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Osnova kurzu

uvod — metody analyzy proteinovych
komplexu, strukturni biologie

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

nejvetsi proteinovy komplex = chromosom

DNA-vazebné komplexy

Komplexy iniciace transkripce
Komplexy opravujici poskozenou DNA
Komplexy chromatinu
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Evoluce proteinu a komplexu



Program prednasek 2015

25.2.2016 10-11.50hod A2-2.11 doc. Paletek  Uvod, analyza komplex

3.3.201610-11.50hod A2-2.11 doc. Marek Uvod do strukturni biologie
10.3.2016 10-11.50hod A2-2.11 doc. Paletek  Protein-proteinové interakce, skladani komplex(
17.3.2016 10-11.50hod  A2-2.11 Dr. Muller Chaperony

24.3.2016 10-11.50hod A2-2.11 Mgr. Adamus  Ubiquitinace, ligasy (cullin, APC), proteasom
31.3.201610-11.50hod A2-2.11 doc. Marek Signalni drahy, GPCR

5.5.201610-11.50hod A2-2.11 doc. Paletek  Chromatinové komplexy
12.5.2016 10-11.50hod A2-2.11 doc. Palecek  Evoluce proteinovych komplexd
19.5.2016 10-11.50hod A2-2.11 doc. Paleek  ZkouSka - test

7.4.201610-11.50hod A2-2.11 doc. Paletek  DNA-proteinové interakce, vazebné motivy O
14.4.2016 10-11.50hod A2-2.11 doc. Paletek  DNA-proteinové interakce, transkrip&ni komplexy 2
21.4.201610-11.50hod A2-2.11 Dr. Blazek Cyclin/CDK komplexy v buné¢éném cyklu a transkripci o
28.4.2016 10-11.50hod A2-2.11 Dr. Spirek Oprava DNA, homologni rekombinace 3

=
)

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

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



- doporuceni prednasek: Struktura a funkce eukaryotickych

chromozom (C9041, prof. J. Fajkus) ...

Doing Structural Biology with
the Electron Microscope
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Seminar course S1007 / C9940

Modern electron microscopy in structural biology on the cellular
and molecular level is performed by cryo-electron microscopy
(cryo-EM) and cryo-electron tomography (cryo-ET).

Both methodologies 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.

The students will gain knowledge and should understand the

principles of structural analysis by transmission electron micro-
scopy, its application in chemistry, biochemistry, structural biology,
biophysics and materials science.




Informachni zdroje

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

... hejnovéjsi ¢lanky z ¢asopist Cell, Nature, Science, PL0S ...

Ciick to LOOK INSIDE! Introduction
B T to Protein-DNA
Interactions

st

[EXTROOK O %
STRUCTURAL
BIESLOGY E

Anders Liljee, Lirs Liljas,

g ’ Jure Pisksr, Ghran Lindklom,
i
gt Poul Nissen B Blores K|eldgaard

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




Zkouska: - test + prednaska

Smch/6

e Uvod - Analyza proteinu
— Domeény
 fold-struktura (ss, PDB) SUMO /
* v PyMolu pripravit 3D strukturu Ligase (/
 Interakce (IntAct)
— Komplexy
 Funkce N7 '

e | okalizace Tandem-WHDlx_'}\Tandem-WHD
— evoluce

o Konkretni nova data — Clanek (< 5 let)

v-SMC x-SMC

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



Primarnim zdrojem strukturnich informaci = PDB

voda, ATP ATP pumpa _ ;
bump mikrotubuly chromatin

v

§ Structure Function
2

Small molecules

lVi'uses:denihndes

é Digestive Enzymes
Q | Bood Plasma

i ATP Synthase 30 Structurs for 1679

PDB ID: 1678, 1217, 112p,
Zaiu

Four 30 structures show
different parts of this large
protein complex.

Learn more from the
Molecule of the Month
article ATP Synthase
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PROTEIN DATA RANE
] YoR-101

Cellular Location

b T 2 _'.
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Extracellular Membrane Inir.Er_‘-éIIul;a-r-'Ej.'tnsc-I-
- - — S

Interaktivni web PDB-101 - relativni velikost komplex(

IntracellulanMucleus




Priklady komplext o kterych uslySite v tomto kurzu
chaperon

RNA polymeraza

RNA polymeraza + TFlI...

TBP

uiewoJayd

TFIIH

nukleosom
proteasom Molekula mésice (PDB 101)
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Nucleosome| 1 | [ 2ID3
Clamp and DNA sliding clamp | 2 | [} 18XJ
RNA polymerase Il | 3 | | 1Y1W
RNA polymerase | | 4 B 1435
Microtubule nucleator,
7:TuSC rings 2 . e
RNA polymerase Ill| 6 | [0 1322
Taub0/DTaud1| 7 | 2J04
portin-1/tRNA/RanGTP | 8 | [ | sica
Ribosome| 9 ] sovw
exosome| 10 | [ | 2wes
Hsp104 protein chaperone |11 | | | 1358
26S Proteasome (12 | [ | 1ryp
ESCRT-I core |13 | 2p22
Cytochrome BC1| 14 | kB9
FOF1 ATP synthase | 15 | 2wpD

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



NejCcaste|SI postup charakterizace
proteinovych komplexu

Novy gen/protein — charakterizace funkce a funkcniho kontextu =>
- identifikace partnerl tzn. PPI respektive izolace komplexu

2. - charakterizace komplexu viz MGP - 3.5.2016
- vzajemné PPI podjednotek - architektura/struktura komplexu

- funkce podjednotek (geneticka analyza, lokalizace v bunce ...)
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 3.5.2016)
.. visualizacni metody




Metody analyzy a izolace PKXxuU

Ultracentrifugace — analyticka (preparativni — malé objemy)

o
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Cukerny/hustotni gradient
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presné vyvazit!
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Centrifugal force



Metody analyzy a izolace PKxu

Ultracentrifugace — analyticka (preparativni — malé objemy)

A GFP:Rhal

e T — total
S — soluble

S51kD | oy - - «m |anti-GFP

0KD)| o - anti-aleurain M - membranOVé
frakce (... jaderna

29kD| - - anti-GFP

)

B Fsucrose 46 44 42 40 3R 36 34 31 30 28 25 24 22 21 20 1E 14

[wiw) 1 2 3 4 5 6 7 B @ 10001 12 13 14 15 6 17
BiP T T = - u—-“..
Rhal — R —
AtPEPI12p -— e e . =
w-COP - e =

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

Lee et al, Plant Cell Phys, 2004
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Vs
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Cim hustsi je roztok tim vice ,brzdi* ¢astice => t&73i ¢astice projdou dal

Centrifugal force



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 tvori oligomery, agregaty

Absorbonce V.
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- SMC5 Priklad: SMC5/6 komplex — v bunécném lyzatu (nebo
| purifikovane proteiny viz dale)
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Metody izolace a analyzy PKxi &

212

- TAP-tag (, Tandem-affinity purification®, o b o
jiné tagy a protilatky) ., ...

i = ySap155

Protein CBP A
I

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

e 36.5 TEV protease
! %V\V / TEV protease

Tandem affinity purification T — e

N NS

il

1. Protein A (vaze IgG beads)

First affinity purification

Qq

2. TEV-proteasové misto (tobacco

etch virus) — uv_olnfenl Z matrice rev age

3. calmodulin-binding

(CBP) — eluce EDTA CaEmoétslin peads i
Zaintegrované v genomu (prirozena Secondatlintype
hladina proteinu, pfirozeny vyskyt ‘
partnerd/komplexu ...) Naﬁmamgam;

podjednotky

zname jeden protein — hledame dalsi ~
gi Puig et al, Methods, 2001



Metody izolace a analyzy PKxu

;—
Protein:Protein Interaction

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

’%%o«ﬂ»o , -
: Protein Immobilization

Protein Purification

|

HaloTag®
Fusion Protein

Labeling pa
\ Fluorescent ligands Protein Labeling and Detection

Protein Quantification

8567MA

Cellular Imaging

e

Velmi vhodny HALO tag pro izolaci komplex(: kovalentné vazany ligand (silné;jsi
vazba, vice oplach()

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



Metody izolace a analyzy PKxu

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

| blot
< o« MYcRad18 nge
. L = s SMC6
2 D E
s L. <— Hep70 S §
5 T g o arm ¢
o Z
2 wx L Nse3
S -5 —— 4— Rad62 head
O :
- - Nse?2 bridge
s B = e
a1
Pozor na kontaminace
(napr. chaperony) Zname-li vice podjednotek - znacky na riizné
MS analyza SDS-PAGE podjednotky komplexu (vs TAP na jedné

podjednotce) — postupna purifikace => kompletni

nebo roztoku komplex (vychytany pFes riizné podjednotky)

(Apuebi| ogau Apndad) aanja jugnadwoy



Izolace komplext z kvasinky Saccharomyces cerevisiae

a Strategy External datasets
: . r I'I i Yaast ganome 6,466 ORFs MIPS/SGD
: Strain 1—]orr+ [ —{orea}— — | TAP cassette integration 5,474 (85%) 2002 genome
. Strain 2 iy | TAP fusion expression 3,206 (59%) annotation
- S oo :
e i 8 Socio-affinity model
Co=purified proteins oo
1 | 2 |250| 40| 45 |145|350(230) 134|100 (300|600 | 700 b _

Blglle]]=]- . Attachments e
]::E asm| ¥ . N - . = Y affinity
l df | =+ L * ® e

.....

. Complex 1 Cores Complex 3
4
Complexes 491 Set of known
Cores 478 complexes:
Modules 147 MIFS (217)
Isoforms 5,488 PubMed (62)

Gavin et al., Nature, 2006



Tagging
system

in vivo
function

Purified
interaction
partners

RU{zné pfistupy izolace komplexu

klasicky
Affinity Purification

Epitope for
antibody

3XFLAG

alternativni
BiolD
(Proximity Biotinylation)
: Biotin activation k
o g

BirA*

J

. - M
Activated biotin cloud

| - b

J
\
Streptawdl n‘h

\_ beads

GTOZ 10id [ ‘[ 10 Maqure]

Biotinylace na
vzdalenost
<20nm

MS identifikace
biotinylovanych
protein(



Metoda BiolD

Express BiolD-fusion protein Add biotin to cells
- \ B
BirA biotin ligasa (fusovana k proteinu) Lyse cells

|

Denature proteins

¥ . Biotin affinity
f“ purification . rl_

» j\b 1
Biotinylovaneé|proteiny jsou purifikovany pomoci streptavidinu

Mass spectrometry
to identify candidates

- .

Roux, CMLS, 2013

Pridani biotinu v
urcCitém Case (rychlée
pripojeni) — pulse-
chase — |Ize sledovat
interakce v case
(napf. bunécny
cyklus)

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

Citliva metoda
(kovalentni znaCka
zustava i po oddaleni
interakCniho partnera
— slabé/transientni
interakce (ne cely
komplex — pouze
,sousedici“ proteiny
<20nm)



NASP
SHPRH
CHAF1A
CHAF1B
CDAN1

HIRA
UBN1
UBN2

HAT1

ASF1A
ASF1B
UBR7
IPO4
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Histon chaperony
(5.5.2016)

/o FDR < 1%
() 1% <FDR < 5%

5% < FDR
relative abundance

®
E

> 50

spectral counts

.

Lambert et al, J Prot, 2015

Pridani biotinu v
urcCitém Case (rychlée
pripojeni) — pulse-
chase — |Ize sledovat
interakce v case
(napf. bunécny
cyklus)

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

Citliva metoda
(kovalentni znaCka
zustava i po oddaleni
interakCniho partnera
— slabé/transientni
interakce (ne cely
komplex — pouze
,sousedici“ proteiny
<20nm)



Mapovani komplexu - crosslinking

Po crosslinku komplexu lze provadet purifikaci za denaturacnich podminek (tag-ligand
interakce musi byt odolna vici denaturaénimu €inidlu — napt. 6xHis-tag vaZze Ni-kuli¢ky
I v 8M mocovine)

Protein complexes in live cells Fixed protein complexes
crosslink propoji podjednotky - stabilizuje komplex
Chemical NaO;S\ / | \
—p Crosslinking —» sl ,U\ s LN /’“"*—7
in vivo 1 o X K R

} ~{ D DD D N

: ’ = \ ()’ SO 3N d

Affinity purification 0

.

Generate peptides

by digestion - estery reaguji s Lyvs (,s-amlnl) a amino-
koncem (homofunkc€ni - spoji proteiny
; 4 dohromady v jednom kroku;
Identification of Determination of heterofunkcCnich - postupna aktivace)
complex constitients protein interface sites - s tagem — pFeéistit (vzorek neni tak
_— - " . komplexni pro MS analyzu)

w“

-fs\ —gﬁ Reactive group 1 Reactive group 2

|dentifikace
podjednotek Mapovani . ’

komp|exu interakci
podjednotek
Roux, CMLS, 2013 ( W ) Reactive group 3
Sinz, MS Reviews, 2006 (e.g. biotin)



Mapovani interakci mezi podjednotkami
pom%ci crosslinking

mc1
Smc3 E — £§£\HL3
| — 4-Scc1intact

& Piiklad jednoduchého komplexu
; C *=+ hinge
Smc3

Smc1

. coiled-coils

-
*
*

- ' : ) .
8 8 8 Pds5B [ N’
Veld et al., Science, 2014



Rvb 1/2

priklad velkého komplexu
(zjednodusené schéma — jak
jsou podjednotky
,prositovany” — jak jsou v
prostoru blizko sebe)

w» Swri-FLAG
[C-MOdU'Gl : Bdf1

Rvb2 -Arpd, Swcd
va1:' P

- Acti
== Swceh

- Yaf9

Swe7
—

Integrace dalSich dat:
- krystalové struktury
- cryoEM data

Nguyen et al., Cell, 2013



A SWR1-AC-Mod SWR1-AN-Mod © - SWRt D
.

Swri-FLAG
Swri-AN
Ban
94, Swod
/b2, Rvb1
5:;:;6 =
[ -

Yalg | —

swrt

C-Module

SwcT §
SWR1-WT SWR1-A(N/C-Mod) *.'-

' o Class  Class _— " Difference
3D # Projection “average average" Projection < 3D map

AC-Mod £ .-- @
v DB 2
A os 2 .. o
oo, IR
e
s DG 2 B

Analyza architektury komplext (SWR = remodelovaci)

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

- srovnat tvar riznych komplext (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 komplexu
- krystalové (a NMR) struktury
Ize nasledné ,dokovat“ do tvar(
z EM

NejlepSi cryoEM maji rozliSeni az 4A

Bai et al, eLife, 2013




A GFP-Bax wild type

100 min

C Dots Aggregates Lines

Arcs

Rings Double lines

Lokalizace
proteinovych
komplexU

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

+ AFM (atomic force
microscopy)

Gallego et al, EMBO J, 2016




Lokalizace
proteinovych
komplexu

Bax protein vytvari pory v
mitochondrialni membrané
(apoptosa)

Gallego et al, EMBO J, 2016
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[ 3dprint.nih.gov;

BY NICOLA JONES

Existuje mnoho
nastrojl na
visualizaci
komplexU

od PyMOL pro
primou visualizaci

krystalovych
struktur ... 3D tisk



Visualizace proteinovych komplexu

Molecular
ingredients

\ '

%
/ : cellPACK ¢

— > ‘7
Surface Mesoscale ‘
containers molecular model

Current Opinion in Structural Biology

Pro lepsi predstavu (virové Castice) se integruiji ...
(nakopirované) struktury, data z molekularni dynamiky
(simulaci), koordinaty pohybu ,,objektu” ve svételném
mikroskopu ... animovat i bunécny kontext — namichat v
,realnych* pomérech do ,organel” a na ,membrany* —
CellPack ...

Existuje mnoho
nastrojl na
visualizaci
komplexu (i v
bunéCnéem
prostredi)

od PyMOL pro
primou visualizaci
krystalovych
struktur

... az po CellPACK
pro interaktivni
nahled do bunky a
jejich procesu

...vychazi z hernich
a animacnich
algoritmu ...

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



Visualizace proteinovych komplext - CellPACK

.' L ' ( »
- .
R-offMa closeMa closeMa-Env closeEnv

C Gag-Env nahodne Gag-Env intetraguji Env cluster
Observed (ref. 39) [— cellPACK models to simulate ﬂuorescence
280
[+
2
> 1 §68.0 I
[
w
©
2
£
= l @0
¥412.0
Condition: WT PRi-) R-noMa R-ofiMa R-InMa closeMa closeMa-Env closeEnv

X2 to PR{-): Lp < 0.00H p < 0.00+ p <0.410< p =073 p=0.402! p <0.00+

CellPACK poskytuje vhled do
bunécénych procest — pouzit
na simulaci distribuce protein(
virové castice (napr. R-noMa:
random-bez interakci)



Analyza proteinovych komplexu
vice doc. Marek vice Metody GP

Structural analysis Molecular interactions studies

0.1 5

& g
- o
0.01 e

o

- Q

Nucleosome targeting, B

0.001 complex formation and é
architecture S

i

0 005 01 015 02 025
q (A7)

NMR, crystallography, SAXS,
electron microscopy

Protein concentration

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

Analytical methods

w.LY

Chemical probes and libraries

=
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i =4y 8
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Tl |l | ey e e

400 600 800 1000 1200 1400 1600 9
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Mass spectrometry, pull-down assays,
electrophoretic-shift assays,
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 komplexu

APPROXIMATE TIME SCALE (SECONDS)

DNA to CHROMOSOME
Challenges and Methods

102 10°

1076

Coarse-grained
modeling

All-atom MD,
Noneq. Stretching

Single-molecule
biochemistry,
3D Cryo-EM

X-ray, NMR, AFM
Optical Tweezers

100 10! 102 103 104 105 108 107 108 10°
APPROXIMATE SYSTEM SIZE (base pairs)
Current Opinion in Structural Biology




