micro-
I scopy, its application in chemistry, biochemistry, structural biology,

biophysics and materials science.
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Courses:
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Informachni zdroje

Alberts a spol: Molecular biology of the Cell (2008)
Liljas a spol: Structural biology (2009) ...

. nejnov éjSi ¢élanky z €éasopis u Cell, Nature, Science, PLoS ...

A MDLECUEAR CLONMING MANLAL

Click t ULD’-I}I{ INSIDE

Protein—Protein
Interactions .........

| EXTROCHK ON

STRUCTURAL
BIESLOGY E
Adiiers Lijee, Lices Liljas, ( .

Iure Pisksr, Gonin LindBlom, o
L > 'oul Missen i dones &jcldpaand

Lr.lc a A Golemis and Peter D, Adams ﬂ‘*r_;l}

Introduction
to Protein-DNA

477 Interactions

STRUCTURE, THERMODYNAMICS, AND BIOINFORMATICS

Gary D. Stormo

Databaze proteinovych struktur: http://www.rcsb.org/pdb/home/home.do,

http://www.ebi.ac.uk/pdbsum/

Database protein-proteinovych interakci: http://string-db.org/newstring_cai ...

http://www.ebi.ac.uk/intact/?conversationContext=1




Science or fiction: way to Imagine
life processes — komplexy a
,molekularni stroje”

Molecular machinery of life:

http://multimedia.mcb.harvard.edu/
http://www.youtube.com/watch?v=ztXiU3c3poM
https://www.youtube.com/watch?v=rohJjghQCmw
http://multimedia.mcb.harvard.edu/anim proteinpacking.html

http://www.youtube.com/watch?feature=player detailpage&v=FJ4N0iSeR8U

Jak védci dosli k takovymto predstavam?
Studiem rdznych proteinovych komplext — 1. krokem je izolace a
charakterizace takovychto komplexu



Metody analyzy proteinovych komplexu

- ultracentrifugace, gelova filtrace,

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

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

- cross-linking MS, (cryo) elektronova mikroskopie ...

Literatura: Protein-protein interactions, Golemis & Adams, CSHL Press, 2005
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Metody izolace a analyzy PKxu

ultracentrifugace
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Je tfeba presné vyvazit!



Metody izolace a analyzy PKxu

ultracentrifugace

A GFP:Rhal

e T — total
51 kD | e —~ @ |anti-GFP S — soluble

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

)

B Fosucrose 46 44 47 40 38 36 34 3] 30 IR IS5 24 27 21 20 IR 14

fwhw)™ 1 2 3 4 5 & 7 & 9 10 11 12 13 14 15 16 17
BiP e = - ¢ o el - | 70k
Rhal - — — 28kD
AIPEP12p - e e . - kD
COP e — - — 92kD
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B. Jemny - cukerny gradient

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
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o Lze poznat zda proteiny tvofi oligomery, agregaty

Absorborce V.

A

7 e
Equilibrotion lov Column volumes



SMCS

SMCE
NSEda

1
NSE1

Taylor et al, MCB, 2008
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GF frakce lyzatu s
lidskych bunék —
podjednotky SMC5-6
komplexu identifikovany

lcv Column volumes



Metody izolace a analyzy PKxu

- TAP-tag (tagy a protilatky) purifikace a
MS identifikace

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

—— 4— Rad62
— Nse2
_— :: Nse1

+ Pozor na kontaminace
. (napf. chaperony)
Tandem-affinity purification MS analyza SDS-
(vicestupriové — vySsi éistota) PAGE nebo roztoku

1. calmodulin-binding & S
(CBP) First affi ificati hinge
2. TEV-proteasové misto “ e

) SMC6 - SM
(tobacco etch virus) 0 | ©
3. Protein A (vaze 1gG)

RS &
!
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Protein CBP A
]

G002 ‘dOIN ‘[e 19 1ueabias

TEV protease cleavage

T
ﬁ Calmodulin Beads ~ )
arm
y Second afinity purification )
'\

MNative elutiom EGTA l

Tagy (myc, HaloTag ...) Q
Zaintegrované v genomu
(pfirozena hladina proteinu,
prirozeny vyskyt
partneru/komplexu ...)

‘)
Puig et al, Methods, 2001 *




Tagy (a protilatky):
Myc, FLAG, V5, S-tag, GFP (vazba pres protilatky)
GST, Streptactin (biotin-streptavidin), MBP ... (vazba pres ligandy)

-
Protein:Protein Interaction

Kovalentné vazany ligand Capture Protein:DNA Interaction

. HaloLink™ (HaloCHIP™ System)

3\/\0-/‘0‘\'0/‘0 _ o .
/ Protein Immobilization

3 Protein Purification
\ Labeling —

HaloTag®
Fusion Protein

o
Promega

-

,'/- 0
3’\’\ * Protein Quantification

Cellular Imaging

.““‘i—

Fluorescent ligands Protein Labeling and Detection

8567MA



Silné interakce/komplexy —

Ko-purifikace

proteiny lze ko-exprimovat (muze

pomoci s jejich rozpustnosti) a nasledné ko-purifikovat (vice

Dr. R. Dopitova)
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Nse4 protein se samostatné exprimuje malo a je malo rozpustny



Ko-purifikace

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

ester
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- estery reaguji s Lys (e-amin) a amino-koncem
- homofunkZni spoji proteiny dohromady v
jednom kroku (velmi komplexni vzorky pro MS)
- intra- (struktura) nebo intermolekularni (PPI)

Intramolecular Intermolecular
Cross-Linking Cross-Linking
Protein @l Frotein 1
C) Protein 2
Cross-Linking
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MALDI-TOFMS,
LC/ESI-MS/MS
MS Reviews, 2006



CFOSS| | n k| ng - estery reaguji s Lys (e-amin) a amino-koncem

- imidy reaguji s Cys (SH-), azidy (fotoaktivace)
- homofunkéni spoji proteiny dohromady v
jednom kroku (velmi komplexni vzorky)

Q\:\.
W heterofunkcni
azid X ) v . .
i D - U heterofunk¢nich postupna
hotoreactive site H\ . /."’ Biotin .
o o~ o M ’ aktivace
N=N=N— <~/ T 0 > M X
— N - moznost precistit
H ‘ '_}=() . Ve .
crosslinkované peptidy (vzorek
neni tak komplexni)
s’
Reactive group 1 Reactive group 2
0]
()‘.‘_:} N, 0 Amine-reactive site Spacer arm
ester '/
'S05 N
SCHEME 2. Chemical structure of the trifunctional cross-linker sulfo- Reactive group 1 Reactive group 2

SBED. . '
( ™ ) Reactive group 3

Sinz, MS Reviews, 2006 (e.g. biotin)




Mapovani interakci mezi podjednotkami
pomagi crosslinking

p— N . T SROEEEp— | S p—"

€4S intact

*~ hinge
Smci




Mapovani interakci v

komplexech
- (ko-)purifikovany komplex
crosslinkovali disuccinimid
suberatem (D10/D12) —
gelova filtrace (oddélili

e necrosslinkované komplexy)
— LC-MS/MS analyza
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Nguyen et al., Cell, 2013



SWR1-AC-Mod SWR1-AN-Mod ‘Swri]

C-Module l‘ ?

SWR1-WT SWR1-A(N/C-Mod) * - \
3D # Projection #, 01358 C1as$ g prgianiion 4 3p  Difference

Swil-FLAG
Swri-AN

RgZRIﬂ

Yaf9 [S—

average  average map

e R <
e 53 [ N R S 2 B
e 3, IR <« B
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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




Rvb1-Rvb2

Swr1 HSA"
Act1-Arp4

Analyza architektury

proteinovych komplex
- krystalové (a NMR) struktury lze
nasledné ,dokovat” do tvart z EM

Nguyen et al., Cell, 2013
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Average from 4 frames

: 1-4, 5-8, 9-12, 13-16 Statistical
Bai et al., eLS, 2013



Studium virovych ¢astic
- Zivy organismus nebo velky
proteinovy komplex?

Lengyel et al, JSFG, 2014



, Metody analyzy proteinovych komplexu
(od izolace po detailni analyzu podjednotek)

DNA-vazebné komplexy
* Komplexy iniciace transkripce
 Komplexy chromatinu
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