DNA-proteinove komplexy
Komplexy spojené s transkripci (az 5% genomu)
Komplexy podilejici se na oprave DNA .
Chromatinové strukturni komplexy Infroduction

2500 struktur v PDB (v roce 2014) fo Protein-DNA

Search | PDB:

CIPDB ) Pfam O SCOP OGO terms ) Fuzznuc ) BLAST

NPIDB List of complexes O

The resource NPIDE (Mucleic acid — Protein Interaction Structures of protein-nucleic acid complexes are extracted
DataBase) includes a collection of files in the PDEB format from Protein Data Bank (FDE) as files in the PDE format.
containing structural information on DMNA-protein and RMNA-protein
complexes, and a number of online tools for analysis of the As of 27.11.2013 there are 4482 structures.
complexes. The tools are: an original program CluD for analysis of - _ -
hydraphobic clusters on interfaces, program for detecting potential Each individual cormplex has its own web page, containing

hydragen bonds and wiater bridges, wisualization of structures with | | general information, links to other resources (e g, PDBsum and
Jmol Information on SCOP and Pfam domains detected in protein | | BIPA), atable describing biological units or models, tables

chains is presentad. describing Pfam and SCOP domains in protein chains, and the list
Reference: Kirsanov et al. NPIDE: nucleic acid—protein interaction database, of available actions (including Jmol visualization)

Mucleic Acid Research, Wolume 41 Issue 01 D517-D523 (January 2013)

http://npidb.belozersky.msu.ru/ Bi7015 - Chemické vlastnosti, struktura a interakce
nukleovych kyselin (doc. Fojta a prof. Palecek)



Komplexy spojené s transkripci

DNA-vazebné motivy specifickych transkripénich faktort (enhanceosom)
Obecné TFIl komplexy a proces transkripce

Enhanceosom


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

Tvarova a nabojova specifita DNA determinuje typy DNA-

vazebnych domen (ooroti velké rozmanitosti brotein-broteinovvch
interakCnich domeén)

Guanine Cytosine

- proteiny interaguiji s cukrfosfatovou
kostrou (fosfat) nebo pres zlabky s
bazemi

- Interakce sekvencné nespecifické
(kostra — histony; strukturne specificke
- HMG proteiny) nebo sekvencné
specifické (kostra+zlabky —
kombinace: Bglll (AGATCT) a BamHI | _
(GGATCC) kontaktuji stejné baze a ~_shape readout"
,Ctou® zakriveni okolni DNA ) zakfiveni kostry souvisi se sekvenci
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,Sshape readout”
zakfiveni kostry - souvisi se sekvenci a prostifedim Rohs et al, Annu Rev Bioch, 2010



Vazba DNA-protein muze indukovat
zmeny

_ Rohs et al, Annu Rev Bioch, 2010
Bend Kink

1jj4 (... napr. histony) 2kei, Lac represor
(Leu do malého zlabku)

- vazba proteinu muze indukovat zmény ve struktufe DNA

- vazba DNA na protein Casto indukuje zmény v jeho strukture
- pfipadné u nestrukturovanych proteinu strukturu indukuje (c-
Jun/c-Fos = Sroubovice az po navazani dimeru na DNA)



Vazba proteinu s DNA prostrednictvim
« fosfaty mohou interagovat s

Arg a Lys — solng soln ch mustku

mustky/salt bridges

(pozitivni naboje Arg a Lys

vytvari vazbu s negativnhim

nabojem fosfatove skupiny)

» Elektrostaticky naboj/povrch
naznacuje vazebne
schopnosti proteinu

Table 2. The simplified relative charge set defined from CHARMM (10)
used in the calculation of the electrostatic potential of atoms in the DNA-
binding proteins

Atom type (PDB entry) Residue Relative charge

NZ Lys 1.00

NH]1 Arg 0.50

NH2 Arg 0.50

QOE1 Glu —0.50

OE2 Glu —0.50

QD1 Asp —0.50

QD2 Asp —0.50

OXT All residues —1.00 :

N All residues —0.10 ' = 7
CA All residues 0.10 f
C All residues 0.55 o N .

0 All residues —0.55 Gapwala & Burley, COISB, 2000




Major groove

Major groove Minor groove Minor groove
. - ' A { | \ 1 Y
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sekvencneé-specificky protein kontaktuje baze (,direct”
readout) — skrze velky nebo maly zlabek — velky zlabek je
lépe pfistupny — vodikové vazby (donor vs akceptor elektronu)
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major groove , major groove

Jak odlisi
. protein rizné

“base readout”
Pozice donor vs

akceptor
+ metyl skupina

. y o -
m;norgr‘:’o\re Minor gro®

_ major groove S

Metylace A(6) u
bakterii zména!

 KEY:

| 0 = H-bond acceptor
© =H-bond donor
Q = hydrogen atom
Q = methyl group

™ Minor groove " Minor grooV®



Vazba proteinu s DNA
prostrednictvim vodikovych vazeb

H O
.
« Velky Zlabek ma velikost "o AN
odpovidajici rozmé&ram o- P il -
Sroubovice a ma (orasparagine) ¥ i
exponované H-vazebné AN g
W N Ty Yy
skupiny W g, T wT i, WS
(K( M=y o Ne, = H
- i) —
+ Ade zbytky C-6 a N-7 5 \\,Nw,,,”\)jm (\<\ N
mohou tvofit specifické 2 A S o
’ , =N
vodikové vazby s Gln a Asn \
Thymine =Adenine Cytosine=Guanine

« Cyt-Gua par muze tvorit
specifické vodikove vazby s
Arg

Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company

Silna vazba, sekvencné specificka - afinita nM — uM
Slaba vazba, strukturne specificka - afinita uM — mM



Protein-DNA specificity

Shape readout

Major groove Minor groove Global shape Local shape
— Hydrogen bond [~ Hydrogenbond |  Bending — Kink
Water mediated = Hydrophobic — A-DNA — Minor groove
— Hydrophobic — Z-DNA — Maijor groove

- vice jak 70 SCOP superrodin (strukturnich motivu)
- dle sekundarnich struktur — a-Sroubovice (17), B-listy (7),

smisené o/f3 motivy (48
B y ( ) Rohs et al, Annu Rev Bioch, 2010



Motivy DNA vazebnych domeén

Zipper typ i
— Leucinovy zip 3 ol
— Helix-loop-helix

Helix-otaCka-helix
— HTH

— Winged helix

— TALE

Zinkovy prst

— BPBa zinc-finger

— Hormon-receptor

— Loop-sheet-helix &
— Gal4

Histon, HMG-box
B-sheet motivy

a-Sroubovice

Literatura: Luscombe et al, Genome Biology, 2000




« Zipper typ (dle zpusobu dimerizace)
— Leucinovy zip (tzv. bZIP = basic)

(transcr. fact. yGCN4, c-Jun/c-Fos=AP-1)
« 2 a-helixy (2 x 60 AMK)

c-Fos

Motivy DNA vazebnych domeén

« coiled-coil (>30AMK,
» bazicka Cast (N-termi
* bazicka sroupovice v

Pkc/Cdc2
I I

Leu, C-term)
nus, navazuje na CC)
azana do VZ

| [l
Vvl

T232 T325 T331 S362 5374

139
v

W | —

381



Interakce bazickych AMK: Arg(232+240)=PO,, Arg(243)=Gua
Konsensus sekvence: TGACTCA
GCN4 - regulace genu pro syntézu AMK
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c homo/hetero

e-JUN c-JUN (TRE > CRE)
JUNB (TRE > CRE)
JUND (TRE > CRE)
FOSRB (TRE > CRE)
FRA1 (TRE > CRE)
FRAZ (TRE > CRE)
ATFa (TRE = CRE)
ATF2 (CRE > TRE)
ATF3 (CRE > TRE)
ATF4 (CRE)
B-ATF (TRE > CRE)
c-MAF  (MARE I/ll
MAFA (MARE I/1I)
MEL (TRE-related)
MAFF/G/K (MARE I/1l
NRF1 (ARE)
NRF2 (ARE]
NFIL-6  (TRE)

heterodimery

d
mum (TRE > CRE)
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//upload.wikimedia.org/wikipedia/commons/b/b0/Signal_transduction_pathways.svg

Motivy DNA vazebnych domeén

« Zipper typ (dle zpusobu dimerizace) i

— Helix-loop-helix (c-Myc/Max, MyoD)
» CC a bazické Casti jsou oddéleny smyckou
- bazicka Sroubovice vazana do VZ


//upload.wikimedia.org/wikipedia/commons/a/af/C-Myc-DNA_complex.png

Motivy DNA vazebnych domeén
« Zipper typ

Leucinovy zip
Helix-loop-helix

%

Helix-otacka-helix

HTH

— Winged helix
— TALE

« Zinkovy prst

BPBa zinc-finger
Hormon-receptor
Loop-sheet-helix
Gal4

(P)

a-Sroubovice

16. Ets domain (1bc38)



Helix-turn-helix motiv (HTH)

* Obsahuje ~ 20 AMK ve dvou )
sroubovicich vzajemné kolmych

» a-helix pro vazbu na DNA
(,recognition”) - -obratka —
druha Sroubovice

» Sekvencné-specificka vazba
prostrednictvim ,recognition”
sroubovice a velkého zlabku

» nejCcastejsi motiv u prokaryot -
homodimery vazou palindrom.
sekvence

» HTH motiv se obvykle vyskytuje
ve svazku 3-6 sroubovic
(stabilizovanych hydrofobnim
jadrem)

» motiv muze byt bud soucasti
hlavniho proteinu (Cro) nebo z
néj muze pouze vybihat (Lacl)

S

Luscombe et al, Genome Biology, 2000
3. Lacl repressor (1wet)



Helix-turn-helix motivy (spojené listy nebo Sroubovicemi) —
odstup HTH (34A) odpovida jedné otacce B-DNA

Sekvencéné se ruzné HTH prilis nepodobaiji
1. variabilita v rozpoznavanych sekvencich DNA
2. variabilita v pozici ,recognition” sroubovice ve velkem
zlabku (paralelné k rovine bazi nebo delsi Sroubovice jsou

paralelné k cukr-fosfatové kostre)



Regulace transkripce v kvasinkovych
bunkach

Euka ryontn| [A) IN SOLUTION [BL:::::
heterodmjner)’/ vazou | “ / ) “T;?Iﬁé“éé,imw '- TRANSCRIPTION
nesymetrické cilove # g]

sekvence (vetsi s SRR
. . , - I:GEE‘tI'I.-'atDr ACTIVATES | ACTIVATES
variabilita SekvenCL Guinagy] TANSCRPTON RN TRANSCRIPTION
vice proteinovych i !l::m]
GENE ON

kombinaci)

Typ buiky Geny kontrolované MAT lokusem

o haploid L aSG OFF

meeeessssssm haploid SG  ON

diploid L aSG OFF

haploid SG OFF




,2Winged“ helix (okridlena sroubovice)

- ,winged"” HTH obsahuje ,recognition” sroubovici (H3) a p-listy,
které poskytuji dalsi kontakty s DNA

Wi

C

2 S 4 ,f”ffr/\-- M
——

XL | L/

Ha2 —

s

_Tajiwala & Burley, COiSB, 2000

W2

-

Luscombe et al, Genome Biology, 2000

16. Ets domain (1bc8)

Current Chpinion in Structural Biology

Méné &asto kFidlo ve VZ a cukr-fosfatovéa kostra se Sroubovici (hRFX1)



Interakce bazi se Sroubovici (H3) a kridla s cukr-fosfatovou kostrou

PYMOL

Méné &asto kfidlo ve VZ a cukr-fosfatova kostra se Sroubovici (nRFX1)



start of transcription

TAb

10X

- ,winged” HTH v mnoha specifickych
transkripénich faktorech ale také v ,general”
TFIl faktorech

ey —— =™ el
(Thg1) % Winged Helix Doma

(B)

0 25 -

B40 1 m:ﬂﬁ O Zne-Rbbon
7 184 > Cycin Fold
I:.ET 1 + 282
<> Extended Winged Hi
TFIIF J___oﬁ_gr_f_a:tors

TFIFS 5 144 i 54

1 400
(Trg2) 152 2
A34.5 .i-““_m

B3
s —F
e @0 -
(Thal)
. . .
ca2 | - .
&
UTP, ATP
CTP, GTP

TFIER 75 gl ‘2o, 205
(Tha2) 1 - 328

102 a5 — .

a0
15 a0
34 1 T l
T 162 RNA

Vanini & Cramer, Mol Cell, 2012 TRANSCRIPTION



stereoskopicky obrazek
docking (pouze model)

Skladani nukleosomu
do kompaktnéjsich
struktur

Fan & Roberts, PNAS, 2006

J. Fajkus

Histon H1/HS interaguje s DNA (nukleosomem) a vytvari dimery
(nukl. diady) — WHD domena muze vytvaret vice kontaktu (H3
Sroubovice-MZ, wing-cukrfosfatova kostra, protein-protein int.)



(,winged” HTH obsahuje ,recognition” Sroubovici (H3) a B-listy)
- WHD (i dalSi struktury) poskytuji pouze ,kostru® a zalezi na
postranich retézcich jaka DNA nebo protein se navaze

-EHLVVIFLAVIELMENQLVLIEQE - —-HN----FSDIYI
SMIFITAFVALLVLINNQIIDIEQT = ==5F === -EIDH-LTI
-IEIVEGRFLALLELYRTRAVAFEQS - - -EF- - - -LGALOV
-LHLIYIFLAILILELYFDAKINIDH - -——-———=-——- GEITE
=LV VI FMA I LELVEEQMVELVON - = -EA----FGAIHV
-SAVAATFVATIELAKQGVLDLRQD - --G6---VEAPITV
~ADVWCAFVAILEAARETHLVHI SQF - ~~-EF----FGFLTL

-YELIVRLLAILELVKIGHLILVG---------- DDRIRR
YIDRVGVFWALLFLCSQGKVELAQE - -G5L----¥APLRL
- FDAV GV FWALLF LAAQSKVDLQT - --DF - - - -¥QFLOV
-EEVIVSFWAMIELLKRRATVVEQT-—-ML----FGFILT
MAVIYNFLSTIELIATLOKIQLHLG - --EG- -~ -FNNFWI
-FDLVEQFMALLYLDYE SKVRLFQE - —-KP----FEDITV
-PTLVDYYVSVIHLAFRKKVEIRQE---EF---- 1
-KIIARTFLYLLFLENMGKVEMIQE---EF----FGEILV
-EDRVRYFIPS LY LANDGHAEL IQE---KL----FGELIT

-RERAVFFLY SMFLFRDGRISLSQE - - -EP- - - ~-NGDILI
-KQAAAKFYSFLVLKKQQAIELTQE - --EP----¥SDIIA
-KQAACKFYSLIVLKKFKVLHIDQS---AP----EADITI
-KVARAKFYSLLCLKKNQCIDIEQK - - ~EF----¥GD IMI
-EEAVQLFFDVLVLATKDVISVKQD - --VA---ICNEITL
(REASRGFFDILSLATEGCIGLSQT---EA----FGNIKI
-HLAAFMFFETLVLKSRGLIDMOOD - —-RP----¥GDIAL
-ENAARTFVDVLALASKOYVSAOQA - —-LG- -—-SDEVOV
-YEKGRLFLSLINLLGSGVVQGRQK - --NF----¥SOIEC

Scc1 kleisin interaguje s SMC1 proteinem prostrednictvim hydrofobnich vazeb

Kumar et al, PLoS One, 2012, Schleifer, MC, 2003



Transcription activator-like effectors (TALE)
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23 repetic obtaéi DNA ve VZ

Patogenni bakterie injikuji do rostlinnych bunek
ovlivAauji transkripci rostlinnych promotoru

TALEN technologie Mak et al, Science, 2012



Type llI Repeat Activation
Secretion Signal Region NLS Domain

=T GCATCTCLLECTACTOCTACARLCALG

. (W)CRYNN[HD]N I[HC[HDINCIN =] HOJRDINTINCINCINT [IEI[&]EIE NIINI|NT[NI|N+ us_l I] I]
N

+ 101Z3455?851|J11121314151517181920212223235 1373
127 1149

LTPAQWAIASHDGGKQALETVQRLL PVLCQAHG'

® 10 13 F.A) D 1] 34

Tandemoveé repetice (34)
AMK v pozicich 12 a 13
urcuji specifitu (repeat-
variable diresidue) —
hlavni:

HD, NG, NI,NN, - o
NS, HG, N* Interaguje otacka/turn
W\@m- ' spiSe nez Sroubovice
A4 .
R T
o8 ik{ \
lrg 'V L1

Mak et al, Science, 2012



Motivy DNA vazebnych domeén

Zipper typ

— Leucinovy zip

— Helix-loop-helix
Helix-otacka-helix
— HTH

— Winged helix

— TALE

Zinkovy prst
— BPa zinc-finger
— Hormon-receptor

— Loop-sheet-helix
— Gal4

|

Histon, HMG-box
B-sheet motivy

a-Sroubovice

B-listy

Zinc finger motif

inc finger

-y Zinc fi
) .\ motif




Zinc-finger/Zinkovy prst
- cca 30 AMK ve dvou kratkych antiparalelnich -
listech a a-Sroubovici
- smycka (,hairpin®) stabilizovana (,crosslinked“) Zn?* -
koordinovany 4xCys nebo 2xCys + 2xHis

(tetraedricka struktura)

C2H2 motiv: _
Cys-X,_4-Cys-X4-Phe-Xs-Leu-X,-His-X,-His :

i A
e i—
v ¥

FEPYACPVESCDRREF S ESDELTRHIEI
3 10 15 20 25

<]

otifs: beta turn —— beta hairgin

fud
— p— n B n .
Residue contacts: to ODMA'RNA T to metal



- jeden z nejlépe prot_udovanych motiva (vaze DNA, RNA i v jinych typech proteinu)

% Vazba 2 zinkovych prsti —
spojuje 2 transkripCni faktory
(dalSi ZnF vazou DNA): 1y0Qj

~a\_ Protein interaguje s RNA
A5HIV nukleokapsid (1a1t)
EEA1 protein se vaze na
specificky lipid obsazeny v
endosomech — esencialni pro
transport molekul do bunécnych
kompartmentu (1ioc)

(ii)

@ )

4-4.3

Rozdil mezi Zinc-finger

a RING-finger ‘ r 31143 X2
domeénami (interakce
mezi E2 a E3 proteiny)

Perry a spol., TiBS, 2008 9- 39

}:E‘ :‘:E

€24
ad;



http://www.rcsb.org/pdb/education_discussion/molecule_of_the_month/images/87_zincfingers.jpg

Zinc-finger/Zinkovy prst EZEIXR
- cca 30 AMK ve dvou kratkych antiparalelnich -
listech a a-Sroubovici
- smycka (,hairpin®) stabilizovana (,crosslinked“) Zn?* -
koordinovany 4xCys nebo 2xCys + 2xHis
(tetraedricka struktura)

C2H2 motiv: T
Cys-X,.4-Cys-X;-Phe-Xs-Leu-X,-His-X;-His €]

[N]

Ao, A H
I —— I
W W

FPTHCP‘E & CDF_E'_F' RS DELTE'_H IE I HTGQ

3 10 15 AEI L 25 _3|:|_
Motifs: [ beta turn = beta hairpin

Residus contacts: | to DMARMA " to metsl



- vazba na DNA je relativné slaba, takze se typicky vyskytuje
tandemove nékolik domen za sebou (3x v Zif268)
- a-Sroubovice se vaze do VZ — v tandemu obtadi VZ

PYMOL

1ZAA, Zif268



Go to PDB code: |1zaa

@ Top page |'f Protein .x'| @ DHA/RNA @ Metals @ Clefts @ Tunnels @

g

- vazba na DNA je relativné slaba, takze se typicky vyskytuje
tandemove nékolik domeén za sebou (3x v Zif268)

— a-Sroubovice se vaze do VZ — v tandemu obtadi VZ

- AMK na pozici 0 — 6; variacemi AMK v techto pozicich Ize
dosahnout ruzné sekvencni specifity

: 1 [ 5 &, 3.30.160.60 = Alpha Beta 2-Layer Sandwich
2 A0 & &, 3.30.160.60 = Alpha Beta 2-Layer Sandwich
3 A 5 & 3.30.160.60 = Alpha Beta 2-Layer Sandwich
i 4 HI E E H2
_|-r~ b Y o PBE
¥ v ¥ ¥
Fratein chain & highlightad RP“EACP‘i.i"ESCDRRFSRSDELTRI—IIRIHTGQ@FQ:RI@IE‘NFSRSDI—E1 THIRTHTGELF
click ta view) 3 0 15 20 &5 a0 35 40 4R &Ko 55 &0
WP, e
Fﬂcmmﬁgﬁﬁm;ﬁﬁmfm Mnoho kontaktu je
Secondary structure 5 X @ &

—Wwiring diagram nep‘r‘l'm)'/Ch p‘l‘eS

molekuly vody



- AMK na pozici 0 — 6; variancemi AMK v techto pozicich Ize
dosahnout ruzné sekvencni specifity
— a-Sroubovice vaze 2, 3 nebo 4 sousedni pary bazi

LIV 4

- nejcastejsi jsou kontakty

Arg-Gua
- Gua se muze vazat i na His,
Lys, Ser
-Serse muze vazatna T Ci A

Zif Finger 2

Zif Finger 1 Z|f268

GLI Finger 5

TTK Finger 1 TTK Finger 2



- Dobre charakterizované DNA-proteinove kontakty —je znama
specifita ZFs pro vsech 64 moznych kombinaci 3 sousednich bp
- Lze pro specifickou sekvenci DNA poskladat ZFs — nova
technologie ,zinc nuclease” pro genové manipulace

»genome editing” Transcription activator-like

(a) Zinc Finger Protein : (b) TAL Effector

=
=
=
o]
2
U-
<
-
&
-

a) DNA-Binding

64 variant pro vSechny triplety
Perez-Pinera a spol., COICB, 2012
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Predicting DNA-binding Specificities for Cys;Hisz Zinc Finger Proteins

Protein-DNA Form

Generate Sequence
Logo

Downloads

Analyze Genomic
Sequence

Help

Contact Us

Experimental:

2.0

IVVVCVile

A DNA binding site predictor for CyszHisz Zinc Finger Proteins

Welcome to our new sitel!

For a given CzH2 zinc finger
protein, we predict a position
weight matrix representing its
DNA  binding specificity and
display it as a sequence logo. This
result can be used further to
search genomic seguences for
putative binding sites.

This site serves as an interface
between a user's input and a set
of prediction algorithms that are
able to create the mentioned
logos. Tt consists of a protein
input screen, followed by the
selection of the desired set of
fingers, and the algorithm to be
used. The results are delivered
throuah a simple HTML paae that
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CTCF

A) Insulaters block the regulatory signals that control gene expression

_ Regulatory signals )
influence gene exprassion

e Tl

——--— R

Regulatory modules zane

- CTCF (zkratka z CCCTC factor)

- izolator/insulator brani transkripci

- vaze se mezi transkripcCni aktivatory a
obecné transkripCni faktory

ZF1

ZF2

ZF3

ZF4

ZF5

ZF6

ZF7

ZF8

ZF9

ZF10

ZF11

Ts
Hs
Dm

Ts
Hs

Ts
Hs

Ts
Hs
Dm

Ts
Hs

Ts
Hs

Ts
Hs

Ts
Hs

Ts
Hs

Ts
Hs
Dm

Ts
Hs

YOEEFEPYTNH
FOEELBsyYTCP
¥SHPHPYTAS

30

FEETVEERCFK

HEMHLEGRAFREV

FRMSIMERSFRENVGLQ
1 23

o

6-
HO[EE
HE[MP
HE[HK

90 100
HEMTEMSYASV LK
¥ S DYASVEV LK
HEMTE[MTYASV LR

23

120

GEEL
DDMAFV
LEES

1

==l

a2

=1

Y H[EPHES YAS P
FoldsLBsSYASR
voldpuryas oD

=1

150

RENLL
SNLD

KEEIT
23

SLO
LLR

29
KSEISEERP
KSEITDERP

SRSEIDVEPS

6

50
IN
LN
N

6

160
YOMEVENOQRFTOS K L.I
YEMYI®MHARFTQSGEMEMEIILOK
YO[DIMKSRETQS K L.I
l1 23 [

180

FOEEFME S SCGREK
FHEPHMDTVIA
FOENYMPTTCGRE

=L

2 1.0

I KKEDRTET
KKSRYMDAVEH
MTERREGOOLPRR

230

=

240

YOEHLEPY SAMAQ
FRMDOMDYACRQE
¥ s[EKL

SYASVTQ

26-0

YK@EVDENL
YAMSHWDK
FH{®DO®FP QO

gA.....A

1

SEEQV
TFROK|
AFRQR

FVESK

250

TGTRP
TGTRP
MGNEP

TP B?
AFTESGELIREIRYKGITLEKP
SGEL RRYKEITHEKP
AFTTS TRYKEITKEKP
123 6
1{0
CIIRSEITGERP
GIIRS|HTGERP
HMTCRITGERP
6
13'0 14.0
LEKREILRVE|TGEKP
LK RTEISGEKP
LK VIETGEKK
23" 6
1::0
[ISG . SREV
BITENVAK.
GISVVDKEV
1gn 2n_o
L VQKLETA . SAP
LGMEILREQEISYIEQG
ADLRMHIKHMEITS . DVP
23 6
22_0
TFRKEEICKEEDGERC
ALIQEIOKSEIKNEKR
QYRBEIVEKSEEGEKC
23 6

LEBEITLLEIHSDKP

MIMEIKRTEITGEKP

LASEIMLIEILDEKP
23 6

270

SELK
D
LR
23
300

KT

T AD LD O

23-0

VEST
MEIFKRY

MN L V|
6

]

FETRRNT

H
H
H

31

MA

PPEPREKLHKMPSMPREFTHKGNLM
—

insertion

-1 23

0

ST
H
H

6

ARANQ
DPNFV
NEEYQ

ADNEA
ME T5|D



CTCF

|zolatory chrani vzajemnou nezavislost sousednich domeén,
nedochazi k vzajemnému ruseni (B).

- CTCF funguije téz jako
A) Insulaters block the regulatory signals that control gene expression kétva pro nukleosomy
s e - interaguje s kohesinem
— = a podili se na utvareni
——-—-— R v v 7 . ,
Regulatory modues Gene vyssich chromatinovych
struktur
Signals blocked
Insulator
B) Insulators prevent cross-talk between functional domains {
Yes Yes




Hormon receptor family

Jaderné receptory — steroidni hormony, thyroidni hormony a
retinoidy — navazani ligandu stimuluje translokaci receptoru z
cytoplasmy do jadra a vazbu na HRE (hormon response
element - regulaci transkripce)

- a-Sroubovice-smycka(loop)-a-
sroubovice (kolme)

- 4 Cys koordinuji Zn

- 1. helix ve velkem zlabku a
smycka s druhym helixem

kontaktuji cukr-fosfatovou
kostru

- doména dimerizuje (pres
smycku)

18. Hormone receptor (2nll)



navazani ligandu stimuluje vazbu k DNA

Structural Organization of Nuclear Receptors

N-terminal Hinge C-terminal
domain region domain

DNA binding Ligand binding
‘ domain (DBD) doman (LDB)

3D

DNA DBD


//upload.wikimedia.org/wikipedia/commons/3/3e/Nuclear_Receptor_Structure.png

- hormony (estrogen)
nebo syntetické latky
(diethylstilbestrol)
pusobi jako agonisté a
stimuluji vazbu Estrogen
koaktivatord -

- antagonisté (synt.,
hydroxytamoxifen) brani
vazbé agonistu a
koaktivatoru

http://en.wikipedia.org/wiki/Nucle
ar_receptor - seznam receptoru N

a JeJ|Ch |Igandl°J Heceptor

gena
expression

gene
expression

|



//upload.wikimedia.org/wikipedia/commons/d/d4/NR_mechanism.png
http://en.wikipedia.org/wiki/Nuclear_receptor
http://en.wikipedia.org/wiki/Nuclear_receptor

tfida | (homodimery, cytoplasma) a tfida Il (heterodimery,
jadro) — vazba ligandu také moduluje vazbu ko-aktivatoru
(dalSich transkripCnich faktort nebo chromatinovych
remodelatoru/napf. histon acetylasa — acetylace uvolni
nukleosom)

hormone
Q
HSP
changed
cell function ‘\
}'Cg — §§ NR dimer
rotein

gigg NR/hormone P

complex nuclear J

ore
NR/HSP P mRNA
complex ribosome
cytoplasm N\
coactivator
N nuclear
envelope
RNA polymerase MRANA
NR dimer § % J
nuclear DNA
HRE target gene
cell
membrane

wikipedia



Loop-sheet-helix

- core/DNA-vazebna doména p53 — transkripéni faktor dulezity
pro regulaci bunecného cyklu, apoptozy a opravy poskozené
DNA (nadorovy supresor)

- SmyCky vychazejici mimo
hlavni core doménu — vyCniva
B-list a a-sroubovice

- 3 Cys a 1His koordinuji Zn

- helix ve velkém zlabku a
smycka v malem zlabku

- Aktivace transkripce skrze
kyselou TA doménu

TFIID,;I'FIIH - transkripce

MDM2/MDM4 - ubi



Loop-sheet-helix

- core/DNA-vazebna doména p53 — transkripéni faktor dulezity
pro regulaci bunécného cyklu, apoptozy a opravy poskozené
DNA (nadorovy supresor)

- Konsensus sekvence
PuPuPuC(A/T)(T/A)GPyPyPy
(v promotorech p21, PUMA)

- 95% “nadorovych” mutaci je v
,core® domeéne (R273H)

- Regulace/aktivace modifkaci
C-koncové domeény

Protein se vaze jako tetramer
(C-koncova domeéna)




Gald

- transkripCni faktor reguluje v kvasinkach metabolismus
galaktosy (kvasinkovy dvou-hybridni systém)

- 2 a-Sroubovice

- 6 Cys koordinuje 2 Zn (2 Cys
sdilené 2 Zn)

- 1. helix ve velkém zlabku a 2.
kontakt s cukr-fosfatovou
kostrou

- Dimerizuje pres kratky CC
segment

Vi,
&

;-\--.

Marmortstein et al.: Nature, 1992 20 Gal-i].-‘type [:"[d66)






 Helix-otacka-helix

Motivy DNA vazebnych domeén
« Zipper typ

Leucinovy zip
Helix-loop-helix

HTH

— Winged helix
— TALE
« Zinkovy prst

BPBa zinc-finger
Hormon-receptor
Loop-sheet-helix
Gal4

Kombinace motivu (Sroubovice, Zn ...

... nejéastéji VZ a Sroubovice

Kombinace vice proteinu ...
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IFN-B enhanceosom
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CTTATCHA E° .
transkripce

- jeden z nejlépe popsanych enhanceru u vysSich eukaryot — induk. viry
- sekvence -102 az -47 basi upstream od pocatku transkripce

- TF pokryvaji 72% povrchu DNA (tésné sbaleni DB-domén) — malo PPI
- nicméné vazba 8 proteinu je koordinovana (AP-1, IRF-3, IRF-7, NF-kB)
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Panne et al, Cell, 2008
Panne, CO in SB, 2008 m Activator Protein = b-ZIP (basic leucine zipper)




IFN-B enhanceosom

n
»

transkripce

- koordinovana vazba 8 proteinu (AP-1, IRF-3, IRF-7, NF-xB)

- AP-1 slabeé interaguje s IRF proteinem, ale IRF proteiny mezi sebou
nemaji zadny kontakt

- Sroubovice IRF-3 ve VZ ohyba DNA, coZ stimuluje vazbu dal$iho IRF

- ohyby se po % otoéce kompenzuiji, takze DNA je v tomto iseku ROVNA
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Panne et al, Cell, 2008
Panne, CO in SB, 2008

IRF — interferon regulation factor = Sroubovice ve velkém zlabku
a smyCka (His) kontaktuje base v malém Zlabku



IFN-8 enhanceosom

n
»

transkripce

- koordinovana vazba 8 proteinu (AP-1, IRF-3, IRF-7, NF-xB)
- pS0/REL-A gimerizuji (B-listy) - p50 slabé interaguje s IRF-7
- vazbado VZ ...

Ra%
544
a4
= Ad3
A2

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




5 ATF2.  IRFa3A IRF-3C S p50 ?
- en anceosom 5' TAAATGACATAGEAAAACTCAALQGCEACAAQTCARAAGTEEGAAATTCCTCTE 3!
31 TTTACTGTATCCTTTTSA CCCTCTTOAL CACCCTTTAAGGAGACA 5/

c-Jun il sl R

- TF pokryvaji 72% povrchu DNA (tesné sbaleni DB-domén)



o
5 AIFZ  IRF-3A IRF-3C 2 ps0 o
1
I F N -B en han ceosom 5" TAAATGHACATAGEQRAAAACTOALEQGRGAGAAGQT LETCEEEAAATTCCTCTE B0
31 P

ACTGTATCCTTTTGA CCCTCTTCA CACCCTTTAAGGAGARCHA &

c-Jun IRF-rb RelA

PYMOL

smyéky IRF — MZ
Cervené teCky — molekuly vody http://www.rcsb.org/pdb/101/motm.do?momID=122
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start of transcription

- vazba vetsiny TF pomoci Sroubovice ve
velkém zlabku (leucinovy zip, HTH, zink-
finger ...) @ @ e

- transkripcni komplexy (enhanceosom ...)

Priste:

- Histon, HMG-box

- B-sheet motivy

- enhanceosom ... a pocatek transkripce

UTP, ATP
CTP, GTP

Enhancer._

--"

i
TRANSCRIPTION




