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INTRODUCTION

Transcription
TF TF

I I GENE ]

Transcription factors (TF) are some proteins that bind to specific DNA sequences and regulate
gene expression controlling (promoting or suppressing) transcription of DNA to mRNA.



INTRODUCTION

Transcription factors are classified based in their sequence similarity and therefore the structure
of their DNA binding domains.

FOUR DIFFERENT SUPERCLASSES
BASIC DOMAINS
HELIX-TURN-HELIX

ZINC-COORDINATING DNA BINDING

BETA-SCAFFOLD FACTORS WITH MINOR GROOVE CONTACTS

BHHEE



INTRODUCTION BD HTH LF BS

BASIC DOMAINS

SITUATIONS:

1. Free in solution — excess of positive charges prevent from being structured

2. Interacting with DNA — a-helically folded

DOMAINS:

1. DBD: mediates sequence-specific DNA-binding
2. DIMERIZATION DOMAIN: Leucine zipper (ZIP) / helix-loop-helix (HLH) /

helix-span-helix (HSH)



INTRODUCTION

HELIX-TURN-HELIX MOTIFS
Di-helical
Tri-helical
Tetra-helical

Winged helix-turn-helix

BD ZF

Important roles in:

DNA repair and replication

RNA metabolism and
protein-protein interactions

in signaling

BS

HSF2. PDBid: 5D8K



INTRODUCTION BD ‘ LF BS

o-Helix 1 o-Helix 2

1-2-3@8)-6-7 @M 11 12-13-14-15-@- 17 -@- 19-20

’Hydrophobic

'Gly or Ala

OGW a-Helix 2 — binds to DNA

a-Helix 1 — stabilizes



INTRODUCTION BD HTH ZF BS

Zinc finger is a small protein structural motif ZINC-COORDINATING DNA BINDING
that is characterized by the coordination of one

or more Zn ions in order to stabilize the fold. Cys2-His2
7 Gag-Knuckle

Treble-clef

Zinc ribbon

Zn2/Cys6

Miscellaneous

EGR1. PDBid: 4R2A



INTRODUCTION BD HTH LF

BETA-SCAFFOLD FACTORS WITH MINOR

GROOVE CONTACTS
RHR STAT
p53 MADS box
B-barrel a-helix TF HMG-box
Heteromeric CCAAT Grainyhead
factors

Cold-shock domain

Runt
factors

Tata binding protein.
PDBid: 1PCZ

TATA binding proteins






METHODOLOGY
EVOLUTION

DIFFERENT SPECIES —— O 1IPLE SEQUENCE

ALIGNMENT
FINDINGING PROTEIN

SEQUENCES MULTIPLE SEQUENCE

*% SAME FAMILY ALIGNMENT

- -
Prot ¢ SIS ALL HUMAN
R STRUCTURAL ALIGNMENT
General and secondary
structure

STRUCTURAL ANALYSIS __ CONCLUSIONS

DNA-protein interactions

Other conformations

J UCSF —
Chimera




METHODOLOGY

MULTIPLE SEQUENCE ALIGNMENT

1. hmmscan

clustalW

—)

2. hmmfetch

—)

3. hmmalign

4. aconvertMod?2.pl




METHODOLOGY

STRUCTURAL ALIGNMENT

1. STAMP

—> 2. Rough

3. Alignfit







Proteins

LEUCINE-ZIPPER FACTORS (bZIP) ZINC-COORDINATING DNA-BINDING DOMAINS
c-FOS c-JUN Early Growth Factor 1 (EGR1)
(Homo Sapiens) (Homo Sapiens)







c-FOS c-JUN
CLASSIFICATION

Scop

Coiled-coil proteins

Parallel coiled-coil

Leucine zipper domain (bZIP)

Leucine zipper domain (bZIP)




c-FOS c-JUN
b-ZIP FAMILY
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Essential roles from early development to tumorigenesis

40-80 aa long with two motifs:

Basic region — allows DNA binding

binding

o

Leucine zipper — allows dimerization and DNA

=

=

Tightly bound to the major groove of the
DNA, like a pair of forceps

Every two turns (7 residues)
Interdigitate with Leucines from the other helix




c-FOS c-JUN
BIOLOGICAL FUNCTION
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1. Cell proliferation 4 Transformation

~ Areinvolvedin:| 2. Survival 5. Oncogenesis

3. Apoptosis
AP-1TFs

CRE

Belong to Jun, Fos _
~ 8 .. — They form dimers <

and ATF subfamilies TRE 5'-TGAC/GTCA-3’

Heterogeneous AP-1 complexes fulfill distinct roles in cells of different lineage

Are regulated by MAPK pathways — c-Jun needs to be phosphorylated to
bind to DNA and form heterodimers with c-Fos

Induce cell proliferation since they are proto-oncogenes



c-FOS c-JUN
ACTIVATION
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= Ser243/
Ser63/73 Thr91/93 Thr231 49
2¢ ¢9 ® 9¢
c-Jun m_
267 321
. . Phosphodegron .
| Transactivator motif | F:mtifg bZIP Domain
Ry = -

e Ny

Dimerization and

Transcriptional machinery c-Jun Degradation

+ (Ubiquitination)

c-Jun Autoinduction
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c-FOS c-JUN
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GENERAL STRUCTURE 3
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c-JUN
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CbZIP )
UP Sites (_Basic motif (_Leucine-zipper )
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c-FOS c-JUN
GENERAL STRUCTURE
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COMPLEX | COMPLEX Il

5’-TGACTCA -3’

5-TGAGTCA -3’
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c-FOS c-JUN
GENERAL STRUCTURE
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DNA-protein interactions

M Fos

" JUN
DNA-binding Motif-F

8 DNA-binding Motif-J
Conserved Serine/Cysteine

B AP-1site

5’- TGACTCA -3’
3’- ACTGAGT -5’
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c-FOS c-JUN
GENERAL STRUCTURE £
D

A | Coiled-coil interactions o

‘Knobs into holes
packing’
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FOS  Hydrdphobic JUN
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c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

Hydrophilic Hydrophobic
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c-FOS c-JUN

SECONDARY STRUCTURE - EVOLUTION AMONG DIFFERENT SPECIES (MSA) ;fé;
CLUSTAL W(1.60) multiple sequence alignment Yﬂ}@’@)ﬁ’
FOS MOUSE —=—===KRRIRRE RRRELTDTEQAETDQEMEDEKSABOTEIANBMLKEKEKB®E-———--f1i1-
FOS HUMAN ===~KRRIRRE RRRELTDTEOAETDOMEDEKSABOTEIANMLKEKEK®ME-——--fil-
BOS DRNRE & ssessusooeos RRE RRRELTDTEOAETDOEMEDEKSARONDIANMI KEKERM-———— efil
FOS BOVIN === KRRTRRHE RRRELTDTEQAETDQEMEDEKSABOTEIANMLKEKEKBME-—--f11-
FOS RAT ====KRRTRRE RRRELTDTEQOAETDOMEDEKSABOTEIANMLKEKEKRE——-—--fil-
BOS PIG =z==RRRIRRE RRRELTDTEQAETDQEMEDEKSABOTEIANBMLKEKEKB®E-——--fi1-
FOS CHICK ===~ KRRIRRE RRRELTDTEOAETDOMEEEKSANOAEIANMLKEKEKEME-——-—--fil-
FOS CAT —-—==KRRIRRE RRRELTDTEQAETDQEMEDEKSABOTEIANMLKEKEKBME-—-—--fi1-
G050 SHEEER  —eemerereege—— RRRELTDTEQAETDQEMEDEKSABOTEIANMLKEKEKBME-——--fi1-

GCN4 YERST =~=cmmoes RKLORMKQ LSKNYHEENEVARBKKLV-———————————

LEU: 317

LEU: 289 LEU: 303 LEU: 310

LEU: 296
ARG: 279

| CONSENSUS MOTIF | | LEUCINE ZIPPER DOMAIN
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c-FOS c-JUN
SECONDARY STRUCTURE - SAME FAMILY STRUCTURES (STAMP)

gt

S
“
e
A

Sequence alighment

CLUSTAL W(1.60) multiple sequence alignment

1ciéA 0 memmm—————— KKRAEQEA EKKNEALKERADSEAKEIQYLKDL--ieev
lfosE —-=-=-=KRRIRRER RRRELTDT EDEKSALQTEIANLLKEKEKLE----fila
lfosF = —————e-- RKLERIAR KAQNSEEBASTANMEREQVAQLKQKVM==——

5zkoA -=-=-=-KREVRLMK KKKEYVKC ENONKTEIEELKABKDLY = ======— C===-

Structural alighment

cib EQNKTAATRYRQKKRAEQEALTGECKELEKKNEALKERADSLAKEIQYLKDLIEEV-====—==—

lfosF RKRMRNRIAASKSRKRKLERIARLEEKVKTLKAQNSELASTANMLREQVAQLKQKVM==—==—==—
lfosE —===-KRRIRRERNKMAAAKSRNRRRELTDTLQAETDQLEDEKSALQTEIANLLKEKEKLEFILA
5zko ——-—--KREVRLMKNREAARECRRKKKEYVKCLENRVAVLENQNKTLIEELKALKDLYC======~

' 7 1fosE — c-FOS
-« 5zko — CREB1

Score 8.50 RMSD 1.90
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c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

Glul73

Coiled-coil interactions

Hydrogen bonds Glages
Glul75 - Asn300 2.174 A
Lys176 - GIn299 2.126 A
Salt bridges
Glu168 - Lys297 2.503 A
Glu173 - Lys292 2.026 A




c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

Lys176 Glul73

Glul75

Glul68

\2.126A

GIn299

Asn300

Lys297

Hydrogen bonds Salt bridges



c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

Thr169 Leul72

Leu296 Asn300

Val293

Coiled-coil interactionsyﬁ}

Hydrophobic interactions

Thr169 -Val293

Leul72 - Leu296

Lys176 - Asn300




c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

Cytosine

A

Thymidine

Guanine

c-Fos (complex I) coiled-coil interactions

Hydrogen bonds

Arg155 - Gua (A) 2.881 A
Asn147 - Cyt (A) 2.047 A
Asn147 - Thy (B) 2.356 A




c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

'
« Thymidine 29

>~ )g
Serl54
+

Ala150

Thymidine 11

Alal51

WV,
SV AAAAN

$oo VI

IR

c-Fos (complex I) DNA interactions

Van der Waals contact
Ala150 - Thy29 (B)
Ser154 - Thy29 (B)

Ala151 - Thy11 (A)
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c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS
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Thymidine 29

Thymidine 11 {.
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Ser1l54

Ala151 x

Alal50



c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

Cytosine 12
7 4

2.849A Thymidine 29

3.108A 7

j z Asn271

N 1.943A
¥

Guanine 10

Arg279

&
‘\‘\’\’\’\’\’{"‘

NNV

SN
P
Em\'\

c-Jun (complex Il) DNA interactions

Hydrogen bonds

Asn271 - Thy29 (D) 2.849 A
Asn271 - Cyt12 (C) 3.108 A
Arg279 - Gualo0 (C) 1.943 A

=



c-FOS c-JUN
IMPORTANT RESIDUES AND INTERACTIONS

Thy29

0

Ser278
Thyll

YV
AN
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c-Jun (complex Il) DNA interactions

Van der Waals contact
Ala275 - Thy29 (D)
Ser278 - Thy29 (D)

Ala274 - Thy11 (C)
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c-FOS c-JUN

IMPORTANT RESIDUES AND INTERACTIONS g
IR
Thymidine 29
Thymidine 29

Thymidine 11
Ser278

X

Ala275 Ala274

Thymidine 11

S

Ala275







EGR1/Zif268
BIOLOGICAL FUNCTION

( Growth factors
1. Response to <E DNA damage
Ischemia and hypoxia
\__ yP J

2. The expression proteins involved in inflammatory processes
EGR1 .
Regulates 3. Biosynthesis of luteinizing hormone (LHB) in the pituitary

4. The amplitude of the expression rhythms of clock genes

v

5. Expression of p53/TP53 and TGFB1 — prevent tumor formation

y

\




EGR1/Zif268
CLASSIFICATION

Scop

Small proteins

beta-beta-alpha zinc fingers

beta-beta-alpha zinc fingers

C2H2 finger




EGR1/Zif268
CYS2-HIS2 LIKE FOLD

Three tandem Zinc fingers. /\
BBRa fold: ZN FINGER
|
- antiparallel beta sheet |

- alpha helix

< f
Each zinc finger interacts with a zinc ! =3
ion. ¢ . = z :

\ \\
Fits into the major groove of B-DNA. x
‘ ZF1



EGR1/Zif268
GENERAL STRUCTURE

N SAD R DBD C

- ~
_ - - ~ ~
- ~
- ~
- - . . ~ ~
- Linker motif ~<
- ~
- ~
- ~
- - ~ ~
Wp18146 . 340 350 360 37 380 390 400 410 420 ~
— — - — — - -\ — - — — —r
Molec. Processing
Motif PPHERPYACPVESCDRRFSRSDELTRHI RI HTGQKPFQCRI CMRNFSRSDHLTTHI RTHITGE FACDI CGRKFARSDERKRHTKI HLRQKDKKAD
BUP sites - Cat2-type ] ) (C2H2-type2 Co2iapea -
Bvariation b : i s s I ;
Pfam —_— —_— emem——— —
[ 2f-C2H2 - Zinc finger, C2H2type f-C2H2 - Zinc finger, C2H2type . zf-C2H2 - Zinc finger, C2H2 type
Phosphosite | ’ |

SAD = strong activation domain; R = repressor domain; NLS = nuclear localization site; DBD = DNA binding domain; WAD = weak activation domain



EGR1/Zif268
SECONDARY STRUCTURE - SAME FAMILY STRUCTURES

Sequence alignment

B R e e e e e e e e e e e e e e pyacelcakqgfgspstlkmhmr
Gli etdcrwdgcsgefdsgeglvhhinsehihgerkefvchwggcsrelrpfkagymlvvhmr
TTEL mvommmmmtom i onioms s s s o s v i o s 5, 5 e S e, o 5 5 5 0 o o 4
BRRRAE], oo om0 e 55 5 Sl
ZINC FINGER 1 ZINC FINGER 2
ZBTB38 chtgekpYQCK--TCGRCFSVQGNLQKHERTIHlglkefvcgycnkaftlnetlkiherih
Gli rhtgekpHKCTFeGCRKSYSRLENLKTHLRSHtgekpymcehegcskafsnasdrakhgn
WT1 ----ekpYQCDFkDCERRFSRSDQLKRHORRHtgvkpfgcktcgrkfsrsdhlkthtrth
Egrl ----erpYACPVeSCDRRFSRSDELTRHIRIHtggkpfgcricmrnfsrsdhltthirth

- ZINC FINGER 3
ZBTB38 tgekryhcqgfcfgrflylstkrnheqrhireh---
Gli rthsnekpyvcklpgctkrytdpsslrkhvktvhg
WT1 tgekpfscrwpscgkkfarsdelvrhhnmhqr---
Egrl tgekpfacdicgrkfarsderkrhtkihlr-----




EGR1/Zif268
SECONDARY STRUCTURE - SAME FAMILY STRUCTURES

Structural alighment

e 2gli — Zinc Finger GLI2 (Gli)
e 6e93 — ZBTB38
® 4r2e — Wilms Tumor Protein (WT1)

Sc 5.87
RMSD 1.83




EGR1/Zif268

EVOLUTION AMONG DIFFERENT SPECIES - SECONDARY STRUCTURE

Egrl Human
Egrl Bovine
Egrl Mouse
Egrl Chicken
Egrl Xenopus
Egrl Zebrafish
Egrl Catfish

Beta-strands
a: 338-339
b: 348-349
c: 368-369
d:376-377
e: 396-397
f: 404-405

Alpha-helixes
a: 352-363
b: 380-391
c: 408-418

ZINCFINGER 1

ERPYACPVESCDRRESRSDELTRHIRIHTGQ

ERPYACPVESCDRRESRSDELTRHIRIHTGQ
ERPYACPVESCDRRFSRSDELTRHIRIHTGQ
ERPYACPVESCDRRFSRSDELTRHIRIHTGQ
ERPYGCPVESCDRRESRSDELTRHIRIHTGQ
ERPYACPVETCDRRFSRSDELTRHIRIHTGQ
ERPYACPVETCERREFSRSDELTRHIRIHTGQ

khkkk hhkkkokokkhhhkhhhhhkhhhhhhhhk

ZN FINGER 1

ZINCFINGER 2

KPFQCRICMRNESRSDHLTTHIRTHTGE

KP-QCRISMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE

ok kkkk khkkkkkhhkkhkhkhkkhkhkhkhkhhok

ZINC FINGER 3

KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACEICGRKFARSDERKRHTKIHMR
KPFACDICGRKFARSDERKRHT———-—

khkkhkkokhkkhhkhkhkhkhkhhhhhhk

—ddd —Jdd RN

ZN FINGER 2

ZN FINGER 3




EGR1/Zif268
EVOLUTION AMONG DIFFERENT SPECIES - IMPORTANT RESIDUES

ZINCFINGER 1 ZINCFINGER 2 ZINCFINGER 3

3 1367 | 1395 |
g ACPVESCDRRFSRSDELTRHIRIHTG& QCRICMRNFSRSDHLTTHIRTHTGE ‘ACDICGRKFARSDERKRHTKIHLR
Egrl Bovine E ACPVESCDRRESRSDELTRHIRIHTGQ QCRISMRNESRSDHLTTHIRTHTGE ACDICGRKFARSDERKRHTKIHLR
Egrl:Mouse E ACPVESCDRRESRSDELTRHIRTIHTGQ QCRICMRNFSRSDHLTTHIRTHTGE 'ACDICGRKFARSDERKRHTKIHLR
Egrl Chicken E ACPVESCDRRESRSDELTRHIRIHTGQ QCRICMRNESRSDHLTTHIRTHTGE ACDICGRKFARSDERKRHTKIHLR

E

E

E

*

Egrl Human

Egrl Xenopus GCPVESCDRRFSRSDELTRHIRIHTGQ QCRICMRNESRSDHLTTHIRTHTGE ACDICGRKFARSDERKRHTKIHLR
Egrl Zebrafish ACPVETCDRRESRSDELTRHIRIHTGQ QCRICMRNESRSDHLTTHIRTHTGE ACEICGRKFARSDERKRHTKIHMR
Egrl Catfish ACPVETCERRESRSDELTRHIRIHTGQ QCRICMRNESRSDHLTTHIRTHTGE ACDICGRKFARSDERKRHT———-—

hhk khkkkokokhkhhhhhhhhhhkhhkhhhhdh dk dhdkdk dhhkkhhkhdhhhhhhkhhhdhhkh dhkhhkohhhkdhhhhhhhhhhhhk

Pro337 P s
( S Pro367/395

Zinc Finger 1 ) Zinc Finger 2



EGR1/Zif268

EVOLUTION AMONG DIFFERENT SPECIES - IMPORTANT RESIDUES

Egrl Human
Egrl Bovine
Egrl Mouse
Egrl Chicken
Egrl Xenopus
Egrl Zebrafish
Egrl Catfish

ZINCFINGER 1

! | [

ERPYACPVESCDRRFSRSDELTRHIRIHTGQ
ERPYACPVESCDRRESRSDELTRHIRIHTGQ
ERPYACPVESCDRRESRSDELTRHIRIHTGQ
ERPYACPVESCDRRESRSDELTRHIRIHTGQ
ERPYGCPVESCDRRESRSDELTRHIRIHTGQ
ERPYACPVETCDRRFSRSDELTRHIRIHTGQ
ERPYACPVETCERRESRSDELTRHIRIHTGQ

Fhhkk Kkhhkkokokhhkhhdhhrdhrhkdhhhhhd

Cys (C) His (H)
7F1 Cys340 H!s358
Cys345 His362
7E2 Cys370 H!s386
Cys373 His390
7E3 Cys398 H!s414
Cys401 His418

ZINC FINGER 2

ZINCFINGER 3

KPFQCRICMRNESRSDHLTTHIRTHTGE
KP-QCRISMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE

*hk Ahkhkk KhkkkhkAkhkh kA hk kA hkdhhhhk

KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACEICGRKFARSDERKRHTKIHMR
KPFACDICGRKFARSDERKRHT-————

dhkhkhkkoehhkhhhkrdhiAhhhhdhkh




EGR1/Zif268
A AN
EVOLUTION AMONG DIFFERENT SPECIES - IMPORTANT RESIDUES <\ \ \7
AN 4
-

lonic-bonding

Cys398 - Zn2+
Cys401 - Zn2+
His414 - Zn2+

His418 - Zn2+

2.283 A
2.310A
2.041 A

2.015 A

e
Cysteine 401 \
Cysteine 398

\@cidine 414

Histidine 418

Zinc Finger 1



EGR1/Zif268

EVOLUTION AMONG DIFFERENT SPECIES - IMPORTANT RESIDUES

Egrl Human
Egrl Bovine
Egrl Mouse
Egrl Chicken
Egrl Xenopus
Egrl Zebrafish
Egrl:Catfish

Zinc Finger 1

ZINC FINGER 1 ZINC FINGER 2 ZINC FINGER 3
E{HYRcPVEscDRAFERSDHIFRETRIATGO OCRICMRNFERSDHII THIRTHTGE KPFACDICGRHFARSDERKRHTKI
EHHYRCPVESCDRREFRSDHLITRHIRTHTGQ QCRISMRMESRSDHLI THIRTHTGE ACDICGRHERRSDERKRHTKI
EHHYACPVESCDRREFRSDHLITRHIRIHT GO QCRICMRNESRSDHLI THIRTHTGE ACDICGRHEBRSDERKRHTKI
EHHYACPVESCDRREFRSDHL'RHIRIHTGQ QCRICMRNEBRSDHLI THIRTHTGE ACDICGRHFARSDERKRHTKI
EHHY[ECPVESCDRREFRSDHLTRHIRIHTGQ QCRICMRNFBRSDHLI THIRTHTGE ACDICGRHFARSDERKRHTKI
EHHYACPVETCDRREFRSDHL'RHIRIHTGQ QCRICMRNESRSDHLI THIRTHTGE ACEICGRHFRRSDERKRHTKI
EHHYACPVETCERRFFRSDHLITRHIRIHTGQ QCRICMRNESRSDHLI THIRTHTGE ACDICGRHERRSDERKRHT——
**;;_****:*:******************* * Kx ****_******************** *****:****************

Hydrophilic Hydrophobic

Zinc Finger 3



EGR1/Zif268

EVOLUTION AMONG DIFFERENT SPECIES - IMPORTANT RESIDUES
v

\Cys345 His362

Hydrophobic core ZF1

\

Leu355

Pro337

Zinc Finger 1




EGR1/Zif268
EVOLUTION AMONG DIFFERENT SPECIES - DNA BINDING INTERACTIONS

Zinc finger 1 Zinc finger 2 ' ‘
1 3 6 1 3 6
ERPYACPVESCDRRFSR,SDELTRHIRIHTGQ KPFQCRICMRNFSI‘{SDHLTT:HIRTHTGE
. 3-G [C"| G-¥% -G G| T-¥%
ZRE Consensus site
WSt s cnl gl c-3 . 5-C| C|A-3
Zinc finger 3
1 3 6
KPFACDICGRKFARSDEIRKRHTKIHLR
3-G| C|G-%
5-C| G|C-3




EGR1/Zif268

EVOLUTION AMONG DIFFERENT SPECIES - DNA BINDING RESIDUES

ZINC FINGER 1
351354 357
Egrl Human ERPYACPVESCDRREFSRSDELTRHIRIHTGQ
Egrl Bovine ERPYACPVESCDRREFSRSDELTRHIRIHTGQ
Egrl Mouse ERPYACPVESCDRRESRSDELTRHIRTIHTGQ
Egrl Chicken ERPYACPVESCDRRESRSDELTRHIRTHTGQ
Egrl Xenopus ERPYGCPVESCDRRESRSDELTRHIRIHTGQ
Egrl Zebrafish ERPYACPVETCDRRFSRSDELTRHIRIHTGQ
EgrlZCatfish ERPYACPVETCERRESRSDELTRHIRTIHTGQ

dhhkk Khhkkokokkdhkhdhhkhhrhhhkhhhik

Residue Arginine (R)
Residue Glutamic Acid (E)
Residue Threonine (T)

Residue Histidine (H)

ZRE Consensus site:
5’-GCG TGG GCG-3’

ZINCFINGER 2

379 382 385
KPFQCRICMRNESRSDHLTTHIRTHTGE

KP-QCRISMRNEFSRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE
KPFQCRICMRNEFSRSDHLTTHIRTHTGE
KPFQCRICMRNESRSDHLTTHIRTHTGE

*k Khkkk FhkrkkhkhkAhkhkAkhkhkhkhhhkhkhkk

ZINCFINGER 3

407 410413
KPFACDICGRKFARSDERKRHTKIHLR

KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKEARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACDICGRKFARSDERKRHTKIHLR
KPFACEICGRKFARSDERKRHTKIHMR
KPFACDICGRKEARSDERKRHT————-—

dhkhkoehhkhkAhkhdhd b bk hkhhd

Major groove




EGR1/Zif268
IMPORTANT RESIDUES AND INTERACTIONS

351
.. .RREFSRSDELTRH. ..

Lt

3-G
5 -Cm

Hydrogen bond - Salt bridge

o

Asp353 (O) - Arg351 (H) | 1.826 A

Asp353 (0) - Arg351 (H) | 1.972 A Arg351

Guanine

Hydrogen bond

w

o

Arg351 (H) - DG10 (0) 1.895 A

Arg351 (H) - DG10 (N) 1.907 A




EGR1/Zif268
IMPORTANT RESIDUES AND INTERACTIONS

354
. . .RRFSRSDELTRH. ..

Cm
G

Van der Waals contact




EGR1/Zif268
IMPORTANT RESIDUES AND INTERACTIONS

354
. . .RRFSRSDELTRH. . .

| p
é ( Glu354 /

Cytosine

Van der Waals contacts

Arg351 - 5CM9 3.68 A

Glu354 - 5CM9 3.29 A

Methyl-Arg-Gua tirad Arg351




EGR1/Zif268
IMPORTANT RESIDUES AND INTERACTIONS
CLUSTAL W(1.60) multiple sequence alignment

laay

4r2dA
4r2aA
4r2cA

—RPYACPVESCDRRFSRSDEL TRHIRIHTGQKPFQCRICMRNFSRSDHLTTHIRTHTGEKPFACDICGRKFARSDERKRHTKIHLR~
ERPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQCRICMRNFSRSDHLTTHIRTHTGEKPFACDICGRKFARSDERKRHTKIHLRQ
ERPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQCRICMRNF SRSDHLTTHIRTHTGEKPFACDICGRKFARSDERKRHTKIHLR-
ERPYACPVESCDRRFSRSDE} TRHIRIHTGQKPFQCRICMRNF SRSDHLTTHIRTHTGEKPFACDICGRKFARSDERKRHTKIHLR-

4r2d — EGR1 with formylated DNA

® 4r2c — EGR1 with hydroxymethylated DNA
e laay — EGR1 with unmethylated DNA



Cytosine
(5hmC)

Cytosine
(5fC)

Hashimoto H, Olanrewaju OY, Zheng Y, Wilson GG, Zhang X, Cheng X. Wilms tumor protein recognizes
5-carboxylcytosine within a specific DNA sequence.Genes Dev. 2014; 28(20): 2304-2313.




EGR1/Zif268
IMPORTANT RESIDUES AND INTERACTIONS

Van der Waals contacts

Glu354 - 5CM9 3.29 A

Glu354 - C9 4.82 A
Glu354 - C9 4.05 A

laay — EGR1 with unmethylated DNA

Cytosine



EGR1/Zif268

IMPORTANT RESIDUES AND INTERACTIONS

357

. . .RRFSRSDELTRH. . .

Hydrogen bonds

Arg357 (H) - DG8 (O)

2.02 A

Arg357 (H) - DG8 (N)

1.89 A

.

Guanine




EGR1/Zif268
IMPORTANT RESIDUES AND INTERACTIONS

382
.. .NFSRSDHLTTH. ..

Hydrogen bonds

His382 (H) - DG6 (O) 1.8 A

Zinc finger 2



EGR1/Zif268
IMPORTANT RESIDUES AND INTERACTIONS

382
.. .NFSRSDHLTTH. . .

q

Thymidine

T
C| A

) & His382

Zinc finger 2



EGR1/Zif268 Y
IMPORTANT RESIDUES AND INTERACTIONS

410
. . .RKFARSDERKRH. . .

Glu410

Cytosine

C-H...O type Hydrogen bond

Glu410 (0) - DC3 (C) 3.20A

Glu410
Van der Waals contacts

Zinc finger 3 pr Glu410 (C) - DC3 (C) 3.87A




EGR1/Zif268

IMPORTANT RESIDUES AND INTERACTIONS

410
. . . RKFARSDERKRH. . .

Zinc finger 3

Cytosine .. .
> T - Stacking interaction

A






CONCLUSIONS

Transcription factors are important in the regulation of gene expression in order to control the cell viability

c-Fos/c-Jun Egrl

/Within the same family, both sequence and structure /Within the same family, the DNA binding residues
have been conserved. are not conserved whereas those involved in the
stabilization of the fold are.
/Comparing with other species, there is conservation
in the two main domains. The only residue involved \ﬂ)uring evolution, important residues have been
in a motif that has mutated is a Cys to a Ser. conserved.

/In the bZIP family, leucines allow the dimerization \An the C2H2 family, the hydrophobic core holds
and consensus motif binds to an specific region of the together the antiparallel beta-sheets and
DNA (AP-1 site). alpha-helixes.

%Depending on the state of the DNA, a glutamic acid
changes its conformation.



PEM QUESTIONS

c-Jun/c-Fos TFs...

Are a heterodimer formed by two alpha-helixes
Bind to AP-1 site of the DNA

Both are correct

Form ‘knobs into holes’ packing

All of them are correct

Which of these domains are conserved within evolution?
Basic DNA binding domain

Leucine zipper domain

Both are correct

Catalytic domain

All of them

AP-1TFs

Are involved in cell proliferation, survival, apoptosis,
transformation and oncogenesis

Are from Jun, Fos and ATF family

Almost all of them need to form dimers to bind to the DNA

Can bind to TRE and CRE sites
All of them are correct

4. The hydrophobic core in c-Jun/c-Fos interaction...

a)
b)

c)
d)
e)

Is found in the external surface of the heterodimer
Is formed by the hydrophobic interactions
between amino acids in positions a and d

Is formed by hydrogen bonds between leucines

Is formed by salt bridges between leucines

All of them are wrong

5. The main type/s of interactions that have been found
between c-Jun/c-Fos and the DNA are:

a)
b)
c)
d)
e)

Hydrogen bonds
Van der Waals
both of above
Salt bridges

All of them



PEM QUESTIONS

6. Which is the secondary structure of a zinc finger?

a)
b)
c)
d)
e)

An alpha helix

An antiparallel beta sheet

Both of above are correct

Two alpha helixes and one antiparallel beta sheet
All of them are correct

7. Which residue/s are implicated in the zinc ion recognition?

a)
b)
c)
d)
e)

1 cysteine and 2 histidines
2 histidines and 2 cysteines
Phenylalanine

Cysteine and arginine

None of them is correct

8. The binding domain recognize the...

a)
b)
c)
d)
e)

Major groove of the DNA

Minor groove of the DNA

Both of above are correct

An specific region of minor groove of the DNA
All of them are correct

9. Which of the following statements are correct for Egrl:

a)
b)
c)
d)
e)

Belongs to the C2H2 zinc fingers family
Has 3 zinc fingers

Fits into the major groove

Each zinc finger interacts with a zinc ion
All of them are correct

10. Which of them are superclasses of transcription factors:

a)
b)
c)
d)
e)

Basic domains

Helix turn Helix

Zinc coordinating DNA binding

Beta-scaffold factors with minor groove contacts
All of them are correct
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ANNEX

EGR1

EVOLUTION AMONG DIFFERENT SPECIES - SEQUENCE ALIGNMENT (HMM)

CLUSTAL W(1.60) multiple sequence alignment

Egri_Mouse
Egri_Human
Egr1_zebrafish
Egri_chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

--maaakaemqlmsplqisdpfgsfphsptmdnypkleemmllsngapqflgaagtpegs
maaakaemqlmsplqisdpfgsfphsptmdnypkleemmllsngapqflgaagapegsgs
--maaaktemllpalqisdplsfphsptdnypkle
- --maaakaemqllpslqisdpfgvfphsppamdg
-maaakaemqlmsplqisdpfgsfphsptmdnypkleemmlsngapqflgaagapegssg
-------------------------------- mavaktemlvsplqisdpfssfphsptm

ggnsssstssgggggggsnsgssafnpqgepseqpyehlttesfsdialnnekamvetsy
nssssssgggggggggsnsssssstfnpqadtgeqpyehltaesfpdislnnekvlvets
emimlnsagtpflnatapegavfgsgepgeqfdhlagdtlseismekplsdqtystqrip
hypkleemmllsgggqqflapsgapesagfgaagepseghfehlaadtfpeislnnektm

afnpq qpyehltaesfpdislnnekvlvet
dnypkleemmllnaggpqflgasvpdgsgfnstvegaeqfdhltadafsemsissekalv

psqttrippitytgrfslepapnsgntlwpeplfslvsglvsmtnpptssssapspaass
ypsqttrippitytgrfslepapnsgntlwpeplfslvsglvsmtnppassssapspaas
pisytgrftlepatncsnslwaeplfslvsglvginpppasipsstsqathpsssstssi
petsypnqttrippitytgrfslepapngsntlwpeplfslvsglvsmanapptstpsss
sypsqttrippitytgrfslepapnsgntlwpeplfslvsglvsmtnppatsssasspaa
essyanqttripsltytgrfslepatnssntlwpeplfslvsglvgmanispssapsssp
-------------- lwaeplfnlvsglvgvnhsatsitssstaqvtpssspastssssss

sssasqspplscavpsndsspiysaaptfptpntdifpepgsqafpgsagtalqypppay
sasasqspplscavpsndsspiysaaptfptpntdifpepgsqafpgsagtalqypppay
psssssstssaslscsvhgsepnpiysaaptyssaspdifpesgpnfsttvgtslqysss
spsssqstplscsvqasenspiysaaptfptsssdifpepqtqpfpnpsgvpiqypppay
sssasqspplscavgsndsspiysaaptfptpntdifpepqgqafpgsagpalqypppay
sssssssssqspplscsvgsndsspiysaaptfpnssseifpdhspgpfgnasipypppa
ssssstsssstsspslscsvhqsepnpiysaaptyssaspdifpeptanfpsvvgsnlpy

patkggfqupmipdylfpqqqgdlslgtpdgkpfqglenrtqqpsltplstikafatqsg
paakggfqvpmipdylfpqqqgdlglgtpdqkpfqglesrtqgpsltplstikafatqsg
typsaktcnpsfsvpmipdylftqqgseislvppdqkpiqtqagqqgpaltplhtikafat
ptaktnfqvpmipdylfpqqgselnlisadqkpfsaletraqqpsltplstikafatqtg
pgakggfqvpmipdylfpqqqgdlglgtpdgkpfqglesrtqqpsltplstikafatqsg
ypvskttfqupmipdylfpqqqgdvslvsadgkpfqamesrtqqpsltplstikayatht
pppaypsskacgasfpvpmipdylfpqqqseislapaeqkpfqtqgpsltplstikafat

sqdlkalnttygsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
sqdlkalntsygsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
qtgsqdlksvygsqlikpsrmrkypnrpsktppherpYACPVeTCDRRFSRSDELTRHIR
sqelktlntnygsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
sqdlkalnstygsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
sqdlktinstygsqiikpsrmrkypnrpsktppherpYGCPVeSCDRRFSRSDELTRHIR
qtgsqelksvyqgqlikpsrvrkypnrpsktppherpYACPVeTCERRFSRSDELTRHIR

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_Chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_Chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_Chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_Chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_Chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

Egri_Mouse
Egri_Human
Egri_zebrafish
Egri_Chicken
Egri_Bovine
Egri_Xenopus
Egri_catfish

patkggfqvpmipdylfpqqqgdlslgtpdqkpfgglenrtqgpsltplstikafatqsg
paakggfqvpmipdylfpqqqgdlglgtpdgkpfqglesrtqqpsltplstikafatqsg
typsaktcnpsfsvpmipdylftqqqseislvppdqkpiqtqagqqpaltplhtikafat
ptaktnfqvpmipdylfpqqqselnlisadqkpfsaletraqgpsltplstikafatqtg
pgakggfqvpmipdylfpqqqgdlglgtpdgkpfqglesrtqqpsltplstikafatqgsg
ypvskttfqupmipdylfpqqqgdvslvsadgkpfqamesrtqqpsltplstikayatht
pppaypsskacgasfpvpmipdylfpqqqseislapaeqkpfqtqqpsltplstikafat

sqdlkalnttyqsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
sqdlkalntsyqsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
qtgsqdlksvygsqlikpsrmrkypnrpsktppherpYACPVeTCDRRFSRSDELTRHIR
sqelktlntnyqsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
sqdlkalnstyqsqlikpsrmrkypnrpsktppherpYACPVeSCDRRFSRSDELTRHIR
sqdlktinstyqsqiikpsrmrkypnrpsktppherpYGCPVeSCDRRFSRSDELTRHIR
qtgsqelksvyqgqlikpsrvrkypnrpsktppherpYACPVeTCERRFSRSDELTRHIR

IHtgqkpfqcricmrnfsrsdhltthirthtgekpfacdicgrkfarsderkrhtkihlr
IHtgqkpfqcricmrnfsrsdhltthirthtgekpfacdicgrkfarsderkrhtkihlr
IHtgqkpfqcricmrnfsrsdhltthirthtgekpfaceicgrkfarsderkrhtkihmr
IHtgqkpfqcricmrnfsrsdhltthirthtgekpfacdicgrkfarsderkrhtkihlr
IHtgqkpqcrismrnfsrsdhltthirthtgekpfacdicgrkfarsderkrhtkihlrq
IHtgqkpfqcricmrnfsrsdhltthirthtgekpfacdicgrkfarsderkrhtkihlr
IHtgqkpfqcricmrnfsrsdhltthirthtgekpfacdicgrkfarsderkrht-----

gkdkkadksvvaspaasslssypspvatsypspattsfpspvptsysspgsstypspahs
gkdkkadksvvassatsslssypspvatsypspvttsypspattsypspvptsfsspgss
qkdkkaekgataavgssvsnisisasspvssypspitsypspvssfpspvnscysspvht
gkdkkvekaasvsatsssvaaysssvatsysssiattypssvrtvysspasssypspaht
kdkkadksaasaatsslpsypspvatsypspattsypspattsypspvptsysspgssty
qkdkkadkatpvsvaspvssyspsastsypspvptsysspvsssypspvhssfpspttav

gfpspsvattfasvppafptqussfpsagvsssfststglsdmtatfsprtieic-----
typspvhsgfpspsvattyssvppafpaqvssfpssavtnsfsastglsdmtatfsprti
sypspsiattypsatstfqtqvatsfptsvasniysspvttplpdmgsalsprtadic--
tfpspsiattyssgtatfqtqvatsfpspgvtnnfssqvtsalsdmtstfsprtieic--
pspvhngfpspsvattyssvppafptqvssfpssavtnsfsastglsdmtttfsprtiei
typsvtstfqthgitsfpssimtnafsspmssalsdmsltysprtieic-----------




