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

2500 struktur v PDB (v roce 2014)

Search | PDE:

GIpDE O Pfam O ScOP OGO terms O Fuzznuec O BLAST

NPIDB List of complexes O

The resource NFPIDE (MNucleic acid — Protein Interaction Structures of protein-nucleic acid complexes are extracted
DataBase) includes a collection of files in the PDE format from Frotein Data BEank (PDE) as files in the PDB format.
containing structural information on DMA-pratein and RMNA-protein
complexes, and a number of online tools for analysis of the A5 of 27.11.2013 there are 4482 structures.
complexes. The taols are: an original program CluD for analysis of - : -
hydrophobic clusters on interfaces, program for detecting potential Each individual cornplex has its own web page, containing

hydrogen bonds and water bridges, visualization of structures with | | general information, links to other resources (e.g., PDBsum and
Jmol. Information on SCOP and Pfam domains detected in protein | | BIFA), a table describing biological units or models, tables

chains is presented. describing FPfam 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, Volume 41 |ssue D1 D517-D523 (January 2013)

http://npidb.belozersky.msu.ru/



Komplexy spojené s transkripci

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

transcription factors

Cﬁ:iC cells
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Tvarova a nabojova specifita DNA determinuje typy DNA-

vazebnych domeén (oproti velké rozmanitosti protein-proteinovvch
interakCnich domen)

Guanine Cytosine

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

- Interakce sekvencné nespecifické
(kostra — histony; strukturné specificke
- HMG proteiny) nebo sekvencné
specifické (kostra+zlabky —
kombinace: Bglll (AGATCT) a BamHlI . S
(GGATCC) kontaktUji Stejné baze a ,shape readout*
Ctou“ zakriveni okolni DNA ) zakriveni kostry souvisi se sekvenci
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=  groove
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A-DNA (GQ) B-DNA (GC) B-DNA (AT) Z-DNA (GC)
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&
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E major potential
7] roove
E 2 neutral
e
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E groove potential

,Shape readout”
zakfiveni kostry - souvisi se sekvenci a prostfedim ~ Rohs etal, Annu Rev Bioch, 2010



Vazba DNA-protein muze indukovat
Zzmeny
ii , b
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Rohs et al, Annu Rev Bioch, 2010
Bend Kink

1jj4 (... napt. histony) 2kei, Lac represor
(Leu do maléeho zlabku)

- vazba proteinu mize indukovat zmeény ve struktufe DNA

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



Vazba proteint s DNA prostrednictvim

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

fosfaty mohou interagovat s

Arg a Lys — solné solnych mustku
mustky/salt bridges ] E g P

(pozitivni naboje Arg a Lys ‘gl -
vytvari vazbu s negativnim '
nabojem fosfatové skupiny)

Elektrostaticky naboj/povrch
naznacuje vazebné
schopnosti proteinu

Atom type (PDB entry) Residue Relative charge
NZ Lys 1.00

NHI Arg 0.50

NH2 Arg 0.50

OEI Glu -0.50

OE2 Glu —0.50

OD1 Asp —0.50

0oD2 Asp —0.50

OXT All residues -1.00

N All residues —0.10

CA All residues 0.10

& All residues 0.55 e -

0

All residues -0.55 Gajiwala & Burley, COiSB, 2000




Major groove Major groove Minor groove Minor groove
' - ) { 0 )
- P

sekvencneé-specificky protein kontaktuje baze (,direct”
readout) — skrze velky nebo maly zlabek — velky zlabek je
lépe pristupny — vodikoveé vazby (donor vs akceptor elektronu)
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major groove aior groove

Jak odlisi
protein rlzné
pary bazi?

DAA

7€ NNinr-n G\ N

N
[IIMH =N
)
H
\ Minor groO"e

major groove

Pozice donor vs
akceptor
+ metyl skupina

minor groov®

major groove

Metylace Ade
(C6NH,) U bakterii

R &, zmena!
KEY:
N"““‘H%_@ 0 = H-bond acceptor
3’ \y ﬁ = H-bond donor
Q = hydrogen atom
/ @ = methyl group

ADA

Minor groo\!a

Minor groove



Vazba proteinu s DNA
prostrednictvim vodikovych vazeb

H O
| |l
* Velky Zlabek mé velikost v o AN
odpovidajici rozmé&rdim a- P 7 Sl -
Sroubovice a ma (orasparagine) G s
exponované H-vazebné N -
skupiny ;i{%hj‘ " 1 .l E_H
]g \H‘Ha -
Ade zbytkyv_C-6(NI.—I.2) aN-7 \\(Nw,,,,\,é\y:/ ﬁ,”h” )G\Si;w
mohou tvorit specifické - R SR WP N
’ e N
vodikove vazby s GIn a Asn \
Thymine =Adenine Cytosine=Guanine

Gua mUzZe tvorit specifické
vodikové vazby s Arg

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

Silna vazba, sekvencné specificka - afinita nM — uM
Slaba vazba, strukturné 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 ~ Pres aromaticke AMK L 7. pNA —  Major groove

(base stacking)

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

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



Motivy DNA vazebnych domeén

Zipper typ
— Leucinovy zip
— Helix-loop-helix

Helix-otacka-helix

— Winged helix

— TALE

Zinkovy prst
BBa zinc-finger
Hormon-receptor
Loop-sheet-helix

Histon, HMG-box ¢
B-sheet motivy I B-listy

HTH

Gal4

a-Sroubovice

Luscombe et al, Genome Biology, 2000




Motivy DNA vazebnych domén

e Zipper typ (dle zptsobu dimerizace)
— Leucinovy zip (tzv. bZIP = basic)

(transcr. fact. yGCN4, c-Jun/c-Fos=AP-1)
o 2 a-helixy (2 x 60 AMK)
 coiled-coil (>30AMK, Leu, C-term)
e bazicka Cast (N-term

e bazicka Srou

c-Fos

Pkc/Cdc2

I I
58 139

bovice vazana do VZ

A

nus, navazuje na CC)

Frk Erk Rsk2 Erk

Vol b

1232 T325 T331 S362 S374

—

B o 0 ]

-

381



Interakce bazickych AMK: Arg(232+240)=PO,, Arg(243)=Gua
Konsensus sekvence: TGACTCA
GCN4 — regulace gen0 pro syntézu AMK



GCN4

@ Top page @ Pruteinl [ DHARNA |

NUCPLOT Go to PDB code: | 1YSA Iil ﬂ'__e_

DNHA-binding proteiniDNA

Hl ﬁ e, -
o R—I\II—(IZ—C—R'
R—N—(I:—g—R' Arginine " ?Hz T @
|| CH,
_ H CH; I
Glutamine | cIH2
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\
o LI )
Thymine = Adenine Cytosine=Guanine NH1 Arg232(D)
Figure 28-10 P S l-g L
ST Pt Gy _ -~ Thr236(D)
Konsensus sekvence: TGACTCA J1— (| — G‘@ NH1, NH2 Arg243(D)
Thr236(C) OG1 () ' N O - NH2 Arg240(D)
Key | |

@ Backbone sugar and base-number

® Phosphate group

---------------- Hydrogen bond to DNA
——————— Nonbonded contact to DNA (< 3.35A)
88 Water molecule and number

@ Metals @ Prot-prot @ Links
PDB id 1YSA i

Jones a spol., NAR, 2003



c homo/hetero
c-JUN|c-JUN (TRE > CRE)
JUNB (TRE > CRE)
JUND (TRE > CRE)
OSB (TRE > CRE)
FRA1 (TRE > CRE)
FRA2 (TRE > CRE)
ATFa (TRE = CRE)
ATF2 (CRE > TRE)
ATF3 (CRE > TRE)
ATF4 (CRE)
B-ATF (TRE > CRE)
c-MAF (MARE 1/11)
MAFA (MARE /1)
NRL (TRE-related)
MAFF/G/K (MARE /1)
NRF1 (ARE)
NRF2  (ARE)
NFIL-6  (TRE)
AP-1 " heterodimery
—_—
TRE: TGACTCA EFOSH c-JUN (TRE > CRE)
ACTGAGT - JUNB (TRE > CRE)
-~ JUND (TRE > CRE)
CRE: TGACGTCA /—\:Fa INEI DH"CHIQ}{
ACTGCAGT ATF2 (CRE > TRE)
— ATF4 (CRE)
— o c-MAF (MARE /1)
MARER TRORCAETERGCR MAFA  (MARE V)
T MAFB (MARE 11l
MARE II: TGCTGACGTCAGCA MAFF/G/K (MARE /1)
ACGACTGCAGTCGT NRF2 (ARE)
. NFIL6 (TRE)
ARE: a/gTGACNnnGC
t /cACTGnnnCG kombl nace

P, FasL, 1)
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ner, NRC, 2003



— Helix-loop-helix (c-Myc/Max, MyoD)
« CC a bazicke Casti jsou oddeleny smyckou



Motivy DNA vazebnych domén
o Zipper typ

Leucinovy zip
Helix-loop-helix

¢

Helix-otacka-helix

HTH

— Winged helix
— TALE

e Zinkovy prst

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

(P)

a-Sroubovice

16. Ets domain (1bc8)



Helix-turn-helix motiv (HTH)

e Obsahuje ~ 20 AMK ve dvou
Sroubovicich vzajemné kolmych

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

» Sekvencné-specificka vazba
prostrednictvim ,recognition*
Sroubovice a velkého zlabku

» nejcasteéjsi motiv u prokaryot -
homodimery vazou palindrom.
sekvence

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

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

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



Liljas a spol.

6CRO

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

Sekvencné se rlzné HTH pfriliS nepodobaiji
1. variabilita v rozpoznavanych sekvencich DNA
2. variabilita v pozici ,recognition” Sroubovice ve velkém
zlabku (paralelné k roviné bazi nebo delSi Sroubovice jsou

paralelné k cukr-fosfatové kostre)



,2Winged“ helix (okridlena Sroubovice)

- winged“ HTH obsahuje ,recognition” sroubovici (H3) a B-listy,
které poskytuji dalSi kontakty s DNA

Wi
K H2 — A
2 S1 __-____--"'---"..-‘--ﬂ"'.;—-- N _. S
— H1
Gajiwala & Burley, COiSB, 2000
Luscombe et al, Genome Biology, 2000
16. Ets domain (1bc8)

W2 Current Opinion in Structural Biology

Méné Gasto kiidlo ve VZ a cukr-fosfatova kostra se Sroubovici (hRFX1)



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

Méné Gasto kiidlo ve VZ a cukr-fosfatova kostra se Sroubovici (hRFX1)




start of transcription

- winged* HTH v mnoha specifickych o

transkripCnich faktorech, ale takeé v ,general® |
TFIl faktorech (strukturni tloha)

(B)

TFIFe 93-1-:-? 3:1:--#:-:- E-.*J-CEZ!HE [ Dimerzation Domsin H
e ve——
(Thg1) s {3 Winged Helix Domal
! 102 =5

A1

__» Cyrin Fokl

. Fi] 154 ek e

a7 - «__» Evlended Winged H (C)

TFIIFf o] 144 o e
i

(Ti52) —--—C

A94.5 g ad 20

e a0 -
(Thait}

ca2 I 534
&
UTP, ATP
‘/ACTP, GTP
TEIER LT W
(Tra2) '_.._ e
322 J
102 255
15 ad

Vanini & Cramer, Mol Cell, 2012 TRANSCRIPTION




stereoskopicky obrazek
docking (pouze model)

Skladani nukleosomd
do kompaktnéjsich
struktur

Fan & Roberts, PNAS, 2006

J. Fajkus

Histon H1/H5 interaguje s DNA (nukleosomem) a vytvari dimery
(nukl. diady) — WHD doména muze vytvaret vice kontaktl (H3
Sroubovice-MZ, wing-cukrfosfatova kostra, protein-protein int.)



Transcription activator-like effectors (TALE)
Patogenni bakterie injikuji do rostlinnych bunék
ovliviiuji transkripci rostlinnych promotord

-
S » ‘-(! -
- {

2y
PthXol

23 repetic obtaci DNA ve VZ

TALEN technologie Mak et al, Science, 2012



Type Il Repeat Activation
Secretion Signal Region NLS Domain

T RLCALLTECLEETALTOGTARAR CUAG

' (W)(R) NN[HD|NI{HC[HDINGIN I HOIHDININGINCIN I HDINCINNINGINT N TIN T[N [N NS Nt
i l
'

} 4012345678 91011121314 151617 18 19 20 21 22 23235 1373
127 .

1149

LTPAQWATASHDGGKQALETVQRLLPVLCQAHG

® 10 b 2 Y} 0 A
Tandemové repetice (34)
AMK v pozicich 12 a 13
urcuji specifitu (repeat-
variable diresidue) —

hlavni:
HD, NG, NI, NN,

S11 . s v
NS, HG, N* \ Interaguje otacka/turn
gkl ¥ v ) spie neZ &roubovice
o A B
P3 )
Bl
‘T2 L1

Mak et al, Science, 2012






Motivy DNA vazebnych domén
Zipper typ !

— Leucinovy zip
— Helix-loop-helix

Helix-otacka-helix

inc finger

- Zinc fi
\/) His motif
WCys

//_ V4
— HTH @ 2=
— Winged helix o-Sroubovice -
— TALE

Zinkovy prst

— PBPa zinc-finger
— Hormon-receptor
— Loop-sheet-helix ‘

Zinc finger motif

— Gal4




Zinc-finger/Zinkovy prst
- cca 30 AMK ve dvou kratkych antiparalelnich B-
listech a a-Sroubovici
- smycCka (,,hairpin“) stabilizovana (,crosslinked*) Zn2+ -
koordinovany 4xCys nebo 2xCys + 2xHis
(tetraedricka struktura)

C2H2 motiv: PDB grafika _
Cys-X,_,-Cys-X4-Phe-Xs-Leu-X,-His-X;-His :

iy iy
1 ] 1
W W WY RV AYY
FPYAaCPVESCDEREF SESDELTEHIEI
5 101 15 Al A5
otifs: beta turn —— beta hairpin

- p— n B n .
esidue contacts: to OMA‘RNA  to metsl



Zinc-finger/Zinkovy prst
- cca 30 AMK ve dvou kratkych antiparalelnich B-
listech a a-Sroubovici
- smycCka (,,hairpin“) stabilizovana (,crosslinked*) Zn2+ -
koordinovany 4xCys nebo 2xCys + 2xHis
(tetraedricka struktura)

C2H2 motiv:
Cys-X,_,-Cys-X;-Phe-Xc-Leu-X,-His-X;-His




- vazba na DNA je relativne slaba, takze se typicky vyskytuje
tandemove nekolik domeén za sebou (3x v Zif268, PDB=1zaa)
- a-Sroubovice se vaze do VZ — v tandemu obtadi VZ

Chain @ (85 residues)

UniProt code:P08046 & {EGR1_MOU SE]G [Pfam] =

A% & structural classification (3 domains) :

1 [ 5 oh 3.30.160.60 = Alpha Bera 2-Layer Sandwich
2 [ 5 ot 3.30.160.60 = Alpha Beta 2-Layer Sandwich
3 [ ot 3.30.160.60 = Alpha Beta 2-Layer Sandwich

E ; E H2
+ = R =
:?1
Yy ¥
Fretein chsin C nighlightes RPYACPHESCDRRFSRSDELT‘RHIRIHTG(;KPFQ:RICI-.-IE‘NFSRSDI—ETIHIRTHTGEEP
(elick to view] 3 w 15 4z0 & 30 35 40 4P &Ko 55 60
4 § |' ' ] :'. T M o .
N IR noho kontaktu je
Secondary structure E;“'”";DT“ “P,;LM;I &EER .r - “ J
—wiring diagram | neprlmyCh pres

molekuly vody



- 3x v Zif268, PDB=1zaa

- a-8roubovice se vaZe do VZ — v
tandemu obtagi VZ

- AMK na pozici 0 — 6; variancemi AMK
=> sekvencni specifita




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

N/

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

Zif Finger 2

Zif Finger 1 Z|f268

GLI Finger 4 GLI Finger 5

TTK Finger 1 TTK Finger 2



Dobre charakterizované DNA-proteinové 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

-:ﬂ

a@ |‘.\,., http://zf princeton.edu/index.php

P~ra H:;{.: UCSF Chimera Home Page

| ClusPro 2.0: protein-protein do..‘| & Predicting DNA Recognitio... | 2 De novo prediction of DMA-bi... | | Ak {Eé

93 = Vitava - Klasicka hudba, lit... = Internet - Radio Proglas Po dlouhé nemoci zemiel ..

Pridat k oblibenym polozkdm | ¥

Oblibené p... | Informaéni ... | Historie

a Encyclopedia of Life Sciences
Bj Ensemnbl release Homo sapiens Ex...
= Entrez-PubMed

a Essential Uncharacterized ORFs - V...

gj EST Profile - microarray

2| EUROSCARF

a ExPASy - ProtParam tool

ej ExPASy - ScanProsite

2 ExPASy - Tools

a ExPASy Molecular Biology Server
a Forsburg lab 5. pembe Technelogy
c'.'j Fralanyzer

a FreeFullPDF.com

a FUGUE Profile Lib Search

ej GCG-instructions

ej GCUA seqoverall optimal

= gene

a GeneCards

E] GeneDB

E] Genesilico Metaserver - meta2
E] Genesilico

a GEMEVESTIGATOR - shaping biclo...
E] Gestation, Incubation, and Longev...
E] gold Genomes Online Database H...

2 GoPubMed

£ HADDOCK docking

£ HCPIN Database Site

£ HMMER

@ HotSpot wizard - Enzyme Enginee..,

= Human chromosome map

Zapnout funkci Navrhované weby...

G e @F O

. § Zpravy iDNES.cz - Piehled...

E?T B = @ ~ Strinka v Zabezpedeni > Mastroje v @’

Predicting DNA-binding Specificities for Cys;His2 Zinc Finger Proteins

Protein-DNA Form

Generate Sequence
Logo

Downloads

Analyze Genomic
Sequence

Help

Contact Us

A DNA binding site predictor for Cys;His: Zinc Finger Proteins

Welcome to our new site!

For a given CzH: 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 sequences 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. It 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
through a simple HTML page that
contains the generated sequence
logo.

Persikov a Singh, NAR, 2014

e 09-09-2010

-
10.10.2014



- 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

TAL Effector

(a) Zinc Finger Protein | (b)

=
£
=
o]
2
o-
o
F
o
=

a) DNA-Binding

Perez-Pinera a spol., COICB, 2012




- obsahuje 11 zinkovych prstl — k vazbé& na DNA pouziva rlizné
: . kombinace ZF

Ts YOEEFEPYTN HKRENLLREMKSES EERE
ZF1 s rolELEsyTcrRRSNLDREMKSETDERE
Dm ¥S[EpHEPYTASKKENI TREISRSEDVEDS

F L

Sp1 L

ctcr | e e e
ZNF43 [TA R RIREIRIEIRIE|EIE

S e

AETETETEY |

Bere | I emereoz | 0000 TAFIFIGIEI

Ts ¥OQEEVENQRFTESNSLKALKY . TESG . SREV T GAGCOGAAGAOGANGT COAC CECET TT TAARACACGEA
ZF6 Bs YEEYIEHARFTQSGEMEMEILOKETENVAK.
Dm YQ[EDIEKSRETOS L. IfISVVDKEY 8 PLHK AEAGERRGATT TAAGTARARGCTTOC TEEAREAER B A
-123 6 fis'mi TCTCCTTCTRAAT TCATTT TCAARGGACCTCCTCOCACATT
i’ 180 180 280 9 PIM-1 CTTTTCCT TCOCGECCACET Ol TAGAGACCATT
Ts FQEKFEPSSCGRK REEIVOKLETA . SAP i SAARAGCARSOOCED CCOCCOCATOTCTOOTAA
ZF7 Hs FHMPHMDTVIARK LG LREQBISYIEQG
Dm EQENYSETTCCHERARURNGTLKHMBINS . DVE 10, PIN-1 FaocATrOasaTER aczaasag
crEsf miause COCCTOTOCCCRCATCGGCGOTCCOCCGCCToRTOTOrD
by v 1 pl9ARF GCAZGECCOR CTOCCCCTan TCTToO0A
Ts IKEXKKEDRTETDRETFREEICKEEDGERT o =
ZF8 Hs KK@MRYMDAVFHER¥ALIQIQOKSEIKNEKR TELISE CETOCCGEGIGTGE0E o0 GAAGARCOCT
Dm MTMRRMGOOLPDREC YRHVKSEIEGERC
123 6 12, DMD4 GEARCOGAGCTACCE AGCATACTCOTATATA
mioLUEE CTTHCCTCGRATEGCECECCACCETCETATBAGGATATAT
230 240 250
Ts ¥OEHLEPYSAMAQREBLEBETLLEHSDKP 13 DMDT CTARATGOACRGACEATEE AETRCAATAC
ZF9 Hs FKMDOMDYACRQERHMIMEKR TEITGERE TYLEE GATTTACCTITCTACTA ACCA CATATTATA
Dm ¥SEKLMsYASvTORELASHMEIRILDEKP
=k &3 0% 14, “144" gilen, coTGAGTEHCATTTCCCTCATSATOCAAAAENEERAATARD
tee e s ral GEACTCAC AITACTRGGTTTTCTCCCTTATTA
7ZF10 bl B M e N ME R MR e 15, AFP TTCCCOGECHE TAEEEET CTCTCTCIaGTHOCEA
3 e fei AADZECCCOoO0 QATCOOC GOCCACTRCT
Dm FH@EDOMPOAFROROLLREMMNLVEINEEYD
-1 23 6
290 200 10 TRENDS in Genglics
Ts LNDNLASPSTSGVSVASASSSSSFSSTSPNSS
ZF11 s Ba..... AFV[ESKEGK TFTRRNTMAREIADNEA i
Dm PPEPREKLHKPSPRE?THKGNLM ME’I‘D Ohlsson a SpOI’ TIG’ 2001
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CTCF

A) Insulators block the regulatory signals that control gene expression

Regulatory signals
influence gene expression

Regulatory modules Gane

- CTCF (zkratka z CCCTC factor)

- izolator/insulator brani transkripci

- vaze se mezi transkripCni aktivatory a
obecné transkripcni faktory

ZF1

ZF2

ZF3

ZF4

ZF5

ZF6

ZF7

ZF8

ZF9

ZF10

ZF11

10

20
Ts YQOEEFMPYTNH L KSEISEERP
Hs F LMSYTCPRRSNLD KSEITDERP
Dm ¥SMPHEPYTASKKEHEITRSRSEDVEPS
123 6

40

30 50

Ts FEMTVMERCFEENSSLONEIIN GTRP

Hs HEMGHLMGRAFREVELLRNLILN GTRP

Dm FKESI[EERSFRENVGL( INTEMGNEPR
23 6

=3

60 70 8o

HOMKGEELAFTES I IRYEEITLEKP

HEMPDMDMAFVES RRY HEKP

HK[EKLEESAFTES TRY KEKP
-1 23 &

110

99 10_0
HKETEFSYASV IRSEITGERP
FRMSMEDYASVEVSKLKRIIRSETGERP
HKMTE[TYAS RREMTCEITGERP
-1 23 6

120 130 11.0

Ts ¥H SYASP JKREILRVETCEKD

Hs FOSLIMSYASR KR[MRTESGERD

om YOMPHETYASODM VIBTGEKK
1 23 6

150

-1 23

Lqﬂ 125 zqo

Ts FQEKFMPSSCG REGIVOKLEITA . SAP

Hs FHMPHEDTVIA LG LREQEISYIEQG

Dm FQENYEPTTCGREADL IKHMEITS.DVP
123 6

2 I:U 22_0
Ts IKBMEKKEDRTET TFKEEICKEEIDGERC
Hs KEMRYMDAVEH ALIQEBIOKSEIKNEERR
Dm MT@ERREGQQLP QYKBEIVESEIEGERC
-123 6

230 240 250

Ts YOEHLEPYSAMAQRELEBETL LEHSDKR

Hs FKDOMDYACROERHMIMIKRTETGEKE

Dm ¥SEKLES¥ASvVTORELASHMEIELDEKR
- 23

1 13

260 270 280
Ts ¥EKEVDENLSFK@VS KREIVESTEIAAAND
Hs ¥ SHMDKTF K DMEIFKRYEIDPNFV
Dm FHEDOEPOAFRQROELRREIMNLVEINEEYQ
-1 23 6

SPSTE

Ts LNEL
Hs PA

GKTETRRNTMA
—— -1 23 3
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Ts YQEEVENQRETES K L.IESG.SRPV
Hs YEMYIMHARFTOSGEMEKMEIILOKEITENVAK.
Dm YQEDI[EKSRFTOS L.IESVVDKEY
6
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CTCF

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

- CTCF funguje téz jako
A) Insulators block the regulatory signals that control gene expression kétva pro nUkIeosomy
g oghryigeh - Interaguje s kohesinem
b il a podili se na utvareni
——--— v w7 . ,
Ragllkcios Fdaiia Gari vyssich chromatinovych
struktur

- - Enhancer._

e L - |
o __________ B B _______________F- vﬂ




tfida | (homodimery, cytoplasma) a tfida Il (heterodimery,
jadro) — vazba ligandu také moduluje vazbu ko-aktivatorQ
(dalSich transkripénich faktor(i nebo chromatinovych
remodelatoru)

hormone
Q
HSP
: changed -
cell function ‘\
}y%) — %g NR dimer
' protein
: :L;[; NR/hormone
9 complex nuclear J
ore
NR/HSP P MFINA
: complex ribosome
cytoplasm O N
coactivator
\ nuclear
envelope
RNA polymerase MRNA
NR dimer ?% J
nuclear DNA
HRE target gene
cell
membrane

wikipedia



Loop-sheet-helix

- core/DNA-vazebna doména p53 — transkripéni faktor dllezity
pro regulaci bunécneho cyklu, apoptozy a opravy poskozenée
DNA (nadorovy supresor)
- smyCky vychazejici mimo
hlavni core domeénu — vyCniva
B-list a a-Sroubovice
- 3 Cys a 1His koordinuji Zn

- helix ve velkém zlabku a
smycCka v malém zlabku

- Aktivace transkripce skrze
kyselou TA doménu

TFIID,;I'FIIH - transkripce

MDM2/MDM4 - ubi



Loop-sheet-helix

- core/DNA-vazebna doména p53 — transkripéni faktor dllezity
pro regulaci bunécneho 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“ domene (R273H)

- Regulace/aktivace modifkaci
C-koncové domeény

Protein se vaze jako tetramer
(C-koncova domena)




Gal4d

- transkripcCni 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

&

I b

Marmortstein et al.: Nature, 1992 20. Ga|4-type (1 d66)






- jeden z nejlépe prostudovanych motivil (vaZze DNA, RNA i v jinych typech proteind)

> ) Vazba 2 zinkovych prstl —
spojuje 2 transkripcni faktory
(dalsi ZnF vazou DNA): 1y0j

G =9 Protein interaguje s RNA
L & HHIV nukleokapsid (1alt)
EEAL protein se vaze na
specificky lipid obsazeny v
endosomech — esencialni pro
transport molekul do bunécnych
kompartment( (1ioc)

(i) ’ (i)
watla - 4_ \
ozdil mezi Zinc-finger¥ /, Y ‘x h
- -3X1..3 X2 2 "

a RING-finger X2® Xp %2
domeénami (interakce ‘
mezi E2 a E3 proteiny) "

Perry a spol., TiBS, 2008 9-39 x12

f. X2
X{2




 Helix-otaCka-helix

Motivy DNA vazebnych domén
o Zipper typ

Leucinovy zip
Helix-loop-helix

HTH

— Winged helix
— TALE

e Zinkovy prst

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

Kombinace motiv( (Sroubovice, Zn ...

... nejCastéji VZ a Sroubovice

Kombinace vice proteint ...




Chemokines,

Hormones,
Survival Factors Transmitters Growsth Factors
{eq., IGF1) {e.q., interteukins,  (e.q., TGFa, EGF) E‘“;:ﬁiﬂm
l serotonin, etc.) l T
T S—

\ FyniShe e
/ \ 1 E”t’z‘és’g’f// l

PI3K o—-i-————ﬁ»wmem Ras FAK Dishevelled «—
NV sic ;

¥
Akt Raf
K ¢ PKC_ Adenyiate a 355(33 -
= Akka eyolase MEK amc gehog
1 Pii& (/ v = v/
Cytokines kB ME MAPK MK B.catenin | =
€9, EPO) < HE— STAT3,5 TCF g
5 /
BoixL B-catenin: TCF < |
I , g ‘
Cytochiome C CyciD_ Gli «— &
v n"'l:l:m ""m =
Caspase 8 N
. .| Gene Requlation __f_zf
3 IFN- enhanceosom . CyclE —p27
g .

Cell # p2l
na
Proliferation
_ps3 -

Efferl & Wagner, NRC, 2003
Wikipedie



IFN-3 enhanceosom

iy

CARTRE 3¢ >

OTTATCA 5° ) -
transkripce

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

- TF pokryvaji 72% povrchu DNA (tésné sbaleni DB-domeén) — malo PPI
- nicméné vazba 8 proteinl je koordinovana (AP-1, IRF-3, IRF-7, NF-kB)

8606 6. A 8 Al 888 88 80l 64 8 a8l a8l 8 8_8o_~o_ 8
HERCEROERCERCECE oSSR RO Bk oo ERCERCER SR
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o 9 9 vie v v v e e v ¢ ¥ v v v v v e vie e e ¢ v v v
1 . -w :
3 N8
3 2 3
¥ 8
4§
~
oN - < >
' 5 ("? E_J.
L
- L U
- i Y Qr
= 8 — e

Panne et al, Cell, 2008
Panne, CO in SB, 2008 AP-1 Activator Protein = b-ZIP (basic leucine zipper)



IFN-3 enhanceosom

=] -

i : ; H
B A NG RRGRRARACTCAALCOACRAGT CAAACTECOARATICRRE 20 140 3 >
1 o y Y i EACTTATCA 51

transkripce

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

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

- Sroubovice IRF-3 ve VZ ohyba DNA, coz stimuluje vazbu daldiho IRF

- ohyby se po ¥ otocce kompenzuiji, takze DNA je v tomto iseku ROVNA

- o~ =
|- W) { r o

£ A C A~ o ;
e e e e e e e e e e e
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i 5 ? ?
= 2 - —~
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Panne et al, Cell, 2008 IRF — interferon regulation factor = Sroubovice ve velkém zlabku

Panne, CO in SB, 2008 a smy&ka (His) kontaktuje base v malém Zlabku (var WHD)



IFN-3 enhanceosom

n

transkripce

- koordinovana vazba 8 proteind (AP-1, IRF-3, IRF-7, NF-xB)
- pSO/REL-A dimerizuji (B-listy) - p50 slabé interaguje s IRF-7
- vazba do VZ ...
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Panne et al, Cell, 2008
NF-xB Panne, CO in SB, 2008



=102

-

AlE-2. IRF-3A IRF-3C -‘;’ p50 R
- e n an C eO S O | I I 5' TAAATGACATAGGAAAACT GGGAGAAGT GTGGGAAATTCCTCTG 3°'
3' TTTACTGTATCCTTTTGA CCCTCTTCA CACCCTTTAAGGAGACA 5
c-Jun ; ' RelA

cervené teCkv — molekulv vodv htto://www.rcsb.ora/ndb/101/motm.do?momiD=122



_ proteasome
receptor ?-\-/‘ degradation

o .
N & ,®IKB(1
P |liu, O

IxBa AT
(IKKC ( /
e RelA P50 nuclear

RNA polymerase

\_‘: Y }.".:.?.': ™ /7 ‘ I\_‘..r‘_?}‘ .- ’IA'\\\ T
nuclear DNA /)1 (/73| WANANAWALY

RE target gene

AR __— O pore
{ RelA p50
v 2 ribosome
RelA  pSO 3
coactivator \
I nuclear
cytoplasm o ™ vel
¥

CBP/p300

changed

cell function ‘\
mANA -)

transkripce

- enhanceosom interaguje (,pritahne*)
koaktivatory (CBP/p300 histon acetylasa),
modifikuje chromatinovou strukturu ...
umozni vazbu RNA polymerasy a iniciaci



start of transcription

Sou h m. ___ TATAbox [~

- vazba vétsiny TF pomoci Sroubovice ve
velkém zlabku (leucinovy zip, HTH, zink-
finger ...)
- transkripcni komplexy (enhanceosom ...)
Priste:
- Histon, HMG-box
- B-sheet motivy
- enhanceosom ... a pocatek transkripce
s \

Promoter

UTP, ATP
CTP, GTP
- " 4
2/
TRANSCRIPTION

Enhancer,_




