Komplexy spojené s transkripci

DNA-vazebné motivy specifickych transkripcnich faktoru
Obecné TFIl komplexy, histon ... a proces transkripce

- velky zlabek ma velikost odpovidajici
rozmérum a-Sroubovice a ma
exponovane vazebné skupiny

- nejCasteji interaguje Arg (pozitivni
naboj + vodikové vazby)

Promoter =



//upload.wikimedia.org/wikipedia/commons/8/80/Transcription_Factors.svg

Zipper typ * Velky zlabek ma velikost

Helix-turn-helix odpovidajici rozmérum o-
sroubovice a ma exponovane
vazebné skupiny

* NejCasteji interaguje Arg
(pozitivni naboj + vodikoveé

Zinkovy prst
Histon, HMG-box

¢ B'barrel Vazby)
* B-hairpin/ribbon * Pribéh transkripce — skladani
« Smisené o/p komplexu

RNA pol II

TBP




H4

- histony vazou DNA sekvencne nespecificky

- histonové podjednotky (H2A, H2B, 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

Liljas a spol.



Sestavovani
nukleozomu:

kliCova interakce mezi dvéma
H3-H4 dimery je
zprostiedkovana histonem H3

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

two dimers
bind to H3-H4
tetramer

Povrch/kontakt
tvofi lysiny a
argininy |

H2B/H2A

rigure 4-2b Morecuiar tioiogy of the Cell (© Garland Science 2008)



H3/H4 interaguji s obéma vlakny — silngjSi vazba




- AP-1/IRF-3/IRF-7/NF-kB pokryva sekvenci - 52
102 az -47 basi upstream od pocatku
transkripce

- nukleosom-free oblast (nukleosom
downstream zakryva TATA-box)

- v8echny podjednotky (TA domény)

enhanceosomu interaguji s CBP/p300 5
acetylasou § S
- acetylace nukleosomu vede k jeho ‘;3:'

remodelingu/pfemisténi
- uvolni se TATA-box pro vazbu TBP/TFIID a l,
RNA polymerasy |l

IFN-B enhanceosom

CBP/p300

swiAzuaojoH
11 1ed

Agalioto et al, Cell, 2000
Panne, CO in SB, 2008



Modifikace histonu

- acetylace rozvoliuje vazbu oktameru a zpristupnuje sekvence DNA pro TBP
- TFIID se vaze na Ac-H4 prostrednictvim bromodomeény TAF1 proteinu

gene activator protein
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sl chromatin remodeling /{
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histone acetylation bromodomain  subunit of TFIID
AN
general transcription factors
and RNA polymerase
holoenzyme

TRANSCRIPTION ACTIVATION Alberts, MCB (kniha)

histone H4 tail



Modifikace histonu

- acetylace rozvoliuje vazbu oktameru a zpristupnuje sekvence DNA pro TBP
- TFIID se vaze na Ac-H4 (K8, K16) prostrednictvim bromodomény TAF1
proteinu
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Fiaure 4-39b Molecular Biology of the Cell (© Garland Science 2008)
histone H4 tail



- Transkripcni faktory NF-Y
(podjednotky B a C ) obsahuji

. histon-fold a vazou se sekvencne
" nespecificky na cukrfosfatovou
kostru jako histony

- DNA se v dusledku vazby ohyba
podobné jako v nukleosomech

- NF-YA podjednotka rozeznava
CCAAT sekvenci pomoci a-
Sroubovice (interkalace do MZ2)

H2B/H2A . NF-YB/NF-YC
Nardini et al., Cell, 2013
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CCAAT-box - NF-Y se vaze pres histon-

Fromoter 558

S : fold a nahrazuje nukleosom
w— M - podobné jako ubiquitince

histonu (H2B) i ubiquitinace

? HI¥Tomez

-

Nardini et al., Cell, 2013



TBP-associated factors (9 z 13 podjednotek TFIID komplexu

maji histon-fold, ale nevytvari oktamery)
Core:

) 1N terminus 949
TAF4 [IITITNITY [TAFH] CBET]
1 WD40 800
TAFS
1 877
TAFs [CBET | =
1 264 1 161
L] o — TAF2 ]

ve dvou kopiich
(nikoli v dimerech)

HZB/H2A

TAF6/TAF9

Histon-fold doména se nevaze na DNA (podili se C-konec)  Shao et al, MCB, 2005



- TAF4, 6, 9 a 12 obsahuiji 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

Core:
1 N terminus 949

TAF4 [T [TAEA] EET]
WAl a0

1
TAFS
877

1
TAF6 [HET [ HERT |
1 it 1 161
TAFS TAF12 e )

start of transcription
TATAbox [~

TBP TFIID

tB.'I

I__
G
F—— Qe

TFIIB

Bieniossek et al., Nature, 2013



Zipper typ
Helix-turn-helix

Zinkovy prst
Histon, HMG-box

Velky zlabek ma velikost
odpovidajici rozmérum o-
sroubovice a ma exponované H-
vazebné skupiny

NejCastéji interaguje Arg
(pozitivni naboj + vodikové
vazby) B-barrel

Dalsi vazebné motivy (B-listy, B-hairpin/ribbon
hydrofobni AMK, maly zlabek) ||+ Smisené o/f

HMG Kink



- HMGB (HMG-box) obsahuje 3 Sroubovice uskupené ve tvaru L
- 1. a 2. Sroubovice vaze cukrfosfatovou kostru a baze v MZ
- interkalace aromatickych AMK zpusobuje ohnuti DNA

H1-like AT-hook region
wer (T T 0 N1l »
- ohyb a rozvolneni
L AT i i i .
HMGB S o - parovani dsDNA muze

napomahat procesum
replikace, transkripce a
rekombinace/opravy
poskozené DNA

- ohyb napomaha priblizeni
vzdalenych mist nebo
zpristupnuje DNA pro
transkripCni faktory

Phel03

lel22 &

Prof. Fajkus v Stros, BBA, 2010



HMG-D (1E7J)

PYMOL

Aromatické aminokyseliny se interkaluji do MZ a vytvafi kink



- HMGB (B-box) obsahuje 3 sroubovice uskupene ve tvaru L
- 1. a 2. Sroubovice vaze cukrfosfatovou kostru a baze v MZ
- interkalace Phe (aromaticky kruh) zpusobuje ohnuti DNA

(a)

-40 -30 20 -10 +10 +20

HMGBH1

Struktura chromatinu

G

ES

(a)

Inaccessible GR
binding site

- ohyb napomaha
rozvolneni struktury
chromatinu tj. moduluje
pozici nukleosomu

- ohyb muze pomahat TBP
a Iniciaci transkripce

- pomaha zpristupnit DNA
pro transkripCni regulatory

Accessible GR
binding site

Histone-DNA
contact sites




IFN-8 enhanceosom

-.;—1:-2

n

transkripce

" PRDIV

A APRDIII

- HMGA1a se vaze na 4 mista a (ohyba DNA) napomaha sestaveni enhanceosomu

- neni ale soucasti finalniho komplexu - AP-1/IRF-3/IRF-7/NF-kB

- nukleosom-free oblast (nukleosom downstream zakryva TATA-box)

- vSechny podjednotky (TA domény) enhanceosomu interaguji s CBP/p300 acetylasou
- acetylace nukleosomu vede k jeho remodelingu/pfemisteni

- uvolni se TATA-box pro vazbu TBP/TFIID a RNA polymerasy I

Pol 11

-.,A_ Holoenzyme
CBP *

SWISHF

™ ﬁi I c-:rmh:t

Panne, CO in SB, 2008

Pol 11

*A Holoenzyme

Pol 11
Holognzyme

Agalioto et al, Cell, 2000



Motivy DNA vazebnych domeén
Zipper typ |

— Leucinovy zip

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

— Loop-sheet-helix
— Gal4

Histon, HMG-bO)g

33. Intearation host factor (1ihf)

.

B-hairpin/ribbon B-listy

B- barrel
Enzymy

L 4



- pouze 2-3 B-listy nebo hairpin
- represory, chromosomaini =
proteiny (leseni pro strukturu .
DNA) o7 (@9

- vazou velky nebo maly zlabek

33. Intearation host factor (1ihf)

ﬂ A - B-hairpins lokalizovany podél
V malého Zlabku
- Inzerce Pro mezi baze a ohyb
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
— BPBa zinc-finger
— Hormon-receptor

— Loop-sheet-helix
— Gal4

Histon, HMG-box ¢
ﬁ-halrpmlrlbbon‘

-list
|7[3 barrel l p-listy
« Enzymy




OB-fold />\
(oligonucleotide/oligosacharide /\

binding)

4-5 anti-paralelnich B-listl 5
(B-barel) zakonceno a- \y 4
Sroubovici (kompaktni)

vytvari uzkou jamku pro
jednoretezcovou ssDNA
(RNA, oligosacharidy)
vaze 2-5 nukleotidu (baze,
cukry i fosfaty)

SSB/RP-A a TRF proteiny

replikace, HR, telomery
...(Dr. Kolesar)

Liljas, kniha (2SNS)



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

PYMOL

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



RPAJ3IN RPA32
g —

" ,( :)"L.f
I DBD-D A.]l

RPA70 ‘/, 0 - protein-proteinové
Rp,umh_, DBD-AN_{DBD-B \* I interakce (integrita

1 110 181 290 301 422 436 616 komr’)lexu)
- cely komplex ~30nt

| ]1]

Centralni cast RPA komplexu (1L10) a model celého komplexu

Bochkareva et al, EMBO J, 2002
Flynn a Zou, CR in BMB, 2010



ATRIP, RAD9, MRE11,p53 - oprava DNA

Nl - protein-proteinove
N DED-ADBD-B DBD-C . . .
4 .0 | B IRk interakce (integrita
7 komplexu + interakce s
DBD-D .. . _
RPA RPA32 dalSimi proteiny/komplexy)
nespecificka ®, - Dr. Kolesar
vazba
\ ///| RPA14
/’ OB1 0OB2 OB3
:-. 7/ CTC1 (cdc13 v kvasinkach)
e
csT STNT CST komplex (RPA-like)
oW — regulace telomer

specificka ‘

e OB1 OB2 vazba v
— oy - Cast komplexu SHELTERIN
- — chrani telomery (aby nebyly

POT1-TPP1 7 ™M povazovany za DSB, reguluje
S M s pfistup telomerasy)

Flynn a Zou, CR in BMB, 2010



OB-fold (POT1)

domény jsou vuci sobé pootoCeny — ohyb/kink na ssDNA (1XJB)



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 i

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




- TFIIA (2 podjednotky) komplex interaguje s TBP a DNA

- brani represorum v inhibici vazby TBP na TATA-box (ko-
aktivator nékterych sekvenéné specifickych trans. faktoru) —
neni esencialni

- B-barrel vaze DNA (neovlivnuje strukturu)

DNA-binding
site for activator

' activator

TFIIA
TFIIB

= TATA GENE

g e ﬁ
0T O =
ol 2

b
ot

Prara W =
L)

Liljas a spol.



PymoL - TBP ohyba a rozpléta dsDNA




- TFIIB (C-konec) vaze TBP a 6-7bp up- a downstream od
ohybu DNA pfes cukrfosfatovou kostru (kolem TATA boxu)

0 50 100 150 2|OD 25|O S{IJO

] ]
TFIIB | ZRCHBBONN © finger | Linker CTD 1

start of transcription
TATA box [

(A)
}_‘_ -
-

TBP TFIID

\ TFIIF other factors
( ™

RNA polymerase Il

1VOL TFIIB stericky nevadi TFIIA
Nikolov et al, Nature, 1995 Sestavuje se postupné PlC



DNA vazebné motivy spojené s transkripci

- DNA-vazebné motivy specifickych
transkripcnich faktort (enhanceosom)

- sekvenéné specifické — a-Sroubovice ve VZ
- obecné TFIl komplexy a proces transkripce

« Zipper typ
— Leucinovy zip (GCN4)
— Helix-loop-helix (MyoD)
* Helix-turn-helix (mat«2)
— Winged helix (TFIIE+F, H1)
_* Zinkovy prst
— BB zinc-finger (CTCF)
— Hormon-receptor
— Loop-sheet-helix (p53)
— Gal4 (Gal4)

 Histon, HMG-box (H2A-4,
NB-Y, TAFy v TFIID, HMG)

* B-sheet (TBP, TFIIA, TFIIB)
|+ B-hairpin/ribbon
 Enzymy (XPB helikasa)



//upload.wikimedia.org/wikipedia/commons/8/80/Transcription_Factors.svg

IFN-B enhanceosom — zacatek transkripce

- HMGA1a se vaze na 4 mista a (ohyba DNA) napomaha
sestaveni enhanceosomu

- neni ale soucasti finalniho komplexu - AP-1/IRF-3/IRF-7/NF-kB
- nukleosom-free oblast (nukleosom downstream zakryva TATA-
box)

- vSechny podjednotky enhanceosomu interaguji s CBP/p300
acetylasou

- acetylace nukleosomu vede k jeho remodelaci/premisteni

- uvolni se TATA-box pro vazbu TBP a TFIID

Agalioto et al, Cell, 2000

Panne, CO in SB, 2008



100 150 200 250 300 Figure 6-16 Molecular Biology of the Cell

0 5|0 :
TFIIB _ B finger ‘ Linker CTD 1 start of transcription

TATAbox [~

(A)
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-

TBP TFIID
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TFIIB
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TFIIF _ other factors
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RNA polymerase Il

Table 6-3 The General Transcription Factors Needed for Transcription Initiation by Eucaryotic RNA Polymerase Il

TFIID
TBP subunit 1 recognizes TATA box
TAF subunits ~11 recognizes other DNA sequences near the transcription start point; regulates DNA-binding
by TBP
TFIIB 1 recognizes BRE element in promoters; accurately positions RNA polymerase at the start
site of transcription
TFIIF 3 stabilizes RNA polymerase interaction with TBP and TFIIB; helps attract TFIIE and TFIIH
TFIIE 2 attracts and regulates TFIIH
TFIIH 9 unwinds DNA at the transcription start point, phosphorylates Ser5 of the RNA polymerase

CTD; releases RNA polymerase from the promoter

TFIID is composed of TBP and ~11 additional subunits called TAFs (TBP-associated factors); CTD, C-terminal domain.



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

Pripojenim TAF8+10 na ,core” Cast
dochazi ke konformacCni zméné a
vzniku asymetrického komplexu

r"“J EI"I" .II X p I \
surface™
Core-THID TTAF

Two-fold symmetric Structure rearrangement
symmetry broken

Bieniossek et al., Nature, 2013



- TFIID komplex a TBP jsou kliové pro rozpoznani promotoru a
poskytuji scaffold/leSeni pro sestaveni transkripéniho systému

' ﬁ\ cryoEM
— TAF2 .

| TAF7 _ ,' start of transcription

| TER | \—*J/ TATA box
TBFP : g/ | |

_ TBP TFIID

)
) 3 [
| 3 - L3 X
o s e
L -

surface™ g
Core-THID TTAF Holo-TFID
Two-fold symmetric Structure rearrangement Asymmetric
symmetry broken = ~ .
—\-\.___._'_'_,_,—'-

Preinitiation complex
bromodomain  subunit of TFIID

- Po pripojeni zbyvajicich podjednotek
TFIID komplexu vCetne TBP vznika
funk€ni holokomplex — TBP se vaze na
TATA-box ... TAF1 se vaze na Ac-H4

Bieniossek et al., Nature, 2013

histone Hé4 tail
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- Footprint anlyza — ukazala jak se TFIIA-TFIID/TBP komplex
spolecné vaze na DNA (TFIIA pomaha vazat TATA box)
- cryoEM ukazaly, ze docha2| K reorganizaci TFIID

DNase I footprin B MPE-Fe footprint [
~S'lsbelupsiresn S‘Mn'dw"*'m'" §'label upstream | 5° label downstream i 2
e - R e Human TFIID structural reorganization

and core promoter binding
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= = I 2 3
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B

! Cianfrocco et al, Cell, 2013



- Footprint anlyza — ukazala jak se TFIIA-TFIID/TBP komplex
spolecné vaze na DNA (TFIIA pomaha vazat TATA box)
- cryoEM ukazaly, ze dochazi k reorganizaci TFIID

start of transcripti Human TFIID structural reorganization
TATA box [ and core promoter binding

TBP TFIID

Canonical
) Ty I__,.-r’”'“n —
l - vren [ l'i [ .

e | | TE IJE

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

RNA pOl 1 Cianfrocco et al, Cell, 2013 % | TAF1

TAF6/9 Tt L& i



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

0 50 HIJO

|

1VOL
Nikolov et al, Nature, 1995




- TFIIB (N-konec) vaze RNA polymerasu |l a orientuje TFIID-
TFIIA-DNA komplex na pol Il (do jeho aktivniho centra/cleft)
- Zn-ribbon s dock, B-finger/reader s RNA tunelem, B-
core/CTD1 s wall, B-linker s CC clamp

TFIE |ERGRIBBORN B finger

Upslream

start of transcription
TATA box [~

—-

TBP TFIID

s

Template DNA
Non-template DNA



- B-ribbon s dock, B-finger/reader s RNA tunelem, B-core/CTD1 s

wall, B-linker s CC clamp

- umisteni TFIIB determinuje pozici poCatku transkripce
- pozice B-reader (v RNA tunelu) limituje iniciacni krok (12nt RNA)
- po dosazeni 12nt RNA dochazi k disociaci TFIIB (elongace...)

Video
ukazka RNA polymerasy

TFIIB [ZRGRBBONY B finger | Linker CTD 1

-8
Template
strand

=% am W Towards ANA
exit tunnel

RMA

Front view



RNA pol Il s TFIIB krystal s Casti DNA a kratkym retezcem RNA

4BBS, Sainsbury et al, Nature, 2013

... nez RNA polymeraza zaCne musi
se sestavit cely PIC...

TATAbox "

()
}_‘_ -
-

TBP TFIID

TFIIF _ other factors
£ s

RNA polymerase Il
ot 0°0¢

(D) & ,

UTP, ATP HELICASE ACTIVITY
CTP,GTP AND CTD PHOSPHORYLATION

DISASSEMBLY OF MOST
GENERAL TRANSCRIPTION
FACTORS (Y )

-

RNA

TRANSCRIPTION



- postupnym odhalovanim detailu
struktur, mutagenezi podjednotek,
funkCnimi testy (in vitro a in vivo) byly
identifikovany vsechny TFIl a urCeno
pofadi jejich pusobeni

-biotin-DNA navazana na
streptavidinove kulicky — na DNA
nachytany in vitro sestavené komplexy —
odstépeno Sall a cryoEM - postupne
rekonstituovan cely PIC

L ]
a He et al, Nature, 2013 BREu TATA BREd MR
41 - 150 _TBP - lIA - lIB -
E ] E - = Biotin )
BREu TATA BREd INR Sall CTD TEIE _other factors
= o
—» TFID(TBP) — TFIIA — TFIIB — Po! I/TFIIF — TFIIE—> @ \ :‘ -
b & - ﬁ .
( TFIIH -
RNA polymerase Il

' realita = @066

(D) G ,
kbw-

UTP, ﬁTP HELICASE ACTIVITY

T > L LR ——




RNA pol I

3

n

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

- zmena natoceni
TFIA+TFIIB+TBP/TFII
D+RNA pol I

- vaze TFIIE a pomaha
tak stabilizaci komplexu

55 144 227 354
152 292

Dimerizace WHD

Vanini & Cramer, Mol Cell, 2012

400




b

BREu TATA BREd

— THID(TEP) — TFIIA — TFIIE —

c

=
= 3%

Sall

/THIF — THIE—

-vaze TFIIE a pomaha
tak stabilizaci komplexu
(vidi DNA)

- tandem 4x WHD
uzamyka DNA v pol I
prohlubni

Vanini & Cramer, Mol Cell, 2012



b
dsDNA

(closed) ==
THIEX

WH1

299
1 % 482 TFIIEa

142
; i =1 a28 TFIER

; 55 144 227 354 200
jag ag TFI I F(X

Dimerizace WHD

[ =Biotin
I

-vaze TFIIE a TFIIH a
pomaha tak stabilizaci
komplexu (vidi DNA)
- tandem 4x WHD
uzamyka DNA v pol I
prohlubni

Vanini & Cramer, Mol Cell, 2012



TBP-TFIIA-TFIIB
-Pol II/TFIIF
-TFIIE

TBP

TFIIA
RNA pol II

lidsky PIC komplex
a He etal, Nature, 2013

+1

+549

. - T -

BREu TATA BREd INR Sall

—» TFID(TBP) — TFIIA — TFIIB — Pol II/TFIIF — TFIE—>

£%8

kvasinkovy PIC komplex
Gibbons et al, PNAS, 2012

- TFIIH (10 podjednotek,
450KDa), podkomplex
CDK7-cyclin H-MAT1
fosforyluje pol Il (Rpb1)
- XPB v kontaktu s DNA
rozviji dvousroubovici



—XPD

*PB
helikasa
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zacatek transkripce - faktory

TABLE 1 Components of the human general transcription machinery

Factor Protein composition Function

TFHA | p35(a), p19(3), and p12 ()  Antirepressor; stabilizes TBP-TATA complex; coactivator

TFIIB p33 Start site selection; stabilize TBP-TATA complex; pol I/TFIIF recruitment

TFIID TBP + TAFs (TAF1-TAF14) Core promoter-binding factor
Coactivator TATA by fo Of transcription
Protein kinase ™ F—o
Ubiquitin-activating/conjugating activity a ™"
Histone acetyltransferase () :_

TFIIE p56 (o) and p34 (3) Recruits TFIIH .ﬁ’.
Facilitates formation of an initiation-compentent pol Il (c,.?
Involved in promoter clearance . e

TFIIF RAP30 and RAP74 Binds pol Il and facilitates pol Il recruitment to the promoter (Ii'_'f ——_—
Recruits TFIIE and TFIIH TFIIH Byt
Functions with TFIIB and pol Il in start site selection = 9000
Facilitates pol Il promoter escape Q—
Enhances the efficiency of pol Il elongation Ty

TFIIH P89/XPB, p80/XPD, p62, p52, ATPase activity for transcription initiation and promoter clearance CTPGTPAt':,?SiTSZ:;:fYP:f:,‘::TT'O"

p4d4, p40/CDK7, p38/Cyclin H, Helicase activity for promoter opening FACTORS ¢ o e TIoN
p34, p32/MAT1, and p8/TFB5  Transcription-coupled nucleotide excision repair -
Kinase activity for phosphorylating pol Il CTD ,<
E3 ubiquitin ligase activity ' A
TRANSCRIPTION

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

Thomas et al., CRiBMB, 2006 CTD phosphorylation, glycosylation, and ubiquitination



r activator protein

enhancer

- cely mechanismus aktivace

transkripce od vazby aktivatoru ... ke
uvolné&ni chromatinové struktury ..
zahrnuje jeste dalsi podkomplexy
(jako napf. mediator)

Pristé

Dr. Blazek:
Uloha Cdk
Kinas v
regulaci
transkripce a
bunécného
cyklu

Dr. Kolesar

TFIIH

mediator

Gibbons et al, PNAS, 2012

BINDING OF
GENERAL TRANSCRIPTION

FACTORS, RNA POLYMERASE,
MEDIATOR, CHROMATIN REMODELING
COMPLEXES, AND HISTONE ACETYLASES

SN —

mediator T complex

- .

TRIA box start of

transcription

chromatin
remodeling

% -

histone-modifying

TRANSCRIPTION BEGINS

enzyme
RNA polymerase
capping \
factors {' o
e

of mRNA -
- —
® 7
s
- K Y RNA
splicing
proteins { P~
PP‘/"
"P!L!:ws
4572 Lana
5' cap

f P~
-
D <
25
3’ end processing
proteins



