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Introduction

Transcription

Gene

Transcription factors are proteins that bind to DNA-regulatory sequences, localized in the 5-upstream region of target

genes in order to promote, or block the recruitment of RNA polymerase.

This may result in increased or decreased gene transcription, protein synthesis, and subsequent altered cellular
function.




Proteins

BASIC HELIX-LOOP-HELIX ZINC-COORDINATING DNA
DOMAIN (b-HLH) BINDING DOMAIN

MyoD Zif268




1.

Helix-loop-helix



Helix-loop-helix

The bHLH is a protein structural motif that characterizes one of the largest families of

dimerizing transcription factors. They are able to form homodimers or heterodimers.

o

SCL:E47 MyoD:Vyol Myc:Max Mad:Max SREBP:SREBP

Figure 1. Murre C. Helix-loop-helix proteins and the advent of cellular diversity: 30 years of discovery. Genes Dev.
2019 Jan 1;33(1-2):6-25.

The bHLH domains fold into a parallel, left-handed, four-helix bundle with a
well-defined hydrophobic core, that lies just above the DNA.
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Biological function

Myoblast determination protein 1 (MyoD) is part of the myogenic regulatory factor (MRF) family of TFs that
control the determination and differentiation of skeletal muscle cells

Master regulatory factor — enables myoblast proliferation during development

FUNCTION

Reactivation during muscle regeneration (exercise or tissue damage)

E9.756 E10.5 E11.5 E12:5

A B C . D
B Epaxial (primaxial); Somite-derived MCT
Hypaxial (primaxial); Somite-derived MCT
D Hypaxial (abaxial); Lateral plate-derived MCT

Figure 2. Whole-mount in situ hybridization for MyoD mRNA in wild-type in mice Figure 3. Development of axial muscles in tetrapods. Sefton EM, Kardon G.
Connecting muscle development, birth defects, and evolution: An essential role for muscle

embryos. Chen JC, Ramachandran R, Goldhamer DJ. Essential and redundant functions of the MyoD
distal regulatory region revealed by targeted mutagenesis. Dev Biol. 2002 May 1;245(1):213-23. connective tissue. Curr Top Dev Biol. 2019;132:137-176.
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SCOP classification

Fold HLH-like  4-helices; bundle, closed, left-handed twist; 2 crossover connections
Family HLH, helix-loop-helix DNA-binding domain

Species Mouse (Mus musculus)




General structure

Sequence and regions
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General structure

3D structure

MyoD
Basic region
Helix 1
Helix 2
Loop
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Seguence and structure analysis



MSA: Evolution among different species

Methodology and multiple sequence alignment results

____________________________________________________

—————————————————————————

' | ' PSI-BLAST and selection of ! . MSA alignment i
i_?I_E_C?EJ_E_I?I_CEI? é'ﬁég?{%__ﬁ homologous proteins i_" using CIistaIW i
BASIC HELIX1 LOOP HELIX 2

f 1 Y ) 1
Chick DRRKAATMRERRRLSKVNEAFETLKRCTSTNPNQRLPKVEILRNAIRYIESL
J.quaill DRRKAATMRERRRLSKVNEAFETLKRCTSTNPNQRLPKVEILRNAIRYIESL
Zebra fish DRRKAATMRERRRLSKVNDAFETLKRCTSTNPNQRLPKVEILRNAISYIESL
Human DRRKAATMRERRRLSKVNEAFETLKRCTSSNPNQRLPKVEILRNAIRYIEGL
Mouse DRRKAATMRERRRLSKVNEAFETLKRCTSSNPNQRLPKVEILRNAIRYIEGL
Pig DRRKAATMRERRRLSKVNEAFETLKRCTSSNPNQRLPKVEILRNAIRYIEGL
Bovin DRRKAATMRERRRLSKVNEAFETLKRCTSSNPNQRLPKVEILRNAIRYIEGL
Sheep DRRKAATMRERRRLSKVNEAFETLKRCTSSNPNQRLPKVEILRNAIRYIEGL
Rat DRRKAATMRERRRLSKVNEAFETLKRCTSSNPNQRLPKVEILRNAIRYIEGL
C.elegans DRRKAATMRERRRLRKVNEAFEVVKQRTCPNPNQRLPKVEILRSAIDYINNL

FhrEIxFdddddddhdd Frxdsddd % F  FhEFAFFFFAAIRX KR k. K



Structural alignment: bHLH family

_________________________________

Methodology | Rough STAMP with monomers | Superimposition of monomers |
[oeeeettettoeotn 1 PSI-BLAST and / '''''''''''''''''''''''''
| STRUCTURALANALYSIS +—  selectionof =~ W r---------==================== I SRRRLRRRR
I E——— ! i homologous proteins E‘\A: ROUgh STAMP with dimers 1 —n SuperimPOSition of dimers i

________________________________

MyoD Mad

MyoD 62 Max 76
2.30A SREBP1 82 2.87A SCL 91

SREBP1 82 E47 82
1.80A Myc 88 2.50A NeuroD1 60

Max 83 E47 60




Same family structures

Structural alignment (monomers)

BASIC HELIX1 LOOP
srebp1 E—— QSRGEKRTAHNATEKRYRSS INDKTTELKDLV= - - - -VGTE- - A-KLNKSAV
w0202 sommesssio DKRAHHNAL ERKRRDHIKDSFHSLRDSVP - -S-LQ-G- - E-KASRAQL
Bl 20209090 eeaed SRSTHNEMEKNRRAHLRL SLEKLKGLVP- -L-GP-D- - SSRHTTLSL
Ve 0 memewesd GH-MNVKRRTHNVL ERQRRNELKRSFFALRDQIP- - E - LE - N- -NEKAPKVVI
mm) nyod MELKRK-TT-NADRRKAATMRERRRL SKVNEAFETLKRSTS- -S-NP-N- -Q-RLPKVEL
e - = GPHT -KVVRRIFTNSRERWRQQNVNGAFAELRKLIP- - THPP-D- -K-KLSKNEL
B $Z23Z0909090 oo RRMANNARERVRVRDINEAFRELGRMCQLHL -KA- - - - - - - QTKLLI
BEURHE 2 romieosseses SRRMKANARERNRMHGLNAALDNLRKVV - - -P-CY - SKTQ-KLSKIET
srebp1 LRKAIDYIRFLQHSNQKLKQENLSLRTAVHKSKSL-K-~ - - - - -
max LDKATEYIQYMRRKNHTHQQDIDDLKRQNALLEQQVRALG-GC
mad L TKAKLHIKKLEDSDRKAVHQIDQLQREQRHLKRQLEK - - - - -
myc LKKATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC -
mm) myod LRNAIRYIEGLQALL-R-D-------=--scccmemmmaann
scl BRUBMKIENFBAKLLNDQE - - - === =-==-=s==cencannaas
e47 LQQAVQVILGLEQQVRE - = === === === ===s==n=m=mmn=
neurodi BRUBKNIIMARSETLRS - - - - |
HELIX 2

14
GGTGGGTGTGTGTEGSTSESLSLSGSGGSESSEGEGSEESESESSESESESESEESEESEEEEEEEEEEEEEEEEEEEEEEEEEEDEEEEEEEEEEEEE L



bHLH family structures

Monomers superimposition

O SREBP1

. Myc

O NeuroD1
Mad
SCL

O MyoD

' Max

@ c47

Sc=6.74 RMS = 047 Len=72nfit=49
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bHLH family structures

Monomers superimposition

Sc=6.74 RMS = 047 Len=72nfit=49

SREBP1
Myc
NeuroD1
Mad

SCL
MyoD
Max

E47
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bHLH family structures

Dimers superimposition

Sc=6.82 RMS = 0.84 Len =173 nfit =103

O SREBP1-SREBP1

‘ Myc

‘ NeuroD1
Mad-Max
SCL-E47

. MyoD-MyoD
Myc-max

@ t£47-NeuroD1

17



Important residues and interactions

Dimer interactions
DNA-protein interactions



Important residues and interactions

Dimer interactions - Hydrophobic core

Hydrophilic Hydrophobic

19



Important residues and interactions

Dimer interactions - Hydrophobic core

Hydrophilic Hydrophobic
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Important residues and interactions

Dimer interactions - Hydrophobic core

LOOP
HELIX 1 l HELIX 2
| |

srebpl1  INDKIIELKDLV KSAV LRKAIDY IRFLOHSNQKLKQENLSLRTAVHKSKSL -K- - - - - - '
max IKDSFHSLRDSV RAQI LDKATEYIQYMRRKNHTHQQDIDDLKRQNALLEQQVRALG-GC
mad LRLSLEKLKGLV TLSL LTKAKLHIKKLEDSDRKAVHQIDQLQREQRHLKRQLEK- - - - -
myc LKRSFFALRDQI KVVILKKATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC-
mm) myod VNEAFETLKRST KVEILRNAIRYIEGLQALL-R-D------v-cccmeccnaccnnnn-
scl VNGAFAELRKLI KNEI LRLAMKYINFLAKLLNDQE-------=---=cc=semaeomn-
e47 INEAFRELGRMC KLLILQQAVQVILGLEQQVRE--------=--csscesemmacmnn-
neurodl LNAALDNLRKVV KIETLRLAKNYIWALSEILRS-------=--=cceseonecmncen-

Val125 Phe129 Leu132 lle149 Alal53 Tyr156 Leu160

Leu150 lle157

21



Important residues and interactions

Dimer interactions - Dimerization specificity

Ser135
Argl55
Gln161




Important residues and interactions:

Dimer interactions - Dimerization specificity

srebp1
max

mad

myc

mm) myod

scl

e47
neurodi

LOOP

HELIX 1 l

HELIX 2

1

INDKIIELKDLV
IKDSFHSLRDSV
LRLSLEKLKGLV
LKRSFFALRDQI

KSAV LRKAIDYIRFLQHSNQKLKQENLSLRTAVHKSKSL-K- - - - - -
RAQI LDKATEYIQYMRRKNHTHQQDIDDLKRQNALLEQQVRALG-GC
TLSL LTKAKLHIKKLEDSDRKAVHQIDQLQREQRHLKRQLEK- - - - -
KVVI LKKATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC-

VNEAFETLKR[ST

KVEI LRNAIRYIEGLOALL-R-D--===--=s=mmmmemmmmenn-

VNGAFAELRKLI

INEAFRELGRMC

LNAALDNLRKVV
Ser135

KNEI LRLAMKYINFLAKLLNDQE---========sccccceccmmn-

KLLI LQQAVQVILGLEQQVRE------=-=---=ccccccccccnnan-"

KIET LRLAKNYIWALSEILRS-----~vvvccccccccccccccee-"
Argl55 GIn161

23



Dna interactions

Specific and non-specific interactions

-Direct contact between the basic region

SPECIFIC INTERACTIONS | of MyoD and the DNA base pairs. Primary basis for

sequence selectivity
-Hydrogen bonds or van der Waals
interactions

-Independent of nucleotide sequence.
‘w NON SPECIFIC - Important for
DNA : INTERACTIONS - Electrostatic interactions between stability
5 TCAACAGCTGTTGA 3 basic residues and the sugar-phosphate
backb
3 AGTTGTCGACAACT 5’ Feeone

(hll )



Important residues and interactions

DNA-protein interactions: SPECIFICITY

O O
HO)J\//\HJ\OH Glu-118
Glu-118 NH,

5 TCAACAGCTGTTGA 3’
3 AGTTGTCGACAACT 5’

25




Important residues and interactions

DNA-protein interactions: SPECIFICITY

—-—

HO)]\’/\HJ\OH Glu-118

NH,

NH o)

N HoN u’ OH Arg-121

NH;

\ 5 TCAACAGCTGTTGA 3’
3 AGTTGTCGACAACT 5’



Important residues and interactions

DNA-protein interactions

BASIC
srebpl @ ce-e---- QSRGEKRTAHNAIEKRYRSSI
MaX 0 ~ececccccnes DKRAHHNALERKRRDHI
mad = | seeeeceeec--- SRSTHNEMEKNRRAHL
Myc @ eescce. GH-MNVKRRTHNVLERQRRNEL
mmm) Myod MELKRK-TT-NADRRKAATMRERRRLSKV
scL @ eee-- GPHT -KVVRRIFTNSRERWRQQNV
eq7 9 eceeeceecee--- RRMANNARERVRVRDI

neurodl = = c---c------- SRRMKANARERNRMHGL

Glu118 Argil21

27



Important residues and interactions

DNA-protein interactions: SPECIFICITY

N . R e 4 4
‘ g T 2N AN A
. & \ " o N (- —

0
NMOH Arg-111
o

NH;

OH |0
|

Thr-115
HsC

NH>

5 TCAACAGCTGTTGA 3
3 AGTTGTCGACAACT 5’

28




Important residues and interactions

DNA-protein interactions - Hydrophobic Pocket

L / ) |
‘ / | l i . :

it
HO OH Glu-118
\/\Ir
NH,
OH ©
Thr-115
HaC”| OH
NH,

5 TCAACAGCTGTTGA 3
3 AGTTGICGACAACT 5’
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Important residues and interactions

DNA-protein interactions - Hydrophobic Pocket
y : | — yﬂ:‘;’x

PN

OH Glu-118

OH O

NH

NH;

Thr-115

5 TCAACAGCTGTTGA 3
3 AGTTGICGACAACT 5’

30



Important residues and interactions

DNA-protein interactions

BASIC
srebp1 @@ @ -------- QSRGEKRTAHNAIEKRYRSSI
MAX = =eeeccccee-- DKRAHHNALERKRRDHI
mad =000 eeeeeeeee---- SRSTHNEMEKNRRAHL
myc sssce-- GH-MNVKRRTHNVLERQRRNEL
=) Mmyod MELKRK-TT-NADRRKAATMRERRRLSKV
scl @ ee--- GPHT -KVVRRIFTNSRERWRQQNV
e47 = seeseceeseeus RRMANNARERVRVRDI

neurodl = = cc----c----- SRRMKANARERNRMHGL

Argl111 Thr115 Glu118

31



Important residues and interactions

DNA-protein interactions: STABILIZATION

5 TCAACAGCTGTTGA 3
3 AGTTGTCGACAACT 5’

32



Important residues and interactions

DNA-protein interactions: STABILIZATION

» G ///
o e . ‘/’:- i -
4 \

H Arg-119

5 TCAACAGCTGTTGA 3’
3 AGTTGTCGACAACT S’

33




Important residues and interactions

DNA-protein interactions

BASIC
srebp1 @ @ c------- QSRGEKRTAHNAIEKRYRSSI
MAX = =ececccecce-- DKRAHHNALERKRRDHI
mad === eeeeeeeeea--- SRSTHNEMEKNRRAHL
Mmyc seccce-- GH-MNVKRRTHNVLERQRRNEL
mmm) Myod MELKRK-TT-NADRRKAATMRERRRLSKV
sclL @ eee-- GPHT-KVVRRIFTNSRERWRQQNV
e47 4 9@ eeeeccccccee-- RRMANNARERVRVRDI

neurodl = c--c-c------- SRRMKANARERNRMHGL

Argl110 Argl117 Arglil9

34



Important residues and interactions

DNA-protein interactions: STABILIZATION

/
4

0
u/\/ﬁ)\% Arg-143
- NH
““,'. /" o
\ HoN \\/\/\21\0H Lys-146
|
NH

5 TCAACAGCTGTTGA 3’
3 AGTTGTCGACAACT 5’

35




Important residues and interactions

DNA-protein interactions

HELIX 1 LOOP
1 |} | | | I_
srebpl  INDKIIELKDLV ----- VGTE--A-KLNK KSAV
max IKDSFHSLRDSV P--S-LQ-G--E-KASR RAQI
mad LRLSLEKLKGLV P--L-GP-D--SSRHTT TLSL Argl43
myc LKRSFFALRDQI P--E-LE-N- -NEKAPK KWVI Lys146
mmm) myod VNEAFETLKRST S--S-NP-N--Q-RLPK KVEI
scl VNGAFAELRKLI P--THPP-D--K-KLSK KNEI
e47 INEAFRELGRMC QLHL-KA------- QTKKLLI
neurodl | NAALDNLRKVV ---P-CY-SKTQ-KLSKKIET
srebpl  LRKAIDYIRFLQHSNQKLKQENLSLRTAVHKSKSL-K------
max LDKATEYIQYMRRKNHTHQQDIDDLKRQNALLEQQVRALG-GC
mad LTKAKLHIKKLEDSDRKAVHQIDQLQREQRHLKRQLEK- - - - -
myc LKKATAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC -
mmm) myod LRNAIRYIEGLQALL-R-D---=--svcceecmmmcccaamaan
scl LRLAMKYINFLAKLLNDQE - - -=========sesemsemnn=-
e47 LQQAVQVILGLEQQVRE--=--=======scscememcamnnnn

neurodl LRLAKNYIWALSEILRS----------====-------nn-- | y

HELIX 2




Important residues and interactions

DNA-protein interactions: MYOGENIC CODE

Thr-115

' residues
' induction of myogenesis by the MRFs.

iThe myogenic code is a sequence of !

for dominant

37



Important residues and interactions

DNA-protein interactions: MYOGENIC CODE

The myogenic code is a sequence of !
' residues for dominant |
induction of myogenesis by the MRFs. |

38




ANNEX: Same family structures

Multiple sequence alighment (My@B in different species)

Chick DRRKAATMRERRRLSKV
Cotja DRRKAATMRERRRLSKV
Danre DRRKAATMRERRRLSKV
Human DRRKAATMRERRRLSKV
Mouse DRRKAATMRERRRLSKV
Pig DRRKAATMRERRRLSKV
Bovin DRRKAATMRERRRLSKV
Sheep DRRKAATMRERRRLSKV
Rat DRRKAATMRERRRLSKV
Caeel DRRKAATMRERRRLRKV

FhIExdddddddddd *x:

Multiple sequence alignment (MREfamily)

Myog_bHLH DRRRAATLREKRRLKKV
Myf6_bHLH DRRKAATLRERRRLKKI
MyoD_bHLH DRRKAATMRERRRLSKV
Myf5_bHLH DRRKAATMRERRRLKKV

Fhdkookkkoskk o hkk k.

Structural alignment (monomers)

BASIC
srebp1 @ ce------ QSRGEKRT IEKRYRSSI
max ~eccccecce--- DKRAH LERKRRDHI
mad =0 ceeeeeeeee--- SRSTHNEMEKNRRAHL
myc ~seccec-- GH-MNVKRRT LERQRRNEL
mmm) myod MELKRK-TT-NADRR RERRRLSKV
scl = ee--- GPHT-KVVRRIF RERWRQQNV
e47 @ eeeeeeeee---- RR RERVRVRDI
neurodl = ------------ SRRM RERNRMHGL

39



Interactions summary

Arg 121~ ~
salt bridge R

()
Glu 118 F—=Arg 111

o ——— Asn 126 (Helix 1
< ( )

\ hydroegen bond

[T11] [ A4
[T12] [ A3
| G13 || c2'|

()
[ A14 | [T1]
<3 5'

N
o “Lys 146 (Helix 2)

N
N

N
“Arg 143 (Loop)

Figure 4. Ma PC, Rould MA, Weintraub H, Pabo CO. Crystal structure of MyoD bHLH domain-DNA complex:
perspectives on DNA recognition and implications for transcriptional activation. Cell. 1994 May 6;77(3):451-9. 40



2.

Zinc Fingers



Zinc fingers

Small, functional, independently folded domain that requires coordination of one or more zinc ions to stabilize its structure.

C2H2 family

Zinc Ribon

Zinc binding loops
Gag Knuckle
Zn2/Cysé
Metallothionein
Treble clef

TAZ2 domain

oy

-

\_

R S

s
®
N

@U

~
-~

o— L 4 -

O

OXx—-0=Z X2

-~
~N

T4

N:®Q

Teekpc

Figure 5. William J, Lennarz, M. Daniel Lane. (2013) Encyclopedia of biological Chemistry:
Zinc Fingers. Academic Press
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Zif268/EGR1

Basic features

Transcription factor

Binds to the DNA sequence 5-GCG(T/G)GGGCG-3’

Key role in the regulation of cell survival, proliferation invasion and cell death.

Oncogenic role — gastric and pancreatic cancer

Tumor suppressor — gliomas and melanocytomas

44



SCOP classification

Beta-beta-alpha zinc fingers

(N-terminal beta-hairpin and C-terminal alpha-helical region; each

part provides two zinc-coordinating residues)

Classic Zinc Fingers, C2H2

Organisme Mus musculus (Mouse)

45



Zif268: general structure

1
: ° 3 Zinc fingers
1
I e
1
1
1
1

e Zn+ hydrophobic core

|
|
|
|
Antiparallel B-sheet + a-helix :
|
|
|

Non-specific DNA
contacts




1AAY Second structure correlation

Finger 1 Finger 2 Finger 3
A A A
4 A\ 4 A 4 A\
PDB INSTANCE C[auth A] MERPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQCRICMRNFSRSDHLTTHIRTHTGEKPFACDICGRKFARSDERKRHTKIHLRQKD
UNIPROT P08046 (ERPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQCRICMRNFSRSDHLTTHIRTHTGEKPFACD | CGRKFARSDERKRHTK I HLRQKD)
SECONDARY STRUCTURE | | [ ] 1
UNMODELED
BINDING SITE ZN ® ® D @
BINDING SITE ZN ® o @ ®
BINDING SITE ZN Figure 6. https://www.rcsb.org/ e o ® Y

MERPYACPVESCDRRFSREDELTRHIRTHTIGQK
W W
PFQCRI--CMRNFSREDHLTTHTRTHTIGEK
W W
PFACDI--CGRKFAREDERKRHTKTHITRQKD
W W

Antiparallel B-sheet O - helix

47




C2H2 family: Consensus sequence

His85

BX, X, X XXX
I = Cysteine residue

= Hydrophobic residue
H = Histidine residue Cys81
X =Any residue

Finger 3Zif268

48



Seguence and structure analysis



Methodology

' Finding |  MSA | |
/ _______________ I | proteins " using " different species
| SEQUENCE ANALYSIS | S C L Custaw |
| PSI-BLAST | e B S e
\I UsSingPF,iM ' Finding 1} MSA | Between different
I il i ' proteinsof | | Alignment | ' proteins of the
i | . C2H2 family | | Using | | C2H2family
_______________ 0 . ClustalwW | S

______________




Methodology

| Selection of C2H2 !
. family proteins

Wilms Tumor Protein Homo sapiens

1.60 A Zif268 90 Mus musculus
2.50A YY1 124 Homo sapiens
2,60 A Gli 155 Homo sapiens

51



Analyzing consensus sequence residues



MSA: Residues conservation among different species

B-strand

B-strand

a-helix

B-strand

3-strand

a-helix

B-strand

B-strand

a-helix

EGR1 (ZIF268): - A N e A N /\ g N
MOUSE ACPVESCEDRRESRSDELTRHIRIH FQERICEMRNESRSDHLTTHIRTH FACDICGRKEARSDERKRHTKIH
HUMAN ACPVESCDRRESRSDELTRHIRIH FQERICMRNESRSDHLTTHIRTH FACDICGRKEARSDERKRHTKIH
RAT ACPVESCDRRESRSDELTRHIRIH FQERIEMRNESRSDHLTTHIRTH FACDICGRKEARSDERKRHTKIH
BOVIN ACPVESEDRRESRSDELTRHIRIH PQERISMRNESRSDHLTTHIRTH FACDICGRKEFARSDERKRHTKIH
XENOPUS ACPVESEDRRESRSDELTRHIRIH FQERICMRNESRSDHLTTHIRTH FACDICGRKFEARSDERKRHTKIH
COTURNIX -=----CEDRRESRSDELTRHIRIH FQERICMRNESRSDHLTTHIRTH FAEDICGRKFARSDERKRHTKIH
XENLA GICPVESCEDRRESRSDELTRHIRIH FQECRICMRNESRSDHLETTHIRTH FACDIEGRKFARSDERKRHTKIH
ZEBRAFISH ACPVETEDRRESRSDELTRHIRIH FQERIEMRNESRSDHLTTHIRTH FACEICGRKEARSDERKRHTKIH
TAENIOPYGIA -=----CDRRESRSDELTRHIRIH FQERIEMRNESRSDHLTTHIRTH FACDICGRKEARSDERKRHTKIH
REERREHEEKR KRR BRI R KES REER KERERRRREERRERRRS ¥ :* REERRREKRRREER IR ERE

- ~ 4N . R > Y,

Finger 1 Finger 2 Finger 3
B Hydrophobic His B, A AR H .




MSA: Residues conservation among different C2H2 ZnF

Clustal 2.1 multiple sequence alignment

B-strand B-strand a-helix

¢ \

Z1f268 mouse ACPVES DRR SRSDE TRHIRIH
MIG1 Candida ACSWDGEDWREARSDEL TRHYRKH
KLF1 Mouse ACTFPGCVKRESRSDELTRHLRIH
creA Aspargillus QFPG SKRESRSDELTRHSRIH
KLF5 Mouse DYNGCTKV TKSSH KAHLRTH

£ X X

25, A, BB XX
ICysl Hydrophobic His

54



Structural analysis among different C2H2 ZnF

Gli ETDCRWDGCSQEFDSQEQLVHHINSEHIHGERKEFVCHWG- - - - - GCSRELRP-FKAQYM
YYr = ------ Tommmmmmmmmmmmmmm e - IACPHKGCTK- -MFRDNS - - - -A
LI e
Zif268 2 -----------mm e e e oo - -] Finger 1  [Eadmams o oms v o o s 20 s s oW 0 20 20 s s Finger2 [~~~ -~
N N
Gli LVVHMRRHTGEKPHK FEG RKSYSRLENLKTHLRSHTGEKPYM EHEG- SKAFSNAS
YY1l MRKHLHTHG-PRVHVCAE - - GKAEVESSKLKRHQLVHTGEKPFO -TFEG GKRFSLDF
wr, ---------- EKPYQ DFKD ERRFSRSDOLKRHORRHTGVKPFO -KT--EQRKFSRSD
Zif268 @ ----------- RPYA PVES DRRESRSDELTRHIRIHTGOKPFQ ~-RI-- MRNESRSD
Gli DHAKHQNRTHSNEKPYV KLPG KRyTDPSSlRKHVKTVHG-
YYA NLRTHV - RIHTGDRPYV PFDG KKFAQSTNLKSHILT HA -
WT1l HLKTHT RTHTGEKPFS RWPS KKFARSDELVRHHNM HQR
Zif268 HETTHI RTHTGEKPEA DI-- RKFARSDEBKRHTKI HLR
N J N J
Y Y
Finger 2 Finger 3
ZX, X, XXX, HX
IC¥8 Hydrophobic His >




Superimposition

@®\vic
Oaiia
OwT1A
@ Zif268A

Sc=6.18 RMS = 1.74 Len =156 nfit = 82
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Superimposition with Zn atoms




Key residues
(Consensus sequence)



Conservation of residues

Gli
Y3
WT1l
Zif268

Gli
YY1
WT1l
Zif268

Gli
YY1
WTl
Zif268

ETDCRWDGCSQEFDSQEQLVHHINSEHIHGERKEFVCHWG- - - - - GCSRELRP-FKAQYM

------ T-----------==se=======n==-----TACPHKGCTK- -MFRDNS- - - -A

"""""""""""" Finger 1 [REmEmmmmmmmmmmmmmmmwmmd Finger 2 mEEmmmee
N N

@ N 4 A
LVVHMRRHTGEKPHKCTFEGERKSYSRLENLKTHLRSHTGEKPYMEEHEG - ESKAFSNAS

MRKHLHTHG- PRVHVECAE - - CGKAFVESSKLKRHQLVHTGEKPFQE - TFEGEGKRFSLDF
---------- EKPYQCDFKDEERRFSRSDQLKRHQRRHTGVKPFQE -KT - - CQRKFSRSD
----------- RPYACPVESEDRRFSRSDELTRHIRIHTGQKPFQE -RI - - EMRNFSRSD

DRAKHQNRTHSNEKPYVEKLPGETKRYTDPSSLRKHVKTVHG -
NLRTHV-RIHTGDRPYVEPFDGENKKFAQSTNLKSHILT-HA-
HLKTHT -RTHTGEKPFSERWPSCQKKFARSDELVRHHNM-HQR

HLTTHI-RTHTGEKPFACDI - - CGRKFARSDERKRHTKI -HLR
N\ J N\ J
Y Y
Finger 2 Finger 3

B, X AR
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Residues involved in Zn binding

Cys40

>SSk

- '
” \
1
)
[\ 9
\

N

'LII'Xl-z'.'Xz-4'I'X3'I'X5'I'Xz'H'Xs-s'

Finger 2 1 ; f
| 4 N €




Conservation of residues

Gli ETDCRWDGCSQEFDSQEQLVHHINSEHIHGERKEFVCHWG- - - - - GCSRELRP-FKAQYM
YyYi = ------ L IACPHKGCTK- -MFRDNS - - - -A
L LI e S
Zif268 2 ------------mm e e oo - - Finger 1 [Eadas e o oms ow o s J0rs 20 s o0 0 0 20 0 s Finger2 [~ -~~~
/4 -~ N (_ = A
Gli LVVHMRRHTGEKPHKCTFEGCRKSYSRLENLKTHLRSHTGEKPYMCEHEG - CSKAFSNAS
YY1l MRKHLHTHG - PRVRVCAE - - CGKAFVESSKLKRHQLVHTGEKPFQC - TFEGCGKRESLDF
wr, ---------- EKPYQCDFKDCERRFSRSDQLKRHQRRHTGVKPEQC -KT - -CQRKESRSD
Zif268 - ----------- RPYACPVESCDRRESRSDELTRHIRIHTGOKPFQC-RI--CMRNFSRSD
Gli DﬁAKHONRTHSNEKPYVCKLPGCTKRYTDPSSLRKHVKTVHG—
YYA NLRTHV-RIHTGDRPYVCPFDGCNKKFAQSTNLKSHILT-HA-
WT1l HLKTHT -RTHTGEKPFSCRWPSCQKKFARSDELVRHHNM-HQR
Zif268 HLTTHI-RTHTGEKPFACDI - - CGRKFARSDERKRHTKI -HLR
N J N J
Y Y
Finger 2 Finger 3
L




Hydrophobic core

Finger 1




Hydrophobic core in the different fingers

Hydrophobic core ! | Very stable
S : structure
Zn binding Residues conservation
Hydrophilic Hydrophobic
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Residues conservation among species

EGR1 (ZIF268):

MOUSE YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
HUMAN YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
RAT YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
BOVIN YACPVESCDRRFSRSDELTRHIRIH PQCRISMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
XENOPUS YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
COTURNIX ------- CDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
XENLA YGCPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
ZEBRAFISH YACPVETCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACEICGRKFARSDERKRHTKIH
TAENIOPYGIA  ------- CDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
RERREEEERRERRERREREEKER :****.***************** ***:*******************
N ~ '\ Y J\_ < J
Finger 1 Finger 2 Finger 3

[Cys Hydrophobic His
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Zn Finger 3: Arg78 residue

1) Aliphatic carbon side chain of this Arg residue contributes to the proper formation of the hydrophobic core
' 2)  Leumutants had no ability to bind DNA
. 3) Arg78 water-mediated interaction with phosphate is essential for DNA binding

H,N NH
A
i x NH
K ®
R T
G =
v
D@ H™"/coou HY™ /Ncoon
C H N H,N
H,NKPEA LRQKD-CONH
? ? Arg (R) Leu (L)
Zif268 Finger 3

Figure 7. Negi, S., Imanishi, M., Sasaki, M., Tatsutani, K., Futaki, S., & Sugiura, Y. (2011). An arginine residue instead of a conserved leucine
residue in the recognition helix of the finger 3 of Zif268 stabilizes the domain structure and mediates DNA binding. Biochemistry, 50(28),
6266-6272.
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Zn Finger 3: Arg78 residue




Analyzing residues involved in DNA
binding



Key residues
(DNA binding specific)



Residues conservation among species

B-strand B-strand a-helix

B-strand 3-strand a-helix

EGR1 (ZIF268): /\

MOUSE YACPVESCDRRFSRSIELTRHIRIH
HUMAN YACPVESCDRRFSRSDELTRHIRIH
RAT YACPVESCDRRFSRSPELTRHIRIH
BOVIN YACPVESCDRRFSRSDELTRHIRIH
XENOPUS YACPVESCDRRFSRSBELTRHIRIH
COTURNIX ------- CDRRFSRSIELTRHIRIH
XENLA YGCPVESCDRRFSRSDELTRHIRIH
ZEBRAFISH YACPVETCDRRFSRSBELTRHIRIH
TAENIOPYGIA  —=se——= CDRRFSRSBELTRHIRIH

******************

~

Finger 1

Position-1 |Position2 Position 3 [Position 6

J

B-strand B-strand a-helix

/\

FQCRICMRNFSRgﬁHLTTHIRTH
FQCRICMRNFSRS@HLTTHIRTH
FQCRICMRNFSRSEBHLTTHIRTH
PQCRISMRNFSRSEHLTTHIRTH
FQCRICMRNFSRSBHLTTHIRTH
FQCRICMRNFSRSBHLTTHIRTH
FQCRICMRNFSRSBHLTTHIRTH
FQCRICMRNFSRSBHLTTHIRTH
FQCRICMRNFSRSBHLTTHIRTH

**** ***#*x***********

/\

FACDICGRKFARSBERKRHTKIH
FACDICGRKFARSDERKRHTKIH
FACDICGRKFARSDERKRHTKIH
FACDICGRKFARSDERKRHTKIH
FACDICGRKFARSDERKRHTKIH
FACDICGRKFARSDERKRHTKIH
FACDICGRKFARSDERKRHTKIH
FACE ICGRKFARSDERKRHTKIH
FACDICGRKFARSDERKRHTKIH

*** *******************

AN J

Y-
Finger 2

Y
Finger 3
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DNA Specific Interactions




DNA-binding consensus sequence

Zif268 consensus binding site

5 - TGG - 3’ — Guanine-rich strand of DNA

%12 1%

G

71



Residues involved in specific DNA binding

Primary Complementary
Helix Position Strand Strand

.

-

>
1

Important residues

Fingerd — Arg118, Asp120,Arg124 (positions -1,2,6)

>

Finger 2 — Arg146, Asp148, His149 ( positions -1,2,3)

BIRBERE — Arg174, Asp176, Arg180 (positions -1,2,6)

{7 o)

T
3 5
DNA Basepairs

Figure 8. Miller, J. C., & Pabo, C. O. (2001). Rearrangement of side-chains in a Zif268 mutant
highlights the complexities of zinc finger-DNA recognition. Journal of molecular biology, 313(2),
309-315.
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Position -1

Position-1 Position 2 Position 3 Position 6

EGR1 (ZIF268): A

MOUSE

HUMAN

RAT

BOVIN
XENOPUS
COTURNIX
XENLA
ZEBRAFISH
TAENIOPYGIA

B-strand B-strand

a-helix

B-strand

3-strand

a-helix

/\

YACPVESCDRRFS
YACPVESCDRRFS
YACPVESCDRRFS
YACPVESCDRRFS
YACPVESCDRRFS

YGCPVESCDRRFS
YACPVETCDRRFS

gDELTRHIRIH
SDELTRHIRIH
SDELTRHIRIH
SDELTRHIRIH
SDELTRHIRIH
SDELTRHIRIH
SDELTRHIRIH
SDELTRHIRIH
SDELTRHIRIH

REHEFERREBEEREER

Finger 1

NS

J

FQCRICMRNF
FQCRICMRNFSR
FQCRICMRNFS

B-strand B-strand

C B
SDHLTTHIRTH

SDHLTTHIRTH
SDHLTTHIRTH

PQCRISMRNFS

SDHLTTHIRTH

FQCRICMRNFS
FQCRICMRNFS
FQCRICMRNFSR
FQCRICMRNFSR

o REER KRR EERE
. .

R
R
FQCRICMRNFSR
R
R

SDHLTTHIRTH
SDHLTTHIRTH
SDHLTTHIRTH
SDHLTTHIRTH
SDHLTTHIRTH

REREREREERRERR

~

Finger 2

TGG

a-helix

FACDICGRKFA
FACDICGRKFA
FACDICGRKFA
FACDICGRKFA
FACDICGRKFA
FACDICGRKFA
FACDICGRKFA
FACEICGRKFA
FACDICGRKFA

HAEEK  KEERREREKK

'\

e )
DERKRHTKIH
DERKRHTKIH
DERKRHTKIH
DERKRHTKIH
DERKRHTKIH
DERKRHTKIH
DERKRHTKIH
DERKRHTKIH
DERKRHTKIH

EHERERREERR

J

~

Finger 3
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Position -1

Argl8 Arg74

S A ~ 2778A
) )

N\2.920A /( &
N

Finger 1 Finger 2




Position -1

NH

HoN

N

Arginine

N
H

o

O

NH>

Guanine
T
N
Z NH
LA

R18A mutation results in 100-fold loss affinity

NH,




Position 2

Position-1 [Position2 Position 3 Position 6

B-strand

EGR1 (ZIF268):/\

MOUSE YACPVESCDRRFSRSPEELTRHIRIH
HUMAN YACPVESCDRRFSRSPELTRHIRIH
RAT YACPVESCDRRFSRSPELTRHIRIH
BOVIN YACPVESCDRRFSRSPELTRHIRIH

XENOPUS YACPVESCDRRFSRSPELTRHIRIH FQCRICMRNFSRS
COTURNIX ------- CDRRFSRSPEELTRHIRIH FQCRICMRNFSRS
XENLA YGCPVESCDRRFSRSPELTRHIRIH FQCRICMRNFSRS
ZEBRAFISH YACPVETCDRRFSRSPEELTRHIRIH FQCRICMRNFSRS
TAENIOPYGIA  —=se——= CDRRFSRSPELTRHIRIH

B-strand

a-helix

B-strand

3-strand

a-helix

B-strand

RREREEEERBRPERRREEEER

Finger 1

J

FQCRICMRNFSRS
FQCRICMRNFSRS
FQCRICMRNFSRS
PQCRISMRNFSRS

o BMEEER KERERERER
. .

DHLTTHIRTH
DHLTTHIRTH
DHLTTHIRTH
DHLTTHIRTH
DHLTTHIRTH
DHLTTHIRTH
DHLTTHIRTH
DHLTTHIRTH
FQCRICMRNFSRYBHLTTHIRTH

PR R R KRR ERR

FACDICGRKFAR
FACDICGRKFAR
FACDICGRKFAR
FACDICGRKFAR
FACDICGRKFAR
FACDICGRKFAR
FACDICGRKFAR
FACEICGRKFAR
FACDICGRKFAR

HKAEEK ., *********

'\

~

Finger 2

B-strand

a-helix

EERKRHTKIH
EERKRHTKIH
éERKRHTKIH
EERKRHTKIH
&ERKRHTKIH
éERKRHTKIH
EERKRHTKIH
éERKRHTKIH
DERKRHTKIH

HEEREREREKEER

J

~

Finger 3
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Position 2: Interaction with position -1 residue

Finger 1 Finger 2

Asp76




Position 2: Interaction with position -1 residue

Arginine

NH O

HoN A \N/\/\HJ\OH
H

NH,

Aspartic

OH

O

NH,

D20A mutation results in a reduced specificity for guanine

/8




Interaction between position -1 and position 2




Position 3

Position -1 Position 2 Position 3 Position 6

Beta strand Beta strand Alfa-helix

Beta strand

Beta strand Alfa-helix

EGR1 (ZIF268):/\

Beta strand

Beta strand Alfa-helix

/\

/\

MOUSE YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
HUMAN YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
RAT YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
BOVIN YACPVESCDRRFSRSDELTRHIRIH PQCRISMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
XENOPUS YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
COTURNIX ------- CDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
XENLA YGCPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
ZEBRAFISH YACPVETCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACEICGRKFARSDERKRHTKIH
TAENIOPYGIA  ------- CDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
RERRREFEERERERRREREREKR :**** ¢ HERERRRREERERERRRR ***: HERRRRKERRERRRREEER
N ~ '\ \/ J\_ < J
Finger 1 Finger 2 Finger 3

e 156 e |

80




Position 3

Finger 1 Finger 2




Position 3

Finger 1 Finger 2




Position 3

H bond

Histidine

“

O

\

N
) OH
HN; NH

2

Guanine
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Position 6

Position-1 Position 2 Position 3 |Position 6

Beta strand Beta strand Alfa-helix

Beta strand

Beta strand Alfa-helix

EGR1 (ZIF268):/\

Beta strand

Beta strand Alfa-helix

/\

/\

MOUSE YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
HUMAN YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
RAT YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
BOVIN YACPVESCDRRFSRSDELTRHIRIH PQCRISMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
XENOPUS YACPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
COTURNIX ------- CDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
XENLA YGCPVESCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
ZEBRAFISH YACPVETCDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACEICGRKFARSDERKRHTKIH
TAENIOPYGIA  ------- CDRRFSRSDELTRHIRIH FQCRICMRNFSRSDHLTTHIRTH FACDICGRKFARSDERKRHTKIH
RERREEEERRERRRRRREEKER :****.****#************ ***:*******************
N ~ '\ \/ J\_ < J

Finger 1 Finger 2 Finger 3
e EJ




Position 6

Arginine Guanine
NH o I
N~
e B
NH 7
? N N NH;

Finger 1
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Key residues
(non-specific DNA binding)



DNA non-specific interactions: Arg 14 and His25

Gli ETDCRWDGCSQEFDSQEQLVHHINSEHIHGERKEFVCHWG- - - - - GCSRELRP-FKAQYM
YyYi = ------ T--mmmmmm e mmmm e IACPHKGCTK- -MFRDNS - - - -A
7 1 e e
Zif268 2 -----------mm e e e oo - - - FiNnger 1 e e oms ow g i J0ra 20 s o0 W 0 202 0 s s Finger2 [~~~ -~
e o N 4 = N\
Gli LVVHMRRHTGEKPHKCTFEGCRKSYSRLENLKTHLRSHTGEKPYMCEHEG-CSKAFSNAS
YY1l MRKHLHTHG-PRVHVCAE - - CGKAFVESSKLKRHQLVHTGEKPFQC-TFEGCGKRFSLDF
wr,.  ---------- EKPYQCDFKDCERRFSRSDQLKRHQRRHTGVKPFQC-KT - -CQRKFSRSD
Zif268 - ----------- RPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQC-RI--CMRNFSRSD
Gli DRAKHQNRTHSNEKPYVCKLPGCTKRYTDPSSLRKHVKTVHG -
YA NLRTHV-RIHTGDRPYVCPFDGCNKKFAQSTNLKSHILT-HA-
WT1l HLKTHT -RTHTGEKPFSCRWPSCQKKFARSDELVRHHNM-HQR
Zif268 HLTTHI-RTHTGEKPFACDI - -CGRKFARSDERKRHTKI-HLR
N\ J N\ J
Y Y
Finger 2 Finger 3
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DNA non-specific interactions: Arg 14 and His25

Finger 1

Phosphate C")
group R—O—P —OH
|
OH
Arginine
lﬁlH O
NH>
Histidine
O
/N\
( / OH
HN NH-
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DNA non-specific Interactions: Arg 18

Gli ETDCRWDGCSQEFDSQEQLVHHINSEHIHGERKEFVCHWG- - - - - GCSRELRP-FKAQYM
YyYi = ------ T-mmmmmmmmmmmmmm e m IACPHKGCTK- -MFRDNS - - - -A
7 1 1 e e
Zif268 2 ------------mm e e o - oo Finger 1  [Eadams s o oms ow o s J0rs 20 oW s 0 20 20 2 s Finger2 [~ -~~~
e -~ N 4 = A
Gli LVVHMRRHTGEKPHKCTFEGCRKSYSRLENLKTHLRSHTGEKPYMCEHEG-CSKAFSNAS
YY1l MRKHLHTHG-PRVHVCAE - - CGKAFVESSKLKRHQLVHTGEKPFQC-TFEGCGKRFSLDF
wr, ---------- EKPYQCDFKDCERRFSRSDQLKRHQRRHTGVKPFQC-KT - - CQRKFSRSD
Zif268 - ----------- RPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQC-RI--CMRNFSRSD
Gli DRAKHQNRTHSNEKPYVCKLPGCTKRYTDPSSLRKHVKTVHG -
YYA NLRTHV-RIHTGDRPYVCPFDGCNKKFAQSTNLKSHILT-HA-
WT1l HLKTHT -RTHTGEKPFSCRWPSCQKKFARSDELVRHHNM-HQR
Zif268 HLTTHI-RTHTGEKPFACDI - -CGRKFARSDERKRHTKI-HLR
N\ J N\ J
Y Y
Finger 2 Finger 3
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DNA nos-specific interactions: Arg 18

Asp20

Finger 1

Phosphate C”)
group | R—O—P —{OH
|
OH
Arginine
H
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DNA non-specific interactions: Lys33

Gli ETDCRWDGCSQEFDSQEQLVHHINSEHIHGERKEFVCHWG- - - - - GCSRELRP-FKAQYM
YyYi = ------ T--mmmmmm e mmmm e IACPHKGCTK- -MFRDNS - - - -A
7 1 e e
Zif268 2 -----------mm e e e oo - - - FiNnger 1 e e oms ow g i J0ra 20 s o0 W 0 202 0 s s Finger2 [~~~ -~
e o N 4 = N\
Gli LVVHMRRHTGEKPHKCTFEGCRKSYSRLENLKTHLRSHTGEKPYMCEHEG-CSKAFSNAS
YY1l MRKHLHTHG-PRVHVCAE - - CGKAFVESSKLKRHQLVHTGEKPFQC-TFEGCGKRFSLDF
wr,.  ---------- EKPYQCDFKDCERRFSRSDQLKRHQRRHTGVKPFQC-KT - -CQRKFSRSD
Zif268 - ----------- RPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQC-RI--CMRNFSRSD
Gli DRAKHQNRTHSNEKPYVCKLPGCTKRYTDPSSLRKHVKTVHG -
YA NLRTHV-RIHTGDRPYVCPFDGCNKKFAQSTNLKSHILT-HA-
WT1l HLKTHT -RTHTGEKPFSCRWPSCQKKFARSDELVRHHNM-HQR
Zif268 HLTTHI-RTHTGEKPFACDI - -CGRKFARSDERKRHTKI-HLR
N\ J N\ J
Y Y
Finger 2 Finger 3

Residue involved n nor-specific nteraction 1



DNA non-specific

Interactions: Lys33

Linker region between finger 1

and finger 2

Phosphate (”)
group | R—QO—P —OH
I
OH
Lysine NH,
OH
H,N7
0
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DNA non-specific interactions: Lys61

CLUSTAL W(1.60) multiple sequence alignment

Gli ETDCRWDGCSQEFDSQEQLVHHINSEHIHGERKEFVCHWG- - - - - GCSRELRP-FKAQYM
YyYi = ------ T-mmmmmmmm e mmmm e IACPHKGCTK- -MFRDNS - - - -A
7 1 e e
Zif268 2 -----------mm e e e oo - -] Finger 1 o e oms v o i s 20 s oW 0 0 20 0 s Finger2 [~~~ -~
e o N 4 = N\
Gli LVVHMRRHTGEKPHKCTFEGCRKSYSRLENLKTHLRSHTGEKPYMCEHEG-CSKAFSNAS
YY1l MRKHLHTHG-PRVHVCAE - - CGKAFVESSKLKRHQLVHTGEKPFQC-TFEGCGKRFSLDF
wr,. ---------- EKPYQCDFKDCERRFSRSDQLKRHQRRHTGVKPFQC-KT - -CQRKFSRSD
Zif268 - ----------- RPYACPVESCDRRFSRSDELTRHIRIHTGQKPFQC-RI--CMRNFSRSD
Gli DRAKHQNRTHSNEKPYVCKLPGCTKRYTDPSSLRKHVKTVHG -
YYA NLRTHV-RIHTGDRPYVCPFDGCNKKFAQSTNLKSHILT-HA-
WT1l HLKTHT -RTHTGEKPFSCRWPSCQKKFARSDELVRHHNM-HQR
Zif268 HLTTHI-RTHTGEKPFACDI - -CGRKFARSDERKRHTKI-HLR
N\ J N\ J
Y Y
Finger 2 Finger 3
Residue involved in non-specific interaction 7



DNA non-specific Interactions: Lys61 )J 2

;.--‘-'—5-62-75_ ~ .1‘

I
H.264A

Linker region between finger 2 ‘
and finger 3 e\ 94



Conclusions



Conclusions

MyoD and Zif268, which are structurally different can perform a similar function as transcription factors and bind to DNA.

Conservation of HLH and ZnF domains is high, demonstrating the huge importance of them for their function as transcription
Factors.

Hydrophobic residues are essential for protein stability and basic residues are highly important for DNA-binding.

These transcription factors have different DNA binding specificity since the sequences interacting are not the same.

Stabilization of its structure is required in order to perform their function of DNA binding.
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Thank you for your
attention!



Pem questions

1. Select the correct answers about MyoD:
1.  According to SCOP it belongs to the helix loop helix family.
It binds specifically to the E-box (CAGCTG)

4. The binding domain of MyoD recognizes the:
a. Major groove of the DNA.

§' S hvdrophobi i help to stabilize th e b. Minor groove of the DNA
4' ItorEeI' y2 rofho Ic r:: tubejsd etp t(;s S,\::e € protein. C. Both of the above are correct
s helix 215 the one that binds to the ’ d. An specific region of minor groove of the DNA
a) 2and 4
e. All of them are correct.
b) 1,2and 3
2; ‘11 2,3and4 5. Select the WRONG answer/s about the conservation of MyoD:

1. Basic residues needed for DNA-binding in helix 1 are highly
conserved among species and other bHLH proteins

2. Hydrophobic residues are not conserved among species because
they are not needed for the proper binding to the DNA

e) None the above
2. b/HLH proteins like MyoD bind to DNA through the region:
a. Helix1 (H1)

b: Bas.|c e 3. The myogenic code is conserved among the Myogenic Regulatory
c. Helix2 (H2) .
4 L Factor family (MRFs)
. A(I)Iorl)‘ the ab 4, Residues located in the loop are highly conserved among other
e. of the above members of the bHLH family of transcription factors.
o ) a) 2and 4
3.In transcription factors, the contacts made with the b) 1,2and3
phosphates of the DNA are: 0) 1, 2 3and4
a. Specific contacts d) 47 ,

b. 1 stacking

c. Unspecific contacts

d. Water mediated contacts
e.

Hydrophobic contacts
T

e) None the above



Pem questions

6.Select the correct answers about Zif268:
1. According to SCOP it belongs to the helix loop helix family.
2. It has 4 zinc fingers

3. It is involved in the transcriptional activation of numerous
muscle-specific genes
4. It is a transcription factor
a) 1,2,34
b) 1,2,3
c) 1y3
d 2y4
e) 4

7 Which of the following are specific interactions of Zif268 with DNA?
Indicate the true statement.

a)
b)
c
d)
e)

Arg 18 of finger 1 with guanine

Lys33 with the 5’ phosphate of base 5
Cys17 with Znion

Lys61 with the 5’ phosphate of base 2
Arg98 with 5’ phosphate of base 3

8 Which is the consensus sequence of C2H2 family?

a)
b)

(g

)
d)
)

)

ZX,yFX, 7 CXZXKZK, HX, C
-ZX, ,FX, -CXZXZX,-CX, -H
“ZX,_yCX, -CXZKZX, X, H
-ZX, ;" CX, - CXZKZ X HX, H

-ZX, ;" GX, ;- CX,ZKZ X, HX, H

9.Which are the most different zinc fingers regarding the
DNA binding specificity?

a.

20 T

Finger 1and 3

Finger 1 and finger 5

Finger 1 and finger 2

Finger 4 and finger 3

All of them are exactly the same

10.Regarding the hydrophobic core of Zif268, select the false
statement:

a.
b.

C.

It allows the stabilization of the zinc finger structure

The residues involved are highly conserved

In the three zinc fingers the residues forming the
hydrophobic core are exactly the same.

Tyr05, Phel6 and Leu22 are some residues forming the
hydrophobic core.

All of the above are true
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ANNEX: Same family structures

Structural alignment (dimers)

CLUSTAL W(1.60) multiple sequence alignment

SREBP1-SREBP1
Myc-Max
Mad-Max
SCL-E47
MyoD-MyoD
E47-NeuroD1

SREBP1-SREBP1
Myc-Max
Mad-Max
SCL-E47
MyoD-MyoD
E47-NeuroD1

SREBP1-SREBP1
Myc-Max
Mad-Max
SCL-E47
MyoD-MyoD
E47-NeuroD1

SREBP1-SREBP1
Myc-Max

Mad -Max
SCL-E47
MyoD-MyoD
E47-NeuroD1

------ QS-RGEKRTAHNAIEKRYRSSINDKIIELKDLV---V-GTEAK-LNKSAVLRKA
------- GHMNVKRRTHNVLERQRRNELKRSFFALRDQI - - PE- LENNEKAPKVVILKKA
------------ SRSTHNEMEKNRRAHLRLSLEKLKGLV--PL-GPDSSRHTTLSLLTKA
----- GPHTKVVRRIFTNSRERWRQQNVNGAFAELRKLI--PTHPPDKK-LSKNEILRLA
MELKRK-TTNADRRKAATMRERRRLSKVNEAFETLKRSTS-S--NPNQR-LPKVEILRNA
------------ RRMANNARERVRVRDINEAFRELGRMCQLHL-K--A--QTKLLILQQA

IDYIRFLQHSNQKLKQENLSLRTAVHKSKS-L------ KS-=-=r=vv=~~ RGE-KRTAHN
TAYILSVQAEEQKLISEEDLLRKRREQLKHKLEQLGGC-D-------------- KRAHHN
KLHIKKLEDSDRKAVHQIDQLQREQRHLKRQLE----- KK =i isiesinsin sl RAHHN
MKYINFLAKELNDQ== <+~~~ cosaacasaoscssans ESLEEKDL -RDRE-RRMANN
IRYIEGLQALLR---=~-=r=--mmerr e ce e mm= - Dr=r==--~ TTNAD-RRKAAT
VQVILGLEQQVR-=-==-=zomr=seresrormnronene= Ersoemr=mreann SRRMKAN
AIEKRYRSSINDKIIELKDLV----- VG-TEAKLNKSAVLRKAIDYIRFLQHSNQKLKQE

ALERKRRDHIKDSFHSLRDSVP--S-LQ-G-EKASRAQILDKATEYIQYMRRKNHTHQQD
ALERKRRDHIKDSFHSLRDSVP--S-LQ-G-EKASRAQILDKATEYIQYMRRKNHTHQQD
ARERVRVRDINEAFRELGRMCQMHLKSD- - -KAQTKLLILQQAVQVILGLEQQVRERNLN
MRERRRLSKVNEAFETLKRSTS----SNPN-QRLPKVEILRNAIRYIEGLQALLRD----
ARERNRMHGLNAALDNLRKVVP- - - -CYSKTQKLSKIETLRLAKNYIWALSEILRS----

NLSLRTAVHKS----------
IDDLKRQNALLEQQVRALGGC
IDDLKRQNALLEQQV------
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