CEITEC seminare (3. Ctvrtek v mésici)
Patrick Cramer — Transcription complexes
18.4. ve 14.00 — A11, 132
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TFIFa/p

SYLICa prednasky -
Johanne Murray — SMC5/6 complex and replication stress
22.4.v 10.00 — A11, 205

Prednaska PK
Dalibor Blazek — CDK/cyclin komplexy
9.4. ve 12.00 — A2



Komplexy spojené s transkripci

DNA-vazebne motivy specifickych transkripCr « - Zipper typ
(sekvencne specifické — a-Sroubovice ve VZ)

— Leucinovy zip (GCN4)
— Helix-loop-helix (MyoD)
* Helix-turn-helix (mata)
— Winged helix (TFIIE+F, H1)
# « Zinkovy prst
— BPa zinc-finger (CTCF)
— Hormon-receptor
— Loop-sheet-helix (p53)

— Gal4 (Gal4)
.‘ | Histon, HMG-box
i B-sheet
| B-hairpin/ribbon

 Enzymy


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

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

HMG box B domeény proteinu HMGB1 v

interaker s DNA - ohyb a rozvolnent

parovani dsDNA muze
napomahat procesum
replikace, transkripce a
rekombinace/opravy
poskozené DNA

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

- HMG ma vysokou afinitu k
neobvyklym strukturam
DNA (four-way junctions ...)

lel22 &




- Histony a HMG vazou DNA sekvenéné 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

H2A N— - —c
H2B N i }+{  H C
H3 N - C

N-terminal Histone fold C-terminal

Liljas a spol.



L4V 4

H3/H4 interaguji s obéma viakny — silnéjsi vazba




Modifikace histont - -
H2A C-term // H3K79 @ stcrerr:':

Acetylace rozvoliiuje vazbu oktameru a zpfristupriuje @ 28K
sekvence DNA pro vazbu transkripénich faktor( — T
TFIID se vaze na Ac-H4 prostfednictvim TAF1 proteinu

gene activator protein
@ acK
O meR
® meK
W PS 1
TATA B uk (A)

histone acetylase
fiis : : chromatin remodeling
complex
A,
activator protein
1 |

remodeled nucleosomes (B)

specific pattern of | |
histone acetylation ////‘ bromodomain subunit of TFIID
L

general transcription factors
and RNA polymerase
holoenzyme

histone acetylase (HAT)

£y 1‘\\

S

TRANSCRIPTION ACTIVATION MCB
histone H4 tail



H3 H4

Modifikace histonu

Acetylace rozvoliuje vazbu oktameru a zpfristupriuje
sekvence DNA pro vazbu transkrip€nich faktoru —

TFIID se vaze na Ac-H4 prostrednictvim bromodomén
TAF1 proteinu

HAT
® acK
\ O meR
® meK

Mf.— Bes 1
TATA g (A)
histone acetylase (HAT)

Histone globular
regions

ARV

binding of a second
activator protein

G (8)
“’@W&H‘.’“ bromodomain  subunit of TFIID

Acidic Conserved HMG Bromodomains Acidic
V
7R 0 I |
-
TBP  Kinase  Acetyltransferase Kinase
histone H4 tail

inhibition



- 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
— M - podobne jako ubiquitince
histonu i ubiquitinace NF-Y
aktivuje transkripci

? HI¥Tomez

-

Nardini et al., Cell, 2013



TBP-associated factors (9 z 13 podjednotek TFIID komplexu
maji histon-fold, ale nevytvari oktamery)

)

Core:

1 M terminus 49
TAFA (NI [TAFH] [HF ]
1 Whah a0
TAFS =i o NN ISISTETET ]
1 LT
TAFGMEET — THemn |
1 264 1 161
TAFg TAF12 e ]

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

Bieniossek et al., Nature, 2013

Core:
1 N terminus 949

TAF4[IIIONOTOT [oarH] [HF ]
1 W0 a0d
TAFS =i TN TERETSTSTETET ]

aGrr

1
TAFe [HET =
1 it 1 161
TAROEEET 1] TAF12[CJ )

start of transcription

_____TATA box |

(A) l

TBP TFIID




Motivy DNA vazebnych domeén

Zipper typ

— Leucinovy zip

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

— BPBa zinc-finger

— Hormon-receptor

— Loop-sheet-helix
— Gal4

Histon, HMG-box

B-sheet I

ﬁ-hairpinlribbonl
Enzymy

L 4

a-Sroubovice

B-listy




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

‘1 preiniciacniho komplexu
(‘\ start of transcription

TATA hox

10 anti-paralelnich B-listu
pokryva MZ

Interkaluji se postranni
retézce Phe (hydrofobni v.)
vytvari ohyb (kink) a
rozpléta dsDNA i
Konsensni sekvence: '
TATAA/T)AA/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)

start of transcription

TA box I

TBP TFIID

O O 000 e DNA-binding
b T S site for activator

- - _‘._J..:‘_'. :.,:.,':'- i
' activator

P W
gy Mgy
vl __'i:-‘“ i

) o~

TFIIA
TFIIB

T TATA GENE



TBP ohyba a rozpléta dsDNA




Motivy DNA vazebnych domeén

Zipper typ
— Leucinovy zip
— Helix-loop-helix

Helix-otacka-helix

— Winged helix
Zinkovy prst

— BPa zinc-finger
— Hormon-receptor

— Loop-sheet-helix
— Gal4

Histon, HMG-bO)g

B-sheet

B-hairpin/ribbon

Enzymy

L 4

.

a-Sroubovice

B-listy

33. Intearation host factor (1ihf)



- 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)

% 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

— BPa zinc-finger

— Hormon-receptor

— Loop-sheet-helix
— Gal4

Histon, HMG-box
B-sheet
B-hairpin/ribbon

Enzymy I

.

a-Sroubovice

I B-listy



Ruzné motivy — kombinace a-Sroubovic, B-listu a smycek

Obvykle DNA-rozpoznavaci doména (,Cte” DNA), katalyticka
doména (enzymova aktivita) a dimerizacni doména

Casto je DNA proteinem deformovana
napr. restriktazy rozeznavaji 4-8 bp




Table 1: Description of protein features classes and types

Class Type Description

Enzyme Dioxygenase Enzyme that repairs DNA base lesions by using a direct oxidative
dealkylation mechanism [25].

Endonuclease Restriction enzyme that cleaves DNA at specific sites [26].
Excisionase Enzyme that controls integrase-mediated DNA rearrangement [27].
Glucosyltransferase Enzyme that binds DNA in abasic site and flips it. Glucosylation is on a 5-

hydroximethylcytosine in duplex DNA using UDP-glucose [28].

L] r r "y
Helikasy rozplétaji
Glycosylase Enzyme involved in base excision repair, a mechanism by which, damaged - -
nucleotides in DNA are removed and replaced. It catalyses the first step in d S D N A retezce —_—

the process [29].

r ] -
Helicase Enzyme that unwinds double helices using ATP hydrolysis [30]. n u t n e p ro re p I I ka c I
Ligase Enzyme that recognizes nicks and states for strand closure [31]. ( M C M 2 - 7 ) y
] -
Methyltransferase Enzyme responsible for the generation of the genome methylation tra n S k rl p c I (X P B )

patterns leading to gene silencing [32].

- |
Nuclease Enzyme that cleaves DNA, but that are not classified as Endonuclease. re kom bl naCI (WI {N ]
Photolyase Enzyme that uses light to repair DNA having UV-induced lesions [33]. B L M y Fl \N C M )

Polymerase Enzyme that takes nucleotides from solvent, and catalyses the synthesis of
a polynucleotide sequence against a nucleotide template strand using
base-pairing interactions [34].

Recombinase Enzyme that catalyses the reciprocal exchange of DNA strands in the
direct site-specific DNA recombination process [35].

Topoisomerase Enzyme that promotes the relaxation of DNA superhelical lesions by
introducing a transient single stranded break in duplex DNA [36].

Translocase Enzyme that segregates dimeric circular chromosomes, formed by
recombination of monomer sisters [37].

Transposase Enzyme that mediates transposition, a process whereby defined DNA

segments move freely about the genome [38]. Norambuena & |V|e|0, BMC BiOinf, 2010



Komplexy spojené s transkripci

DNA-vazebne motivy specifickych transkripCr « - Zjpper typ
(sekvencne specifické — a-Sroubovice ve VZ)

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

— Gald (Gal4)

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

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



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

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 IO e
Coactivator
Protein kinase
Ubiquitin-activating/conjugating activity
Histone acetyltransferase

TFIIE p56 (o) and p34 (3) Recruits TFIIH
Facilitates formation of an initiation-compentent pol Il
Involved in promoter clearance T —

TFIIF RAP30 and RAP74 Binds pol Il and facilitates pol Il recruitment to the promoter Q—F—
Recruits TFIIE and TFIIH ST EED
Functions with TFIIB and pol Il in start site selection
Facilitates pol Il promoter escape
Enhances the efficiency of pol Il elongation

TFIIH P89/XPB, p80/XPD, p62, p52, ATPase activity for transcription initiation and promoter clearance

p44, p40/CDK7, p38/Cyclin H, Helicase activity for promoter opening ‘ﬁmm
p34, p32/MAT1, and p8/TFB5  Transcription-coupled nucleotide excision repair gl

Kinase activity for phosphorylating pol Il CTD
E3 ubiquitin ligase activity

pol Il RPB1-RPB12 Transcription initiation, elongation, termination

Thomas et al., CRiBMB, 2006

Recruitment of mRNA capping enzymes TRANSCRIPTION
Transcription-coupled recruitment of splicing and 3’ end processing factors
CTD phosphorylation, glycosylation, and ubiquitination



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

Pripojenim TAF8+9 na ,core” Cast
dochazi ke konformacni zméné a
vzniku asymetrického komplexu

Maw N

surface "
Core-THID TTAF
Two-fold symmetric Structure rearrangement

Bieniossek et al., Nature, 2013 symmetry broken



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

' TAF1 CryOEM start of transcription
REEF TAF2 .
== | I

SRS BB

A l

TBP TFIID

b B T
MNew * )

surface "
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



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

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

start of transcription

TATA box |

..... DNA-binding
' . site for activator

= ’ % ") Y Ll activator
= ’ r I"!‘*

‘ TFIIA

.
TFIIB

) o~

Ty

S e .- GENE

TFIA

1NH2
Bleichenbacher et al, JMB, 2003 Liljas a spol.
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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

=m - =
§§-1§§ = E;: s 5 cﬂﬂ-ﬂﬂ]ﬂﬂ H
S8 HES 5-'-' 0 - ; earranged
{'H PR .
:: :Z"_:'ill . _ ] ¥
—- - == | & I ! =

;— == g = I‘.'-_‘ == : D

= ==ge= 15: §E —%3

= = I 2 3
- - o= B SEEEE)

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 transcription Human TFIID structural reorganization
TATA box |

725 and core Prﬂmﬂtﬂr bi“dlng
(A)

Canonical

"TATA  Inr MTE DPE =

TAF6/9 [t B

TFIIB je kli¢ovy pro dalsi 45 N

postup transkripce — -66

propojuje TFIID-TFIIA s g Eff
TFIA

RNA p0| 1 ] Cianfrocco et al, Cell, 2013



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

0 50 1 {IJO 150 2|OD 25|0 S{IJO !

TFIE. |EESSRORN B finger

1VOL , ,
Nikolov et al. Nature, 1905 1 F1IB stéricky nevadi TFIIA

(viz pozd&ji) ThmA




- TFIIB (N-konec) vaze RNA polymerasu |l a orientuje TFIID-
TFIIA-DNA komplex na pol Il (do jeho aktivniho centra/cleft)

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

TFIIE | ERENBRORN - finger
{B)

Upslream

———o . TFIIA TFIIB

—-

Downstream
DNA

TFIF other factors

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)

-8
Template
strand

=% am W Towards ANA
exit tunnel

RMA

Front view

TFIIB [ARSRBBonE E finger |



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

4BBS, Sainsbury et al, Nature, 2013




- 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

He et al, Nature, 2013 [ ] [ ]
a +1
_41 E +50 BREu TATA BREd INR
___H [lle—-ticti -TBP - 1lIA - lIB -
BREu TATA BREd INR Sall

—» TFIID(TBP) — TFIIA — TFIIB — Pol I/TFIIF — TFIIE— .

d

b c




- 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)

- zména natoceni
TFIIA-TFIIB-TBP-pol Il
-vaze TFIIEa TFlIH a
pomaha tak stabilizaci
komplexu

a5 144 227 354
400

152 202

Dimerizace WHD

Vanini & Cramer, Mol Cell, 2012




dsDNA
(closed)

BREL ool - h-Eiut'rn
2R BRE I
a9
142
3 fes ki 928 TFIIER
q 55 144 e 354 200
jag agp TF”F(X

Dimerizace WHD

-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

= - i

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

- XPB a XPD reguluji transkripci vs opravu DNA (NER)

a - video lidsky PIC komplex
—41 E +509 He et al, Nature, 2013
: . - TFIIH (10 podjednotek,

— TFID(TEP) — TFIIA — TFIIE — /THIF — THIE—

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

b c d




Komplexy spojené s transkripci

DNA-vazebne motivy specifickych transkripCr « - Zjpper typ
(sekvencne specifické — a-Sroubovice ve VZ)

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

— Gald (Gal4)

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

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