Komplexy spojené s transkripci

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

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

- nejCastéji interaguje Arg (pozitivni
naboj + vodikové vazby)

transcription factors

OUC cells

Promoter

Thsdi e simgiifies the DNA
agram s

greatly— promotens, enhancers,
and irsulators can be dozens of even
Fundreds of base pairs long,

Insulators<=

the sequence CCCTC whichocaurs &7
inallinsulators) binds to it
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RNA polymerase
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Zipper typ * Velky zlabek ma velikost

Helix-turn-helix odpovidajici rozmérum a-
Sroubovice a ma exponovane
vazebné skupiny

* NejcCasteji interaguje Arg
(pozitivni nadboj + vodikoveée

Zinkovy prst
Histon, HMG -box

o B-barl’el Vazby)
* B-hairpin/ribbon « Prabéh transkripce — skladani
« SmiSené a/f3 komplex U

RNA pol I

TFIF >



- histony vazou DNA sekvencéné 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

3AFA



Sestavovani
nukleozomu:

klicova interakce mezi dvéma
H3-H4 dimery je
zprostredkovana 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

Fiqure 4-26 Molecular Biology of the Cell (© Garland Science 2008)



[ bind to H3-H4
tetramer

H3-H4 dimer



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



(H3-H4), tetramer — vazba na DNA

- H3-H3 interakce



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



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

- dimery H2A-1121 (H2A — vaZe H3) 3AFA



BMH3 BH4

H2A

H2B I DNA

H2A/H2B
dimer DNA

H2A/H2B vaze dve vldkna
H3/H4 vaze jedno vlakno, ale
silngji

N3, DNA

i/
er

McGinty a Tan, Chem Rev, 2015



info o komplexech/PPI (vizualni, typy vazeb)
(PDBsum — detailni info)

(krystal lidskeho nukleosomu — 3AFA)

m GotoPDBcode:[3afa [ go | # @
@ Top page @ Proteir] @ DNA/RNA Prot-prot @ Pores @ Links

Protein-Protein interfaces for 3afa

Interfaces summary for 3afa

Interface statistics
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ho vazbu

- modifikace (napf. acetylace) mohou oslabit interakce s DNA a rozvolnit
nukleosom — mohou vazat jiné proteiny (napf. bromodoména)

ny .
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Konce histon u

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

nukleosom — znacky pro vazbu proteinu

H3 Ha
H2A C-term
m— 2l
l-l3 Histone globular 5
regions ol
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o ok s
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histone fold
aN al 14 a2 L2 @3
H3
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Modifikace histon U

- napf. acetylace lysini (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
§GnG’QGeInnn’nlrassnasz.grpvcnv A H2A H3 -
1

5 9 1315 v

119 " H2B C term
p H2A C-term / HIK79 @ Y
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Histone globular

H2B
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gc c GG c:.cucca RHR vz.nnchx'r——.s H4 (B)
' : o bromodomain subunit of TFIID
L ] | |
N-terminal tails globular
domains |

’ methylation P phosphorylation (& acetylation U ubiquitylation

» Molecular Biology of the Cell (© Garland Science 2008) |
histone Hé tail



- AP-1/IRF-3/IRF-7/NF-kB pokryva sekvenci -102 az -47 basi upstream od TSS = tj. mezi
nukleosomy (nukleosom-free oblast)

- nukleosom downstream zakryva TATA-box

- vSechny podjednotky (TA domény) enhanceosomu interaguji s CBP/p300 acetylasou a
acetylace nukleosomu vede k jeho remodelaci/premisténi a uvolnéni TATA-boxu

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

(a) (b) Accessible GR sekvence DNA muze byt
binding site

Inaccessible GR Histone-DNA

) : zcela zakryta
binding site contact sites

nukleosomem nebo
muUze byt pfistupna nebo
muze byt v oblasti mezi
nukleosomy

Prednaska o chromatinu

Pol 11
Holoenzyme

Agalioto et al, Cell, 2000 ' o B
Panne, CO in SB, 2008 IFN-3 enhanteX



Transkrip €ni faktory NF-Y
(podjednotky B a C ) obsahuiji

~~ histon-fold a vazou se sekvencne
1" 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 MZ)

HZB/H2A N NF-YB/NF-YC
Nardini et al., Cell, 2013
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CCAAT-hox
Fromoter S8

“m - nevytvari oktamer, ale
Inactive . NF-YA/YB/YC trimer

- NF-Y se vaze pres
histon-fold a nahrazuje
nukleosom

Nardini et al., Cell, 2013



TBP-associated factors = TAF (podjednotky TFIID komplexu

maji histon-fold (HF), ale nevytvafi oktamery)
Core:

1 N terminus 949

TAFA[IIIITINIY — Taes] [HFT]

1 161
TAF12 ]

ve dvou kopiich
(nikoli v dimerech)

TAF6/TAF9

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



- 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 klicove pro rozpoznani promotoru a
poskytuji scaffold/leSeni pro sestaveni transkripéniho systému

Core:
1 N terminus 949

TAF4 [T [TAFH]

1 WD40 800

677

1
TAF6 [HE [ wHEAT T

1 264 1 161
TAFO EET———] TAF12 ]

start of transcription
TATAbox

Bieniossek et al., Nature, 2013 spekulativni (viz Louder et al, Nature, 2016)



Zipper typ
Helix-turn-helix

Zinkovy prst
Histon, HMG -box

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

NejCastéji interaguje Arg
(pozitivni nadboj + vodikove
vazby) B-barrel

Dal3i vazebné motivy ( B-listy, B-hairpin/ribbon
hydrofobni AMK, maly Zlabek)  Smisené a/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

HMGA ‘- I I I I
- ohyb a rozvolnéni

— mmmm parovani dsDNA muaze
i napomahat procesum
replikace, transkripce a
rekombinace/opravy
poskozené DNA
- ohyb napomaha priblizeni
vzdalenych mist nebo
zpristupniuje DNA pro
transkripCni faktory

4 &tros, BBA, 2010



HMG-D (1E7J)

Aromatické aminokyseliny se interkaluji do MZ a vytvafi kink



- 1. a 2. Sroubovice vaze cukrfosfatovou kostru a baze v MZ
- interkalace Phe (aromaticky kruh) zpusobuje ohnuti DNA

(

(b)

F
TAFs O
e

(c)

- HMGE1

-40 -30 -20 -10 +10 +20

HMGB1

00"

Current Opinion in Genetics & Development

- ohyb napomaha
rozvolnéni struktury
chromatinu tj. moduluje
pozici nukleosomu

- ohyb muze pomahat TBP
a iniciaci transkripce

- pomaha zpfistupnit DNA
pro transkripcni regulatory



IFN-[3 enhanceosom

3! >
transkripce

PRDI"-" PRDT

A AI"RDIII

- HMGA1la se vaze na 4 mista a (ohyba DNA) napomaha sestaveni enhanceosomu

- neni ale soucasti findlniho komplexu - AP-1/IRF-3/IRF-7/NF-kB, ktery se vaze na
nukleosom-free oblast

- vSechny podjednotky (TA domény) enhanceosomu interaguji se SAGA (obsahuje
acetyltransferasu a TFIID — sestaveni komplexu iniciace transkripce) a CBP/p300
acetyltransferasami, které acetyluji sousedni nukleosomy - jejich remodeling/pfemisténi
uvolni TATA-box pro vazbu TBP/TFIID a RNA polymerasy Il a iniciuje transkripci

viz dale iniciace transkripce

Fol 11

Pol I Holoenzyme

'A Holoenzyme

CcBP

Pal 11
Holognzyme

Agalioto et al, Cell, 2000

Panne, CO in SB, 2008



Motivy DNA vazebnych domén
Zipper typ !

— Leucinovy zip

— Helix-loop-helix
Helix-ota €ka-helix
— Winged helix
Zinkovy prst a-Sroubovice
— BPa zinc-finger
— Hormon-receptor
— Loop-sheet-helix
— Gal4

Histon. HMG -box ¢ 33. Intearation host factor (1ihf)
’ 4

B-hairpin/ribbon

B-listy

- barrel
Enzymy



- pouze 2-3 B-listy nebo hairpin
(vlasenka)
- represory, chromosomalni

proteiny (leseni pro strukturu
DNA)

- vazou velky nebo maly zlabek ¢

33. Intearation host factor (1ihf)

| e - B-hairpins lokalizovany podel
4 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-ota €ka-helix
— Winged helix
Zinkovy prst a-Sroubovice
— BBa zinc-finger
— Hormon-receptor
— Loop-sheet-helix
— Gald

Histon, HMG -box ¢
B-hairpin/ribbon |

e [B- barrel l -listy



OB-fold

(oligonucleotide/oligosacharide
binding)

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

- vytvafi 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. Kolesar)

Liljas, kniha (2SNS)



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

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



RPA

CST

POT1-TPP1

ATRIP, RAD9, MRE11,p53 - oprava DNA

- protein-proteinove
Interakce (integrita
komplexu + interakce s
dalSimi proteiny/komplexy)
- Dr. Spirek

/- N‘j DBD-ADBD-B  DBD-C
24 BN 78| rearo
nsn-n/
RPA32
nespecificka
vazba "
& ///| RPA14
/ OB1 OB2
B |
K TTAGGGT TAG-
specificka
~ OB1 OB2 vazba
KB POT1
7/ TPP1
K \ Telomerase

OB3
7/ CTC1 (cdc13 v kvasinkach)
STNT CST komplex (RPA-like)
R — regulace telomer
7 TEN1 (obsahuji ssDNA)

- ¢ast komplexu SHELTERIN
— chrani telomery (aby nebyly
povazovany za DSB, reguluje

pristup telomerasy)
Flynn a Zou, CR in BMB, 2010



reazy  RPA32
oy

"\

1 \A :) DBD-D A32

RPA70 / IM&? 2(30 - protein-proteinove
RPA'me\/ DBD-A\{DBD-B '\,‘ I interakce (integrita

110 181 290 301 422 436 616 komE)Iexu)
- cely komplex ~30nt

| 121

Centralni ¢ast RPA komplexu (1L10) a model celého komplexu

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



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

pre niciaéniho komplexu (PIC)
@)

start of transcription
TATAbox

TBP TFIID

}_._
__aae»
’_
.

10 anti-paralelnich B-listu
pokryva MZ

Interkaluji se postranni
retézce Phe (hydrofobni v.)
vytvari ohyb (kink) a
rozpléta dsDNA \

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




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




- TFIIA (2 podjednotky) komplex interaguje s TBP a DNA a
zajistuje jeho spravnou pozici

- brani represorum v inhibici vazby TBP na TATA-box (ko-
aktivator nékterych sekvenéné specifickych trans. faktoru)
- B-barrel vaze DNA (neovliviiuje strukturu)

start of transcription

TATAbox |

Liljas a spol.



Figure 6-16 Molecular Biology of the Cell

Zacatek/iniciace transkripce —
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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 13 recognizes other DNA sequences near the transcription start point; regulates DNA-binding
by TBP
TFlIB 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.

Plus TFIIA



- TFIID (SAGA) komplex s TBP jsou klicové pro rozpoznani
promotoru a poskytuji scaffold/leSeni pro sestaveni

transkripcniho systému (nukleace PIC) -
TATA box [

}_._
G

TBP TFIID

Pol 11

A_ Holoenzyme

TFIIB
——— e EEE——
(B) TAF1

bromodomain subunit of TFIID

- po pfipojeni vsech podjednotek TFIID
komplexu v€etné TBP vznika funkeni
holokomplex — TAFs vazou transkripcni

faktory, epigenetické znacky ... napt. TAF1
se vaZe na Ac-H4 -

histone Hé tail



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

TAF1 cryoEM
TAF2 ;
| TAF3 |

| TAF7 |

Core-THID TTAF Holo-THID
Two-fold symmetric Structure rearrangement Asymmetric
symmetry broken P -

T
Preinitiation complex

- jadro komplexu (symetricke) tvori

TAF4, 5, 6,9 a 12 - po pripojeni vSech i o e S lan
podjednotek TFIID komplexu vCetné T ———
TBP vznika funk&ni (asymetricky) - G
holokomplex (PIC) @G>



- footprint analyza ukazala jak se TFIIA-TFIID/TBP komplex spole¢né vaze
na DNA (TFIIA poméaha vazat TATA box)

A DNase | footprint
5* label upstream 5’ label downstream
- mpIiup - - nHpomomp - -
- DA DA - - - - HIAODA -

-HG -
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Cianfrocco et al, Cell, 2013 Q
Louder et al, Nature, 2016



pro dalSi postup transkripce je klicovy TFIIB — propojuje TFIID-
TFIIA s RNApol I

0 5|O 1 ?O 150 200 25|D 3?0

TFIIE | ESRSRONN B finger

start of transcription
TATAbox [~

TBP TFIID

—— Gl

TFIIB

- 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 Il a orientuje TFIID-
TFIIA-DNA komplex na pol Il (do jeho aktivniho centra/cleft)
- Zn-ribbon s dock, B-finger/reader s RNA tunelem

TFIE | SRSRGRN 6 finger

Upstream\ start of transcription
! TATAbox [

TFIIB

2k e

/ Downstream
DNA

Template DNA

- Non-template DNA
RNApol I v



- B-ribbon s dock, B-finger/reader s RNA tunelem, B-core/CTD1 s
wall, B-linker s CC clamp
- umisténi 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

ukadzka RNA polymerasy

TFIE | RGRBBORN © finger

Linker

c
-B
Template
strand
—E*.- . Towards RMA
axit tunnel
RMA

Front view



start of transcription
TATA box [

TFIIB propojuje RNApol Il s jiz
sestavenym TBP/TFIID+

(postupnym odhalovanim detailt struktur, mutagenezi -
podjednotek, funkénimi testy (in vitro a in vivo) byly identifikovany I
Q.

TBP TFIID

vSechny TFIl a ur€eno poradi jejich pusobeni) TF,,B

P T\ sl J —'\)— 90° MTE DPE

(Q
C{D TFIIF _ other factors

1 eeee
s \f.~
- o

TFIIH

RNA polymeraselll

"\__a\i

UTP, ATP HELICASE ACTIVITY
CTP.GTP | AND CTD PHOSPHORYLATION

DISASSEMBLY OF MOST
GENERAL TRANSCRIPTION
FACTORS e e

- cryoEM komplexu
TBP(bez TFIID) +

+ TFIIB + RNApol 1|
- po navazani pol I
disociuje TAF1/2 ...

bez TFIID

- TRANSCRIPTION
BREu TATA BREd INR

-TBP - lIA - 1IB -

He et al, Nature, 2013



Rekonstrukce celého PIC

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

He et al, Nature, 2013

CT [

BREu TATA BREd

—> TFIID(TBP) —> TFIIA — TFIIB — Pol II/TFIIF — TFIIE—

TBP(bez TFIID) +

bt TFIIB + RNARol I + THIIE

+ TFIIF

start of transcription
TATA box [

(A)
}—‘— -
-

TBP TFIID

(B)
}— %
Q.

CID TFIIF _ other factors

|\ "yees
- -

RNA polymeraselll

=, @o6e
(D) - '




RNA pol I

- TFIIF (navazany na
pol II) stabilizuje DNA v

., prohlubni/cleft pol Il a
pomaha TFIIB s
nastavenim startu
~ES o (WHD z RAP30
" EETR e podjednotky vaze pfimo
| DNA: BREdownstream)
- vaze TFIIE a pomaha
tak stabilizaci komplexu

TFIIB

He et al, Nature, 2013
+59

- = Biotin

Sall

BREu TATA BREd
— TFIID(TBP) — TFIIA — TFIIB — /TFIIF — TFIIE—

b T
44 227 354
400
92 292
Dimerizace WHD

Vanini & Cramer, Mol Cell, 2012
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zacatek transkripce - faktory

TABLE 1 Components of the human general transcription machinery

Factor Protein composition Function

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

TFIIB p33 Start site selection; stabilize TBP-TATA complex; pol II/TFIIF recruitment
TFIID  TBP + TAFs (TAF1-TAF14) Core promoter-binding factor ATA oy 2O raNScription
Coactivator )
Protein kinase -%
Ubiquitin-activating/conjugating activity O
Histone acetyltransferase }——.%.
TFIIE  p56 (o) and p34 (3) Recruits TFIIH -
Facilitates formation of an initiation-compentent pol || o VI S
Involved in promoter clearance o+ \/7 .
TFIIF RAP30 and RAP74 Binds pol Il and facilitates pol Il recruitment to the promoter " ay

RNA polymerase Il

Recruits TFIIE and TFIIH

Quuu
Functions with TFIIB and pol Il in start site selection gﬂ-_

Facilitates pol Il promoter escape ) “ j
Dr. Kolesar Enhances the efficiency of pol Il elongation Lyl < e -
TFIIH ~ P89/XPB, p80/XPD, p62, p52, ATPase activity for transcription initiation and promoter clearance E&E‘;ﬁi&”ﬁ;}&ggﬂm
g
p44, p40/CDK7, p38/Cyclin H, Helicase activity for promoter opening e f“‘-d
p34, p32/MAT1, and p8/TFB5  Transcription-coupled nucleotide excision repair ® _we 3
Dr. Blazek Kinase activity for phosphorylating pol Il CTD | e
E3 ubiquitin ligase activity TRANSCHIFTION
pol Il 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

RPB1 CTD (heptapeptide YSPTSPS repeat) fosforylace Thomas et al., CRiBMB, 2006



- cely mechanismus aktivace

transkripce od vazby aktivatoru ...

uvolnéni chromatinove struktury
. zahrnuje jesté dalSi komplexy
(Jjako napr. mediator)

mediator

Gibbons et al, PNAS, 2012
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