 Zipper typ — Jun-Fos
* Helix-turn-he
« Zinkovy prst

* Velky zlabek ma velikost
odpovidajici rozmérum a-
sroubovice a ma exponovane
vazebneé skupiny

* NejCasteji interaguje Arg (pozitivni
naboj + vodikové vazby)

Histon, HMG-box

B-barrel
B-hairpin/ribbon
Smisené o/

Pribéh transkripce —> enhanceosom —> skladani komplexa -

RNA pol II



- histony vazou DNA sekvencne nespecificky

- histonové podjednotky (H2A, , H3, H4) obsahuji svazky
3-4 Sroubovic skladanych proti sobé (histon fold)

- DNA se obtaci kolem valcovitého oktameru (2x4 histony)

- Sroubovice se vazou na cukrfosfatovou kostru DNA
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Histon fold H3-H4 dimer

Povrch/kontakt tvofi lysiny a argininy

histone fold
N al 14 a2 L2 o3
H3
i 45 58 64 78 B6 114 121 131
histone fold

12,03

31 40 48 76 83 93 '

1 L1 e

H4

J



- H3-H3 interakce = (H3-H4), tetramer






vazba na DNA

- H3-H3 interakce = (H3-H4), tetramer —



- H3-H3 interakce = (H3-H4), tetramer
- dimery H2A- (H2A — vaze H3)
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- H3-H3 interakce = (H3-H4), tetramer
- dimery H2A- (H2A — vaze H3)




Sestavovani
nukleozomu:

kliCova interakce mezi dvema
H3-H4 dimery je
zprostredkovana histonem H3

Dimery H2A-H2B se vazou
nasledné z obou stran
tetrameru (H3-H4),

HIA-HIB
- dimer

twa dimers
bind to H3-H4
tetramer

histone
oclamer
3
) . .

Figure 4-26 Molecuwlar Biology of the Cell (© Garland Science 2008)
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Konce histonu

- N- a C-konce histont vybihaji z jadra nukleosomu a ovliviuji jeho vazbu
- modifikace (napf. acetylace) mohou oslabit interakce s DNA a rozvolnit

nukleosom — mohou vazat jiné proteiny (napr. bromodomeéna) O ("_‘




Konce histonu

- N- a C-konce histonu vybihaji z jadra nukleosomu a ovliviuji jeho vazbu
- modifikace (napf. acetylace) mohou oslabit interakce s DNA a rozvolnit

nukleosom — mohou vazat jiné proteiny (napf. bromodoména)

H2A C-term m

Histone globular
regions

® acK
O meR
o ok hea)
B ps
E uk
histone fold
aM ol 1 a2 L2 o3
H3
1 45 56 64 78 86 114 121 131
histone fold
il L1 2 L2 1
H4
1 91 40 48

76 :|<]00'
=
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)

B H3 .H4 H2A W H2B [ DNA



Modifikace histonu

- napf. acetylace lysind (zména naboje) oslabi interakci s DNA a rozvolni vazbu
oktameru (zpfistupni DNA pro TBP)

- nasledné se TFIID vaze na Ac-H4 (K8, K16) prostfednictvim bromodomény
TAF1 proteinu (reader/writer/eraser)

P
ﬁsngﬁgﬁﬁﬁnnh:nxmnssRAGLQvaGnv A H2A H3 -

1 5 9 1315 \u
K

0 H2A C-term > i\
y | H2BK123 H2A
? ? ? . H3 Histone globular = 5
FPEPAESAPAPEKEKGSKEKAVTEAQEEDGEKRK A H2B it S
5 12 1415 20 2324 \u ' '\
I
X 4
120 /
? $ ﬁ ? ’ ® acK
A 'r QTARKSETCCKAPHKQLATEAA ISAP&TGGVI K H3
2 910 14 178 23 262728 79 O meR
® ek za)
M PS
- = - B uk
o0 e B @ W "
SCHCEGGEGLGEGGAERHREVLRDNIQGIT—— K H4 (B)
1 3 5 B8 12 16 20 79 hrnmndﬂmain $UbUﬂitﬂfTF"D
L I L ]
N-terminal tails globular
domains
’ methylation P phosphorylation @ acetylation U ubiquitylation
1 1
—

y Molecular Biology of the Gell (© Garland Science 2008)
histone H4 tail



H2B-tail

NF. / N a Te~nmelripéni faktory NF-Y

| \ Inotky B a C ) obsahuji
“WH*-\ old a vazou se sekvencné
s ificky na cukrfosfatovou
ako histony

se v dusledku vazby ohyba
€ Jako v nukleosomech

\ podjednotka rozeznava

~ sekvenci pomoci a-
Sroubovice (interkalace do MZ2)

&
HZB/H2A o MF-YB/NF-YC
Nardini et al., Cell, 2013 S
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o
Histon-fold doména se nevaze na DNA  Shao et al, MCB, 2005 X




- TAF4, 6, 9 a 12 obsahuji histon-fold a jsou ve dvou kopiich
(nikoli v dimerech) v ,core” Casti TFIID komplexu

- TFIID komplex a TBP jsou kliCové pro rozpoznani promotoru a
poskytuji scaffold/leseni pro sestaveni transkripcniho systemu

Bieniossek et al., Nature, 2013

spekulativni (viz Louder et al,

1
TAF5

1
TAFG [HE

1 i
TAROEEET 1]

Core:
TAFA [T

1 N terminus 245

[TAFH] [ HF ]

WD40 a0d

Ikl

| . S
1 161
TAF12 e )

start of transcription
TATAbox [~

(A)
l—_ -
-

TBP TFIID

F—— Qe

TFIIB

Nature, 2016)

(B)




Motivy DNA vazebnych domeén

Zipper typ

— Leucinovy zip

— Helix-loop-helix
Helix-otacka-helix
— Winged helix
Zinkovy prst

— BBa zinc-finger

— Hormon-receptor

— Loop-sheet-helix
— Gal4

Histon, HMG-bO)g

B-hairpin/ribbon

B- barrel

.

a-Sroubovice

33. Intearation host factor (1ihf)

B-listy

"”
(=]
c;;:,
2



- pouze B-list nebo hairpin
(vlasenka)
- represory, chromosomalni

proteiny (leSeni pro strukturu -
DNA)

- vazou velky nebo maly Zlabek ¢

33. Intearation host factor (1ihf)

s - B-hairpins lokalizovany podél
= malého zlabku
- Inzerce Pro mezi baze a oh

31. Met repressor (1cma) DNA

:



Motivy DNA vazebnych domeén
Zipper typ |

— Leucinovy zip

— Helix-loop-helix
Helix-otacka-helix
— Winged helix
Zinkovy prst a-$roubovice
— PBPa zinc-finger
— Hormon-receptor

— Loop-sheet-helix
— Gal4

Histon, HMG-box ¢
B-hairpinlribbon‘

B- barrel l p-listy




OB-fold (oligonucleotide/oligosacharide binding)

- 4-5 anti-paralelnich B-listu
(B-barel) zakonceno a-
Sroubovici (kompaktni)

- vytvari uzkou jamku pro
jednoretézcovou ssDNA
(RNA, oligosacharidy)

- vaze 2-5 nukleotidu (baze,
cukry i fosfaty)

- SSB/RP-A a TRF proteiny
(replikace, HR, telomery ...
Dr. Sebesta)

Liljas, kniha )



OB-fold (oligonucleotide/oligosacharide binding, 1JMC)

N

Vice OB — RPA70 (A+B) vytvari prodlouzenou linearni kapst



ATRIP, RAD9, MRE11, p53 - oprava DNA

- ~\ - protein-proteinove
interakce (integrita
komplexu + interakce s

dalSimi proteiny/komplexy)

OB3

/ CTC1 (cdc13 v kvasinkach)
e
STN1 CST komplex (RPA-like)
" — regulace telomer

- ¢ast komplexu SHELTERIN

— chrani telomery (aby nebyly
povazovany za DSB, reguIUJe
pfistup telomerasy) ol E

>

Flynn a Zou, CR in BMB; ZUTU




reasy  RPA32

P - - protein-proteinoveé
J ,@ interakce (integrita
J\_,_/ - 200 0 komplexu)
RPATON"\_{DBD-A]\{0BD-5/ [ ~—, | - cely komplex ~30nt
1 110 181 290 301 422 436 616
RPA komplex

ssDNA: 4GNX

ﬁ(areva et al, EMBO J, 2002
ynn a Zou, CR in BMB, 2010




TATA-box vazici protein (TBP) -
kllcovy pro sestaveni

' “" preiniciaéniho komplexu (PIC)
("\

start of transcription
TATAbox

TBP TFIID

TFIIB

p—
_aa»
;_
_
- 10 anti-paralelnich B-listu
pokryva MZ
- Interkaluji se postranni
retezce Phe (hydrofobni v.)
- vytvari ohyb (kink) a

rozpléta dsDNA [

- Konsensni sekvence:
TATA(A/T)A(A/T)(A/G)




PDB:
TBP a TFIIA (B-barrel TFIIA — neovlivni DNA strukturu) 1NH2

/00%\



Transkripce

- Aktivace — specifické TF

- 1Ci — 75 1 start of transcription
Iniciace — zakladni TF TATA box [—

—— o
-

TBP TFIID

GCN5

Complex r =

Pol 11

A Holoenzyme

CBP

(B) TAF1

' ' domain  subunit of TFIID
- aktivace (VIZ enhanceosom) . bromodomain

modulace chromatinu — iniciace
(sestaveni PIC)

histone Hé tail




- TBP (v ramci TFIID) nastavuje zaCatek transkripce na
molekule DNA (zajistuje spravnou pozici TFIID)

start of transcription

_TATA box |

PDB: 1NH2




- TFIID (1MDa, TAFs) komplex a TBP jsou klicové pro
rozpoznani promotoru a poskytuji scaffold/leSeni pro sestaveni
transkripCniho systému (nukleace PIC)  Bieniosseketal, Nature, 2013

oo —

@ .

S~

—
podjednotek TFIID komplexu vcetnée
TBP vznika funkéni (asymetricky) — e,

@
TBP TFIID* <

holokomplex (PIC) - <




- footprint analyza ukazala jak se TFIIA-TFIID/TBP komplex spoleCné vaze
na DNA (TFIIA pomaha vazat TATA box)

A DNase I footprint
5* label upstream 5" label downstream
- 0o 1p - - IID D -

- A A - - IIA A -

. -—-—o--l“"_.
66 — = -8 B

- = -
21 ‘ — -—

TATA Ij — =§ g E =
2 - - l
- == - -
. .- .

_— — - —_—
2 u
Inr 4
i Y Bl 1 R .A-B B
= I =
— — —
+18 -
 m— —
MTE
—— - — —
+33 e — — — — -
— (— —
—
j— — — —
-3 E B
+45 — — =
— - -
— - - —f

-55

Cianfrocco et al, Cell, 2013
Louder et al, Nature, 2016



pro dalsi postup transkripce je klicovy TFIIB — propojuje TFIID-
TFIIA' s RNApol Il

- o o T 3?0
TF J D2 |

-———'—"'_"-

start of transcription
TATA box [~

TFIIA
__ TBP TFIID

} B

- TFIIB (C-konec = CTD1 a CTD2) vaze TBP a 6-7bp up- a downstream od
ohybu DNA pres cukrfosfatovou kostru (blizko TATA boxu)
)




- TFIIB (N-konec) vaze RNA polymerasu |l a orientuje ji vuci
TFIID/TBP-DNA komplexu

- umisti DNA do aktivniho centra/cleft RNA polymerasy

- vazba Zn-ribbon na Dock, B-finger/reader do RNA tunelu

TFIE |ERGRIBEORN B finger

start of transcription
TATA box [~

Upstream

TFIIB E

(A)
}_‘_ -

TBP TFIID

— i)
Downstream
NA

RNA polymeraselll
Template DNA Q...
Non-template DNA <} =

RNApol Ii

R



- TFIIB (N-konec) vaze RNA polymerasu |l a orientuje ji vuci
TFIID/TBP-DNA komplexu

- umisti DNA do aktivniho centra/cleft RNA polymerasy

- vazba Zn-ribbon na Dock, B-finger/reader do RNA tunelu

TFIG | RGNIBBERN B finger | Linker

- A ”
B T A

Closed DNA i
TFIIB core . -




start of transcription

, TATA box
Rekonstrukce celého PIC O Tp— p—
- biotin-DNA navazana na streptavidinoveé (B,——-
kulicky — na DNA nachytany in vitro — Gt
sestavené komplexy — odstepeno Sall a &
cryoEM - postupné rekonstituovan cely PIC | <P T ot acor
( P~
a +1 He et al, Nature, 2013 :
—41 — 59 &2 - )
— TFIID > e >
TBP(be—__ ° ] |

py* TFIIB + RNApol I




RNA pol Ii

- TFIIF (navazany na
pol II) stabilizuje DNA v
prohlubni/cleft pol Il a
pomaha TFIIB s
nastavenim startu
(WHD z RAP30

podjednotky vaze primo

—_— DNA: BREdownstream)

- vaze TFIIE a pomaha

& sran Nare 22 tak stabilizaci komplexu

a5 144 227 354

18g 2
Dimerizace WH I<] .
S
AN

Vanini & Cramer, Mol Cell, 2012

400
29




He et al, Nature, 2013

rrrrr 4 o
d
—41 N i
=i - | e -TFIIF vaze TFIIEa
—+ TFID(TBP) —> TFIIA — 5, pomaha tak stabilizaci
b c d - komplexu
- tandem 4x WHD

uzamyka DNA v ]
RNApol 11 prohiubni S

Vanini & Cramer, Mol Cell, 2012




—— :
- yravu DNA (NER)
a lidsky PIC komplex
—41 He et al, Nature, 2013
ki - TFIIH (10 podjednotek,

450KDa), podkomplex
CDK7-cyclin H-MAT1
fosforyluje pol Il (Rpb1)
- XPB v kontaktu s <r§
rozviji dvousSroubovict




Louder et al, Nature, 2016

NOILJIYDSNVYHL
VNY _

(3)

9D suorov4
NOLLAIMDSNVYLTVYINID
LSOW 40 ATSW3SSVSIa

NOILLYTAYOHdSOHd A1D ANV d19dLd
ALIAILDYV 3SVYOIT3H dlvdin

_ > ()}
L L _

R

I 9sesawijod YNY

~,

a4l dai

- |
(V)

- Xoq yivl
uondudsuesy Jo Jels

| obe B

Kompletni PIC i s ¢asti TFIID
THIA

Pol Il
TFIB Vs
Promoter ¢



Plaschke et al, Nature, 2016 TBP(bez TFIID) + < %
+ TFIIB + RNApol Il >

https://www.mpibpc.mpg.de/15370105/initiation.mp4 +TFIE + TEIE T




zacatek transkripce - faktory

TABLE 1 Components of the human general transcription machinery

Factor Protein composition Function

TFIIA p35 (o), p19 (3), and p12 () Antirepressor; stabilizes TBP-TATA complex; coactivator

TFIIB p33 Start site selection; stabilize TBP-TATA complex; pol I/TFIIF recruitment
TFID  TBP + TAFs (TAF1-TAF14) Core promoter-binding factor ATA oy SO raRScription
Coactivator A I ;
Protein kinase -ﬁ
Ubiquitin-activating/conjugating activity e
Histone acetyltransferase }——.ﬁ.
TFIE  p56 (o) and p34 (3) Recruits TFIIH (q.-
Facilitates formation of an initiation-compentent pol I e TE U
Involved in promoter clearance k.3 \'
‘ nien
TFIIF RAP30 and RAP74 Binds pol Il and facilitates pol Il recruitment to the promoter o <

Recruits TFIIE and TFIIH

Functions with TFIIB and pol Il in start site selection g b ]
©) "

Facilitates pol Il promoter escape

Dr. éebesta Enhances the efficiency of pol Il elongation alris Pyt U A—
TFIIH  P89/XPB, p80/XPD, p62, p52,  ATPase activity for transcription initiation and promoter clearance §£~}Z€5§f¢i~°§“€$¥%~
p44, p40/CDK7, p38/Cyclin H, Helicase activity for promoter opening -
p34, p32/MAT1, and p8/TFB5  Transcription-coupled nucleotide excision repair ) _®@ 2
Kinase activity for phosphorylating pol Il CTD ' RNA

E3 ubiquitin ligase activity R——

pol |l RPB1-RPB12 Transcription initiation, elongation, termination
Recruitment of mRNA capping enzymes
Transcription-coupled recruitment of splicing and 3’ end processing factors

CTD phosphorylation, glycosylation, and ubiquitination < yg
Thomas et al., CRiB N3 6
RPB1 CTD (heptapeptide YSPTSPS repeat) fosforylace




—— activator protein

- mechanismus aktivace

transkripce zahrnuje vazbu 2T s e
transkripénich aktivatord reeerpreen FACTORS,RNA POLYMERASE,
) MEDIATOR, CHROMATIN REMODELING

AADI EVEC ANM UWICTANE AFETVI ACEC

mediatoru (vytvoreni transkripCni
smycKky) ... uvolneni

chromatinove str}ktury

TRANSCRIPTION BEGINS

RNA polymerase
capping \

factors ( o~

d‘\-—
TFIIH w;cs”i‘ ?\-/
2 <2 u RNA

splicing
proteins f P~ :

mediator

Gibbons et al, PNAS, 2012 j



