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Chromatin remodellers
Transcription factors

Sequence-specific DNA recognition:
- Sequence-dependent DNA structure and flexibility
- Physicochemical signatures of base pairs
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Introduction

Recognition based on loops Recognition based on B-strands

TBP (1YTB) NF-kB (1SVC) Met repressor (1CMA)

Recognition based on a-helices
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Methodology

* Alignments :

b

PROTEIN DATA BANK

QP

STRUCTURAL CIASQIFICA'I'I();\: OF PROTEINS

Py

\-/’

Prdt

Pfam -

-E 0.0001

- A option to retrieve the alignment
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Methodology

JalView representation of the alignments:

! N B . ' .
! - o 43 #2 4/1-25 vacpvEslcorrRFspssNLTRBI[- R
(f ta t7a 1/1-25 YACPVESC‘ o fubdcd/1-25 YVCPFDGCNKKFAQSTNLKSHI|-LTH
[f tubdodrt-26 Yicpio cH o tx 303 1/1-26 YRCVHQG|CFAAFTIoaNL | LHYVAVH
(f tx 3oz /4-26 YIC VRO o #323/1-26 FTCDSD[GICOLRF TTKANMKKHFINRF H
:;:f.'ag:'ﬁz icgifg o 2ghia51-26 YVCKLP[GCTKRYTDPSSLRKHVKTVH
3 -,
o 1hh0oa 2/1-25 YHC-T-[Y[CNFSFKTKGNLTKHMS KAH
3:220‘;?;:'?? :!ET ThrEShOId by o Whboa 4/4-22 YIC-E-|E[c61 - RKKPSMLKKH-|- RTH
b 2,52”'24 -C.I . o 2darda 2/1-24 HKC-E-[MCGKCFSRKDKLKTH-[- RCH
” :},54/4'24 N Conservation o 2ghta 4/1-24 Yve-v-|[E[cNFLTKRYDALSEHN- KYH
0.2, e l: .. o 20lga 2/1-24 FEC-P-|[KHCGKCYFRKENLLEME[- RNC
dzgt:':zn-y W I . o 2ghia 2/4-24 YEC-K-[Y[CTFQTPDLNMF TFHMV- SEH
L e M 1 o 2ot 93 4/4-24 FHC-P-[HCDTVIARKSDLGVHL|- KOH
P .. LK | o thlez_r1-24 Yoc-2-[Y{CEFRSADSSNLKTHI|- TKH
i tyerim, £0-24 A Bl o o fywia_s1-24 ATC-P-|I[cYAavIR2GSRNLRRHL- LRH
ol o N v vominize  Src.o lnragTns. diBa. % B
d 2adr@ 2/1-24 YBC-§-|L A - i -e- .
o 203 1/1-24 vHc . B.M . o 2pa 4/4-24 YRC-K-[MCSRVYTHISNFCRHY- TSH
o 2000 1/1-24 vHc . B.M - o 2depd 4/4-24 YRC-K-[MCSRVYTHISNFCRHY]- TSH
el N N I coenoe  Meo.v il andTEeo i |- okl
d 292 2/1-24 YBc -y 1|- : : : 2 2/1- Y- -
o 2depa 2/1-24 vBc.B.IF . [ Aliphatic/hydrophobic | ILVAM o 20pa 2/4-24 YPC-P-|F[CFKEF TRKDNMTAHM- | I H
o 2depd 2/1-24 vEc-B-.IF - ] Aror.n.atlc | FWY d 2dvpd 2/1-24 YPC-P-|F[CFKEF TRKDNMTAHV- | I H
d1spia_s1-23 Fac-8-B R y Positive d tspta_/1-23 FAC-P-|[EJCPKRFMRSDHLSKH I[- KTH
d twipa 1/1-23 yac-R-IL R ’ Negative _ o Tugoa 4/1-23 YQC-R-[LICNAKLSSLLEQGSHE|-RLC
d znta /1-23 vRc-8-[L al- — o 4znta_r1-23 YKC-6-|L|cCERSFVEKSALSRHQ- RVH
d wjioa 2/1-23 ave - 8. M . ’ Hydrophlhc . . STNQ d twjoa 21-23 AVC-P-[MCSLRFFSPELKREME- sKe
o 2yt92 3/1-23 YS8C-B-|Y ] conformationally special PG o 2492 5/1-23 YSC-P-[V[CGLRFKRKDRMSYHY- RSH
o 20mdz 41-23 YRc- K-t | Cysteine | C o 2dwda 4/1-23 YKC-K-|T[coYAAADSSSLNKHL-RIH
d1p7as_/1-23 Fac- - d 40 723_/1-23 Fac-P-DJCDRSFSRSDHLALMR]- KRH
Consernvation =l l l I Conservation O . . I
302-0-1:012423221431 0-225 302-0-1+012423221431_0-225
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Methodology

* Main interactions of the example:

2if 268
# - Fold 2268 Fold
e , E —
@ -> Non-specific interactions Py
S - Specific interactions Structure_cons
Seguence_cons

aa. letter = Structure conservation
aa. letter - Sequence conservation

*Consensus logo

Zif268
. 2if263_Fold
*Manual annotation of the most Zf::j::_.:homhafes
conserved residues: conservation score stwsture_cons

Seguence_cons

10 20 30
HE TG
HOINEEE I £ RE-KE- -
@-==F=c=zc (@) - @222 - @ @ - - - - -
---------------- GF)ss--8-------
------ R S TTTT .
YeCeoooaBeKeForons L H

)

1'0 2|D 5:0

HE TG

HE-&-# #-#-8----- # HHE-RE- -

@ -4 @ - @2RY- - @ @ - - - - -

----------------- $-$$--§----...
------ C EuxwmownnnwmaH=uxH
Y N Eul=F == = = = L--H---H
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Zinc Fingers TFs

28-30 amino acids

Part 1 |

SCOP classification:
*Class: g: Small proteins
*Fold: g.37: beta-beta-alpha zinc fingers
*Superfamily: g.37.1 beta-beta-alpha zinc fingers
*Family: g.37.1.1: Classic zinc finger, C2H2

*Functions:
* Replication, reparation, transcription
* Metabolism, signaling
* Cell proliferation, apoptosis

*Tandem —>major groove DNA

*Interaction with biomolecules: DNA, RNA,
proteins.

*Example: Zif268 = EGR-1 (Early growth response E.g: Zif268 = Early growth response protein 1. PDBid 1AAZ
protein 1) —> critical role in neuronal plasticity
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Cys2His2 zn finger (Zif268): binding to DNA

Zif268 Zn fingers sequence:

—> '_>_T(1)

23456

1 5 10 15
MERPYACPVESCDRRF SR

35 40 45
PFQCRI ~--~CMRNF SR
65 70
PFACDI --CGRKFA|R

20 25 30
SDELTRHIRIHTGAQK
50 55 60
SDHLTTHIRTHTGEK

75 80 85
SDERKRHTKIHLRQK

*N-terminal portion of alfa-helix

3 bp subsite per finger = ”antiparalle

Introduction
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Methodology

)___

90
D

Zn fingers

DNA-binding site:

1 2 34 567 8 910 11

A GCG | TGG|GCG| T
CGC ACC CGC AT
23 4 5 6\7 8/910 11"12

. \Znﬁnger 3

¥y Znfinger 2

Znfinger 1

bZip HTH




SLQP

STRUCTURAL CLASSIFICATION OF PROTEINS

 Entries bound to DNA: 31

Structures superimposed: 59

[

Prdt

* PFAM: Zn fingers (PFO0096)

* Hmmer hits (<0.0001):10663 RMSD: 1.00A
Score: 6.64

Sequences aligned: 10663 Superimposition of the Zn finger domains
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Cys2His2 zn finger (Zif268): structure

Each Zn finger domain Cys2His2 consist in a beta- hairpin and alfa-helix. The structure is maintained by
the hydrophobic core, the zinc ion and the interaction between residues.

30 40 50 6.0 ?'O 8.0
Zif268 (AW RUP FOQCR | CMRNFSRSDHLTTH I RTHERCESN
Zif2e8 Fold - - - B \BELE - | ELE-#- - - - - # - JEFE-BEL - - - - R I - - HoFE- - - - # #
Structure_cons - - - - - A Ck - - -CF - - - - oo oo o dHl - |HE - - - - C C-ccccecanaas H -H- - - - - .- C--B-==--c-ca===-=- H H
Sequence_cons Y/F- C C-KYF----- L H -H----- YF-C--C-K-YF----. L H H

| Zinc finger 1 |

dzazc¥/1-25 YACPVE|SICORRFSRSDELTRHE/IR I H
o 2dha2/1-25 FSCPEPACGKSFNFKKHLKERMKLH
o thhia_s1-25 FLCTAPIGICGQRFTNEDHLAVHKHKH
d tuhde3?-25 FQCTFEGICGKRFSLDFNLRTHWVIR I H
o hhoa2/-25 YHCT - -|Y|CNF SFKTKGNLTKHMKAH

o thhoa¥/-22 Y ICE- -|E|ICG | - RKKPSMLKKH-|RTH
o 2dmda2/?-2d HKCE - -|V[CGKCFSRKDKLKTH-|IRCH
d2csha¥/1-22 YP-C- -|QICGKSFTHKSQRDRH -|SMH
o 2ghfa /1-24 YVCV - -|[ElCNFLTKRYDALSEHRNKYH
o 2dlga2/1-24 FECP- -|[KICGKCYFRKENLLEHBERNC

A A A A

The Zn is tetrahedrally coordinated
between 2 Cys and 2 His
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Cys2His2 zn finger (Zif268): structure

Each Zn finger domain Cys2His2 consist on a beta- hairpin and alfa-helix. The structure is maintained by
the hydrophobic core, the zinc ion and the interaction between residues.

1|0 2|0 ?:0 40 50 GIO ?;O 8|D
2if268 TP YSP FOCR | CMRNFSRSDHLTTH I RTHLRAS
2if268_Fold # Sl - P 1 O " 1 L - - :c- " T . # #
Structure_cons B [ ) I S B | A e b B H H------- C [ R H---H------- C Coeme e e e e et H H
Sequence_cons B-1C/-L-)- - C - [KIY/EF - - - - L H H->---- YF-C--C-K-YF----- L H---H----- Y/F-C- -C-K-YF-- ... L H H

| Zinc finger 1

dzazc¥/1-25 YACPVE|SICORRFSRSDELTRHE/IR I H

X o 2dha2/1-25 FSCPEPACGKSFNFKKHLKERMKLH

Pro4 o thhia_s1-25 FLCTAPIGICGQRFTNEDHLAVHKHKH
— o tuhde?-25 FQCTFEGICGKRFSLDFNLRT RIH

mll'.i 90"‘ o hhoa2/-25 YHCT - -|Y|CNF SFKTKGNLTKHMKAH

‘ o thhoa¥/-22 Y ICE- -|E|ICG | - RKKPSMLKKH-|RTH

' > o 2dmda2/?-2d HKCE - -|V[CGKCFSRKDKLKTH-|IRCH
d2cshat/1-22 YP-C- -|QCGKSFTHKSQRDRH -|SMH
o 2ghfa ¥/1-24 YVCVW - -|[EICNFLTKRYDALSE KYH
o 2dlga2/1-24 FECP - -|K RNC

m =

CGKCYFRKENLLE

AAA A A A AA

Interactions between residues Hydrophobic core: highly conserved
hydrophobic residues
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Cys2His2 zn finger (Zif268): phosphate contacts

H-bonds to the DNA backbone are the main inespecific contacts

Zif268

Zif268 _phosphates

Structure_cons
Segquence_cons

Part 1 |
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Introduction

AGGGAGT-3’

TCGCA

Methodology

Zn fingers

A

A

>

30 40 50 U o U
- F CCRICMRNFSRSDHLTTH IR T HARRY
---------------- @ @ @ --@B---------------@ -RORORR- -@ - ----
-H-----.. C--C---ccuucann- . C--C--cccceucnnn H---H-
~H-=-=--- YF.C--C-K-YF---- - L H----- YF-C--C-K-YF. . ... L--H---H-
| Zinc finger 1
d1zaac¥/1-25 YACPVE|S|ICDRRFSRSDELTRHIIRIH
d2da2/1-25 FSCPEPAICGKSFNFKKHLKERMKLH
d thhia_/1-25 FLCTAPIGICGQRFTNEDHLAVHKHEKH
o uhdeF-25 FQCTFEGICGKRFSLDFNLRTHVIR I H
dHhoa2/t-25 YHCT - -|[YICNFSFKTKGNLTKHMKAH
dthhoatlt-22 YICE- -|EICG | - RKKPSMLKKH-IRTH
d2dmda2/t-2d HKCE - -|[VICGKCFSRKDKLKTH-|IRCH
d2csha?/1-22 YP-C- -|QICGKSFTHKSQRDRH-|SMH
o 2ghfz /124 YVCV - -|[E[CNFLTKRYDALSEHRNKYH
o2dlga2/1-24 FECP - -[KICGKCYFRKENLLEMNERNC




Cys2His2 zn finger (Zif268): bases contacts

H-bonds between Zn fingers 1-3 and residues are the same but not for Zn finger 2 = different 3 bp binding site

50

Zif268
zZif268_hases
Structure_cons
Seguence_cons

- I|||||Q.7L" -

24
/“ Ak‘ 2 93m -

G }er----- o

/ \"‘\Arg18

\ - 7....--':.?"('){‘2!{ 7'8 ..Ié"s,‘yu
Asp20 ~

h
5’-AGCGTGGGCGT-3’
3’-TCGCACCCGCA-5’

Introduction Methodology Zn fingers
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d1zaac/1-25 YACPVE
o 2dlka2/?-256 FSCPEP
d thhia_7/1-25 FLCTAP
o fuhdc31-25 FQCTF E
d HHoa 2/1-25 YHCT - -
d Hhoat/1-22 Y I CE - -
o 2dmda 2/1-24 HKCE - -
dZesha #/1-22 YP-C- -
d2ghfa 1/1-24 YVCV - -

80
1 1
$$--%-------
-H-
-H-
| Zinc finger 1
S|ICORRFSRSDELTRHI|IRIH
ACGKSFNFKKHLKERMKLH
GICGQRFTNEDHLAVHKHKH
GICGKRFSLDFNLRTHVR I H
CNFSFKTKGNLTKHMKAH
E[CG 1 - RKKPSMLKKH-|RTH
VCGKCFSRKDKLKTH-|RCH
OC6GKSFTHKSQRORHE -|SMH
E[CNFLTKRYDALSEHNKYH
KCGKCYFRKENLLEMERNC

o 2dlgz 2/9-24 FECP - -

bZip

A AA A




Cys2His2 zn finger (Zif268): bases contacts

H-bonds between Zn fingers 1-3 and residues are the same but not for Zn finger 2 = different 3 bp binding site

Zif268
zZif268_hases
Structure_cons
Seguence_cons

Argdbn .

3!|
N 123.77

\I"ll.2~85

His49' Asmms ey

T 43

5’-AGCGTGGGCGT-3’
3’-TCGCACCCGCA-5’

Part 1 | Introduction Methodology Zn fingers

Zinc finger 2

d1zaac2/1-23 FQCR - -
o 1zaac31-23 FACD - -
d2dmda31-23 FKCQ - -
d2cotz 1/1-23 YKCD - -
d2cotz 2/1-23 YKCD - -
o tubdc2/1-25 HVCA - -
o 2dlga 1/1-26 YKCS - -

v mmm - — —

CMRNFSRSDHLTT
CGRKFARSDERKR
CPYASRNSSQLTWV
CGKAF IQRSHLI1G
CGKSFSHSSDLSK
CGKAFVESSKLKR
CSQQFMQKKDLQS

A AA

RTH
KIH
RSH
RVH
RTH

-|LVH

KLH




Final summary

10 20 30 40 50 80 70 80
2i263 HE Y QF FQCR I CMRNFSRSDHLTTH I RTHRRYY
2if263_Fold R I T T I T T Y 'Y S P IO % S R PIR S B -
2if268_phosphates - @ - - o @ - @RR@ - @ @ - @ @ @ @B @ - eReRRR- - @ - - - - -
Zi268_hases = e e e m e §-FF - -F oo § -8 - - - cicaicacaccao-. $-5%--$-------
Stuckie_cons - - - - - - R He o s Heoee e - G--C--c-ncccnn-- He - cHe-mee e R H---H- -
Sequence_cons s - Yff-C----C-KYF-----L--H-=-H-=-=--YF-C--C-K-YF----L--H---H----yF-C--C-K-YF-----L--H---H--

Structural align.
Consensus logo
(59 str)

N/

YKCPF+GCGKAFSRSSNLKRHLRTH

Sequence align.
Consensus logo
(10663 seq)

YKCKFEECGKAFSQSSSLTRHDRIH
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The basic leucine zipper (bZIP) TFs

60-80 amino acids FUNCTIONS: . .
- Mitogenic stimulation

SCOP classification: - Stress response

* Class: h: Coiled coil proteins _Cytokine stimulation
* Fold: h. 1: Parallel coiled-coil - Development

e Superfamily: h.1.3: Leucine zipper domain
* Family: h.1.3.1: Leucine zipper domain

TWO REGIONS: basic (N-ter) and leucine zipper (C-ter)
Different DNA binding sites and dimerization properties
depending on its subfamily

PAR FOS
CREB CNC
HOMODIMERS HETERODIMERS
Oasis large MAF

C/EBP
ATF 2,4
HOMO./HETERO.
JUN
MAF

4

HCF ) y
E.g: C/EBPa . PDBid:INWQ

3’-A T-5’
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The basic leucine zipper (bZIP) TFs

» -»

DB

PROTEIN DATA BANK
e 13 entries bound to DNA

e 277

Part 1 |

Structures superimposed: 7

Discarded—>DNA binding domain:

bHLH or Zn-finger

Prot

hmmer hits (<0.0001)
Sequences aligned: 273
Discarded: those presenting

uniquely homology with the
leucine zipper region)

Introduction

Methodology

Superimposition of the crystalized bZIP domains:
C/EBPa, C/EBPb, C-Fos, C-Jun, CREB, cAMP ATF2

and GCN4.

Zn fingers

bZip

RMSD: 1,34A
Score: 7,96

bHLH

HTH



C/EBPa: dimerisation contacts/fold

Amphypatic helices forming the coiled coil. Leucines and hydrophobic residues in the

core, surrounded by two g-e’ interactions and a interhelical hydrogen bond (N-N)
283 288 293 298 303 308 313 318 323 328 333 338

C/EBFa_rat GSNSNEYRWVRRERNN | AVRKSRDKAKORNVETOOKYLELTSDNDRLRKRVEQOLSRELDTLRG

C/EBPa_fold - ----- H#H---H- BB - - e e # -H#--- --H--BH--HH-- --H--8 --8#-

Sructure_cons = - - - - - - - - - - - - RM--AA-KSR-K-=------- E-K---L---MN--L---%--L-=--------

Segquence_cons = - - - - - - - - - - - - - MR-A----R-R------- LE----- [ e R
312 , 322 . 332

INVETQOKVLELTSONDRLRKRVEQLSRELDTL-RG - - -
IMKQLEDKVEELLSKNYHLENEVARLKKLVGER- - - - - -
(VKSLENRVAVLENONKTLIEELKALKDLYSHK - - - - - -
LIARLEEKVKTLKAQONSELASTANMLREQVAQLK -QKWVM
INLETOHKVLELTAENERLOKKVEQLSRELSTL-RNLFK
.TDTLOAETDOLEDEKSALQTEIANLLKEKEKLE-FILA
YWOSLEKKAEDLSSLNGOLOSEVTLLRNEVAQLKQLLLA

A A AA A A A A A

@efg&]bc@efgh%
ATTR

i+5
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C/EBPa: dimerisation contacts/fold

Amphypatic helices forming the coiled coil. Leucines and hydrophobic residues in the

core, surrounded by two g-e’ interactions and a interhelical hydrogen bond (N-N)
283 288 293 298 303 308 313 318 323 328 333 338

G SN Effil‘i':"l IEE'*?F"Iilfiif'fﬁ'léif.lil.lzi I?.E!I"E'II";I!'I | AVRKSRDKAKOQRNVETQOKWVLELTSDNDRLRKRVEQLSRELDTLRG

C/EBFPa_rat GS

C/EBPa_fold - ----- H#H---H- BB - - e e # -H#--- --H--BH--HH-- --H--8 --8#-

Sructure_cons = - - - - - - - - - - - - RM--AA-KSR-K-=------- E-K---L---MN--L---%--L-=--------

Segquence_cons = - - - - - - - - - - - - - MR-A----R-R------- LE----- [ e R
312 , 322 , 332

NVETOQOKVLELTSONDRLRKRVEQLSRELDTL-RG- - -
MKOQLEDKVEELLSKNYHLENEVARLKKLVGER- - - - - -
VKSLENRVAVLENONKTL IEELKALKDLYSHK - - -« - -
IARLEEKVKTLKAQNSELASTANMLREQVAQLK -QKWVM
NLETOHKVLELTAENERLOKKVEQLSRELSTL -RNLFK
TOTLOAETDOLEDEKSALOQTEIANLLKEKEKLE-FILA
WVOSLEKKAEDLSSLNGOLOSEVTLLRNEVAQLKQLLLA

A A AA A A A A A

@efg&]bc@efgh%
ATTR

i+5
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C/EBPa: dimerisation contacts/fold

Amphypatic helices forming the coiled coil. Leucines and hydrophobic residues in the

core, surrounded by two g-e’ interactions and a interhelical hydrogen bond (N-N)
283 288 293 298 303 308 313 318 323 328 333 338

C/EBPa_rat GSNSNEYRWVRRERNN | AVRKSRDKAKORNVETQOKVLEL TSONDRLRKRVEQLSRELDTLRG
C/EBPa_fold - ----- H---H--BH- - - m e a e e e # F= = ""# ﬂ
Sructure_cons = - - - - - - - - - - - - RN --AA-KSR-K=-===«--- - - . S T
Segquence_ cons = - - - - - - - - - - oo NRE-=AcsssReRecscs sl Escscs sl ssssmcsoesossssesss -
i
, 312 , 322 \ 332 , ,
D: Leu NVETQOKVLELTSDNDRLRKRVEQLSRELDTL-RG- - -
' MKQLEDKVEELLSKNYHLENEVARLKKLVGER- - - - - -
A: hydroph VKSLENRVAVLENQNKTL | EELKALKDLYSHK - - - - - -

IARLEEKVKTLKAQNSELASTANMLREQVAQLK -QKWVM
NLETOHKVLELTAENERLOKKVEQLSRELSTL -RNLFK
TOTLOAETDOQLEDEKSALOQTEIANLLKEKEKLE-FILA
WVOSLEKKAEDLSSLNGOQLOSEVTLLRNEVAQLKOLLLA

A A AA A A A A A

hydrophobic core

@efg{;ﬂbc@efg{éb
AT 7

i+5
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C/EBPa: dimerisation contacts/fold

Amphypatic helices forming the coiled coil. Leucines and hydrophobic residues in the

core, surrounded by two g-e’ interactions and a interhelical hydrogen bond (N-N)
283 288 293 298 303 308 313 318 ,

C/EBPa_rat GSNSNEYRVRRERNN | AVRKSRDKAKORNVETQOOQOKWVLELTS

C/EBPa_fold - - - - - - I . . R I # -&--- --H#--4

Sructure_cons = - - - - - - - - - - - - RN --AA-KSR-K-=-=------ E-K---L--

Sequence cons = - - - - - - - - - - - - - NR-A----R-R------- LE----- L---cccceccccecncccnccca-n-

, 312 , 322 \ 332 , ,

NVETQOKVLELTSDNDRLRKRVEQLSRELDTL-RG- - -
_ MKQLEDKVEELLSKNYHLENEVARLKKLVGER- - - - - -
E: Basic VKSLENRVAVLENONKTL | EELKALKDLYSHK - - - - - -
IlARLEEKVKTLKAONSELASTANMLREOVAQLK -QKVM
NLETQHKVLELTAENERLOKKVEQLSRELSTL-RNLFK
TDTLOAETDOLEDEKSALQTEIANLLKEKEKLE-FILA
"VOSLEKKAEDLSSLNGOLOSEVTLLRNEVAQLKQLLLA

A A AA A A A A A

hydrophobic core

@efg{;ﬂbc@efg{éb
AT 7

i+5
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C/EBPa: dimerisation contacts/fold

Amphypatic helices forming the coiled coil. Leucines and hydrophobic residues in the

core, surrounded by two g-e’ interactions and a interhelical hydrogen bond (N-N)
283 288 293 298 303 308 313 318 ,

C/EBPa_rat GSNSNEYRVRRERNN | AVRKSRDKAKORNVETQOOQOKWVLELTS

C/EBPa_fold - - - - - - I . . R I # -&--- --H#--4

Sructure_cons = - - - - - - - - - - - - RN --AA-KSR-K-=-=------ E-K---L--

Sequence cons = - - - - - - - - - - - - - NR-A----R-R------- LE----- L---cccceccccecncccnccca-n-

. 312 , 322 . 332 , ,

NVETOQOKVLELTSONDRLRKRVEQLSRELDTL-RG- - -
MKOQLEDKVEELLSKNYHLENEVARLKKLVGER- - - - - -
VKSLENRVAVLENONKTL IEELKALKDLYSHK - - -« - -
IARLEEKVKTLKAQNSELASTANMLREQVAQLK -QKWVM
NLETOHKVLELTAENERLOKKVEQLSRELSTL -RNLFK
TOTLOAETDOQLEDEKSALOQTEIANLLKEKEKLE-FILA
WVOSLEKKAEDLSSLNGOQLOSEVTLLRNEVAQLKOLLLA

A A AA A A A A A

hydrophobic core

@efg{;ﬂbc@efg{éb
AT 7

i+5
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C/EBPa: dimerisation contacts/fold

Amphypatic helices forming the coiled coil. Leucines and hydrophobic residues in the
core, surrounded by two g-e’ interactions and a interhelical hydrogen bond (N- N)

C/EBFP3_rat
C/EBFa_fold
Sructure_cons
Seguence _cons

D: Leu
A: hydroph

E: Basic

328

SNSNEYRWRRERNN | AVRKSRD K LEiTS K RM QiSR HB

283 288 293 298 303 308 313
------ #---#--##------------- -
------------ RN--AA-KSR-K--------E-K--
------------- NE=f====R=R=ss====LE====:=

Introduction

hydrophobic core

@e fi{aﬂb c@e fg{glb

A

i+5

. 312 . 322 . 332 .
INVETQOKVLELTSONDRLRKRVEQLSRELDTL - RG -
IMKQLEDKVEELLSKNYHLENEVARLKKLVGER- - - - - -
(VKSLENRVAVLENONKTL | EELKALKDLYSHK - - - - - -
UIARLEEKVKTLKAQNSELASTANMLREQVAQLK -QKVM
INLETOHKVLELTAENERLOKKVEQLSRELSTL-RNLFK
.TDTLOAETDOLEDEKSALQTEIANLLKEKEKLE-FILA
VWOSLEKKAEDLSSLNGOLOSEVTLLRNEVAQLKOLLLA

A A AA A A A A A
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C/EBPa: dimerisation contacts/fold

Amphypatic helices forming the coiled coil. Leucines and hydrophobic residues in the
core, surrounded by two g-e’ interactions and a interhelical hydrogen bond (N- N)

283 288 293 298 303 308 313 318 328 333
C/EBPa_rat GSNSNEYRVRRERNN | AVRKSRDKAKQ LELTSH El% KRWVEQL SR
C/EBP3 fold - - - - - - Hoo o H - - HH - - - e e eeeaaaan SH - - I N 1 PP P P S PV

Sructure_cons = - - - - - - - - - - - - RM--AA-KSR-K-=------- E-K---L---MN--L---%--L---------
Segquence_cons = - - - - - - - - - - - - - MR-A----R-R------- LE----- [ e R

. 312 . 322 . 332 .
INVETQOKVLELTSONDRLRKRVEQLSRELDTL - RG -
IMKQLEDKVEELLSKNYHLENEVARLKKLVGER- - - - - -
(VKSLENRVAVLENONKTL | EELKALKDLYSHK - - - - - -
UIARLEEKVKTLKAQNSELASTANMLREQVAQLK -QKVM

INLETOHKVLELTAENERLOKKVEQLSRELSTL-RNLFK
.TDTLOQAETDOQLEDEKSALOQTEIANLLKEKEKLE-FILA
YWOSLEKKAEDLSSLNGOLOSEVTLLRNEVAQLKQLLLA

A A AA AL A A A A
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C/EBPa: dimerisation contacts/fold

The protein-DNA interface is stabilized by interactions between side chains of basic
region aminoacids

283 288 293 298 303 308 313 318 323 328 333 338

1 [ 1
C/EBFa_rat SNSNEYRWVRRERNN | AVRKSRDKAKQR 0 C DNDRLRKFR 0 R = R
C/EBPs _fold - - - - - - I T P e P B -H- o - H--HHE--HHE-- --H--# --BE-
Sructure_cons = - - - - - - - - - - - - RM--AA-KSR-K-=------- E-K---L---MN--L---%--L-=--------
Segquence_cons = - - - - - - - - - - - - - NR-A----R-R------- LE----- [ e R

280 296 292 297 302

C/EBFalf3/2-60 N---SNEYRVRRERNN I AVRKSRDKAKQR
GCN#2-55 = -~ ----- PAALKRARNTEAARRSRARKLOR
CREBA-55 3 - ----- KREVRLMKNREAARESRRKKKEY

C-JUNR-57 = = e e e e RKRMRNR | AASKSRKRKLER

C/EBFheta2-65 -DKHSDEYK I RRERNN I AVRKSRDKAKMR

C-FOS2-60 - - - .- - KRRIRRERNKMAAAKSRNRRREL

CAMP_ATF2/2-62 === - - - Kl:RKFAL ERI:RAAASRS QKRKWVW
A

= Asn§93
Asn292.‘

Introduction Methodology Zn fingers bZip bHLH HTH



C/EBPa: phosphate contacts

Most non-specific contacts are hydrogen bonds between phosphates and either basic or

polar aminoacids.
283 288 293 298 303 308 313 318 323 328 333 338

C/EEFPa_rat GSMNSH ‘II YR I .RERNN | AWVRKSRDKAKORNVETOOKWVLELTSDNDRLRKRWVEQLSRELDTLRG
C,-'ESPa_phosphates ------ EE----@-@-- -G - - - - === == = e e e e e et e e e e e e e e e .-
Sructure_cons 0 - - - - - - - - - - - - RM--AA-KSR-K
Segquence_cons = - - - - - - - - - - - - - NR-A----R-R

280 296 292 297 302

C/EBFPaIfa/1-60 N---SNEYRVRRERNN I AVYRKSRDKAKQRD
GCW4AR-55 - - - PAALKRARNTEAARRSRARKLQR!
CREBAA-55 =« --- KREVRLMKNREAARESRRKKKEY\
CjUNR-57 = e e eeea RKRMRNR | AASKSRKRKLER
C/EBFPheta2-65 -DKHSDEYK I RRERNN | AYVRKSRDKAKMRD
C-FOSA-60 - - KRRIRRERNMKMAAAKSRNRRREL"
CAMP ATF2/1-61 - - - - - - KRRKFLERNRAAASRSROKRKWW

A AA

5’-TATTGCGCAATA-3’
*.3’.aTAACGCGTTAT:5’
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C/EBPa: phosphate contacts

Most non-specific contacts are hydrogen bonds between phosphates and either basic or

polar aminoacids.
283 288 293 298 303 308 313 318 323 328 333 338

1 1
C/EBPa_rat GSNSNEYRVRRERNN I AVRKSRDKAKQ
C/EBFa_phosphates - - - - - - CX- - - -@-@- - -@@@- - ----=--=--=---c- -ttt st s s s s s s e s -
Sructure_cons - - - - - - - - - - - - RN - -AA-KSR-K-=-------
Sequence_cons = - - - - - - - - - - - - NR-A----R-R-=--=-=---

280 296 292 297 302

C/EBPaIfa2-60 N---SNEYRVRRERNNIAVRKSRDKAKQRD
GCN#2-55 = -~ ----- PAALKRARNTEAARRSRARKLOQORYD
CREBA-55 3 - ----- KREVRLMKNREAARESRRKKKEY?
C-JUNR-57 = = e e e e RKRMRNR | AASKSRKRKLER
C/EBPheta1-65 -DKHSDEYKIRRERNN | AVRKSRDKAKMRP
C-FOS2-60 - - - - - - KRRIRRERNKMAAAKSRNRRREL"
CAMP_ATF2/2-62 === - - - KRRKFLERNRAAASRSROKRK VW
AA A A

S’O/ATTG CGCAAT-3’

3’-TAACGCGTTA-5’
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C/EBPa: phosphate contacts

Most non-specific contacts are hydrogen bonds between phosphates and either basic or

polar aminoacids.
283 288 293 298 &03 308 313 318 323 328 333 338

1 1
C/EBFPa_rat GSNSNEYRWRRERNN | AVR
C/EBPa_phosphates - - - - - - CR- - - -@-@- - -
Sructure_cons 0 - - - - - - - - - - - - RM--AA-KSR-K
Segquence_cons = - - - - - - - - - - - - - NR-A----R-R

280 296 292 297 302

C/EBPaIfa2-60 N---SNEYRVRRERNNIAVRKSRDKAKQRD
GCN#2-55 = -~ ----- PAALKRARNTEAARRSRARKLOQORYD
CREBA-55 3 - ----- KREVRLMKNREAARESRRKKKEY?
C-JUNR-57 = = e e e e RKRMRNR | AASKSRKRKLER
C/EBPheta1-65 -DKHSDEYKIRRERNN | AVRKSRDKAKMRP
C-FOS2-60 - - - - - - KRRIRRERNKMAAAKSRNRRREL"
CAMP_ATF2/2-62 === - - - KRRKFLERNRAAASRSROKRK VW
AA A A

S’O/ATTG CGCAAT-3’

3’-TAACGCGTTA-5’
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C/EBPa: base contacts

The invariant Asn292 is involved in two specific base contacts, while Ser299, Ala295 and Val296
make VDW contacts with T-4.

283 288
C/EBPa _rat GSNSNEYRVRRERNN | AVR
C/EBP3_bases = - - - ===« --

Structure_cons = - - - - = - - - - - - -
Sequence CoNs = - - = = = = = = = = = = =

313 318 323 328 333 338

308

280 296 292 297 302

C/EBPaIfa2-60 N---SNEYRVRRERNNIAVRKSRDKAKQRD
GCN#2-55 = -~ ----- PAALKRARNTEAARRSRARKLOQORYD
CREBA-55 3 - ----- KREVRLMKNREAARESRRKKKEY?
C-JUNR-57 = = e e e e RKRMRNR | AASKSRKRKLER
C/EBPheta1-65 -DKHSDEYKIRRERNN | AVRKSRDKAKMRP
C-FOS2-60 - - - - - - KRRIRRERNKMAAAKSRNRRREL"
CAMP_ATF2/2-62 === - - - KRRKFLERNRAAASRSROKRK VW
A A AA A

Ser299

\/al'296 :
@
Asn 292% A

SN, X
)

»

¥5’-ATTGCGCAAT-3’
'3’-TAACGCGTTA-5’

Part 1 | Introduction Methodology Zn fingers HTH



C/EBPa: base contacts

Important electrostatic interactions of Arg300, invariant among bZIP.
Val 296 gives DNA binding specificity for the C/EBP subfamily.

283 288 293 298 303 308 313 318 323 328 333 338

C/EBPa_rat GSNSNEYRVRRERNNIAVRKSRDKAKQR

C/EBP3_bases - ---=-==--- I T T T T R U P
Sructure_cons = - - - - - - - - - - - - RN - -AA-KSR-K-=-=------ E-K---L-=--N--L---¥V--lL-w---o-o---
Segquence_cons = - - - - - - - - - - - - - NR-A----R-R-=-=-=--- LE----- L-----------------.-.-.-.-.-.

280 296 292 297 302

C/EBFPaIfa/1-60 N---SNEYRVRRERNN I AVYRKSRDKAKQRD
GCW4AR-55 - - - PAALKRARNTEAARRSRARKLQR!
CREBAA-55 =« --- KREVRLMKNREAARESRRKKKEY\
CjUNR-57 = e e eeea RKRMRNR | AASKSRKRKLER
C/EBFPheta2-65 -DKHSDEYK I RRERNN | AYVRKSRDKAKMRD
C-FOSA-60 - - KRRIRRERNMKMAAAKSRNRRREL"
CAMP ATF2/1-61 - - - - - - KRRKFLERNRAAASRSROKRKWW

A A

5’-ATTGCGICAAT-3’
3’-TAACGCGITTA-5’
T
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C/EBPa: base contacts

Important electrostatic interactions of Arg300, invariant among bZIP.
Val 296 gives DNA binding specificity for the C/EBP subfamily.

283 288 293 298 303 308 313 318 323 328 333 338

C/EBPa_rat GSNSNEYRVRRERNNIAVRKSRDKAKQR

C/EBP3_bases - ---=-==--- I T T T T R U P
Sructure_cons = - - - - - - - - - - - - RN - -AA-KSR-K-=-=------ E-K---L-=--N--L---¥V--lL-w---o-o---
Segquence_cons = - - - - - - - - - - - - - NR-A----R-R-=-=-=--- LE----- L-----------------.-.-.-.-.-.

280 296 292 297 302

C/EBFPaIfa/1-60 N---SNEYRVRRERNN I AVYRKSRDKAKQRD
GCW4AR-55 - - - PAALKRARNTEAARRSRARKLQR!
CREBAA-55 =« --- KREVRLMKNREAARESRRKKKEY\
CjUNR-57 = e e eeea RKRMRNR | AASKSRKRKLER
C/EBFPheta2-65 -DKHSDEYK I RRERNN | AYVRKSRDKAKMRD
C-FOSA-60 - - KRRIRRERNMKMAAAKSRNRRREL"
CAMP ATF2/1-61 - - - - - - KRRKFLERNRAAASRSROKRKWW

A A

5’-ATTGCGICAAT-3’
3’-TAACGCGITTA-5’
T
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bZIP: final summary

283 288 293 298 303 308 313 318 323 328 333 338

1 | 1 | 1
C/EBP3_rat GSNSNEYRWVRRERNN | AVRKSRDKAKORNVETOOKWVLELTSDNDRLRKRVEQLSRELDTLRG
C/EBPa_fold - - - - - - H-- - BB - - - - m - - # -H#--- --H--BE--HHE-- --H--& --8BHE-
C/EBP3_phosphates - - - - - - @E----@-@---@E@- - - - - - - - - m - e e e e e e e e e e e e e e e e - -
C/EBP3_hases = - - - - - -~ F--F--FF--FF------ ettt ettt sttt e ettt e e s e m s -
Sructure_cons 0 - - - = - - - - - - - - RM--AA-KSR-K-=------- E-K---L-=--N--L---V--L---------
Seguence_cCons = - - - - - - - - - - - - - NR-A----R-R-=-=-=---- LE----- L----cccsecceesccce s ae=-

Structural align.
Consensus logo
(7 str)

----5-KRR+RRERNRIAARKSRDKKKER+K+LE -KWV+EL+ LLA

Sequence align.
Consensus logo
(273 seq)

EEEEKRRRRRERNREAARKCRKI-{KE‘T’IDELEE+VEELEAENSELQKEIEELKKEVAQLKQQVM
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The basic-helix—loop-helix (bHLH) TFs

60 amino acids

SCOP classification:

* C(Class a: all alpha

* Fold: a.38: HLH-like

e Superfamily: a.38.1: HLH, helix-loop-helix DNA-binding domain
* Family: a.38.1.1: HLH, helix-loop-helix DNA-binding domain

Dimerisation: Homo/heterodimers
“Classical” binding site: E-box: 5'-CANNTG-3’

TFs with bHLH domain may have other domains:
e.g. Zip: dimerization

Functions (mammals):

* Development: MyoD, NeuroD

e Cell cycle (cancer): Myc

e Other: circadian clock control: Clock, BMAL1

Methodology Zn fingers

Part 1 | Introduction

v

L

4\\1\4 4

~
-

4 5
NN

o e
.&‘ .

' 4

E.g: MyoD (PDBid: 1MDY)

bZip

HTH




The basic-helix—loop-helix (bHLH) TFs

» -»

DB

PROTEIN DATA BANK
e 11 entries bound to DNA

Structures superimposed (non-redundant): 11

Prdt

 PFAM: HLH (PFO0010)
* Hmmsearch hits: 645 (E-value <0.0001)

RMSD: 2.08A
Sequences aligned: 619 Score: 5.44
(ID family, which lacks basic region
and doesn’t bind DNA Superimposition of the crystalized bHLH domains

was discarded).
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MyoD (bHLH domain): structure

5’-CAGCTG-3’
3'-GTCGAC-5’
bHLH (residues 108-166): MyoD preferred binding site:
- : DNA binding (major groove) 5’-CAGCTG-3’
-H1, , : dimerisation Each monomer does the same

interactions (symmetry).

Part 1 | Introduction Methodology Zn fingers bZip HTH



MyoD: dimerisation contacts/fold

The dimer is stabilised by packing interactions (VDW) and the hydrophobic effect.
Hydrophobic side-chains of H1 and H2 are importantly involved in these contacts.

1.10 120 1|30 1'40 1|50 1|60
MyoD_mouse ADRRKAATMRERRRLSKV (
MyoD fold| @ —=-=---cccccucuea-- ##—-## HH--FH--m == FE- - FH-FH-FH--FH-FHF--
Structure_cons ~-==R=-=-==-=- ER-R=-==-j/lr==l/F=Lemmflmm e === == ~K-=-HL=-=-A-=-=-] -
Sequence_cons ------=-=---= ER-Recc]ecccfFeclacalVfrecaa- Ke=K==-THl S ~=-=-- |eccccccm
_basic | - H2 ]
myoo_mouse  ADRBKAATMRRRRLSKVNEAFETLKR--S----TS[KVEILRNAIRY I EGLQAL-L-RD-
PHO4_YEAST ~-MKRIESHKHABQARRNR LAVALHELAS--LIPAEWKKATTVEAACRY IRHLQ-QNG-ST-
E47_MOUSE - -RRIMANNARJBRVRVRD INEAFRELGRMCQL-H-L-|[KLLILQQAVQVILGLEQQVRE---

NEURODI_MOUSE - SRREMKANARBRNRMHGLNAALDNLRKV--V-~--PCKIETLRLAKNY IWALSEILRS-~-~
BMALI_HUMAN KNAREAHSQI@BKRRRDKMNSFIDELASL--VPT-CNKLTVLRMAVQHMKTLR-GCGA~-~-~-~-~
CLOCK_HUMAN KAKRVSRNKSBKKRRDQFNVLIKELGSM--LP---CGKSTVLQKSIDFLRKHKEITAWLEH
USF_HUMAN KR-BRAQHNEVRRRRDK I NNWIVQLSK-~-11--PD-|KGGILSKASDYIQELRQSNHR~-~~
MAD_HUMAN -~ SRSTHNEMBKNRRAHLRLSLEKLKGL--VP~-~-LGTLSLLTKAKLHIKKLEDSDRKAV-
MAX_HUMAN ADKRAHHNALBRKRRDHIKDSFHSLRD-~-SVP~-~-SLRAQILDKATEY IQYMRRKN=- -~~~
MYC_HUMAN NVKRRTHNVLEBRQRRNELKRSFFALRDQ-~-I1PE-~-LKVVILKKATAYI|LSVQAEEQK- -~
SREBPIA_HUMAN GEKRTAHNAIBKRYRSSINDKIIELKDL-~-~-~~~ VVIKSAVLRKAIDY IRFLQHSNQK- -~
AA AA AA A A AA AA AAAA AA A A

green/white/blue:interfacing residues according to Longo et al, colored by residue type.
red:additional interfacing residues according to Pisa (Thr136, Alal53)
yellow: Conserved lle. Interfacing residue in other bHLH. Not explicitated as interfacing residue in MyoD.
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MyoD: phosphate contacts

Most non-specific contacts are electrostatic interactions between phosphates and arginines
of the basic region .

110 130 140 150 160
| 1 I 1 | 1 | 1
MyoD_mouse !
MyoD_phosphates - - (@ au— --@-@-@-@----@-=-=-==-=-=-cccce--- R () R
Structure_cons ce=Receccaa ER Reeeolfie=dffeeleccccccccccaa Kee|lecAcea|ecccccaaa
Sequence_cons ---------- ER-Re-=cc|cccfFec]lccaVecnaaa KeeKeellLeecee=- |eccccccaa
MYOD_MOUSE RRRLSKVNEAFETEKR--S----TSSN-------~-- PNQRLPKV
MK ARRNRLAVALHELAS--LIPAEWK-QQNV~-~-~-~-~ S--AAPSKA
- RVRVRDINEAFRELGRMCQL-H-L-===memee=—- K--AQTKL
_MOUSE - SR RNRMHGLNAALDNLRKV==V=-==PCYS=======-- KTQKLSK |
BMAL1_HUMAN KRRRDKMNSFIDELASL--VPT-CNA====-=-~-- MSRKLDKL
LOCK_HUMAN KAK KKRRDQFNVLIKELGSM=-=LP~-==CN-=======~~ A-RKMDKS
KR- RRRRDK I NNWIVQLSK==11-=PD~=-~~- SSMEST--KSGQSKG
- - KNRRAHLRLSLEKLKGL==VP==LG=P=======-~- DSSRHTTL
ADK RKRRDHIKDSFHSLRD-=SVP==SL-Qe==n===--- GEKASRA
a NVK RQRRNELKRSFFALRDQ--IPE-~-LE--~--=~-=~~~ NNEKAPKV
REBPIA_HUMAN GCEKRITAHNAIBKRYRSSINDKIIELKDL-=~~~~ VV=-Gremeeenw- TEAKLNKS

N .
1\‘7\4 A

>3
<
»

Y .
" 4

-

' 4

5’-TCAACAGCTGTT-3’
3’-AGTTGTCGACTT-5’

P::~
p s

Q&‘

Part 1 | Introduction Methodology Zn fingers bZip HTH



MyoD: phosphate contacts

Residues outside the basic region also contact phosphates.

110 120 130 140 160
| 1 | 1 1 1 1 1 1
MyoD_mouse ADF AATMRERRRLS -‘ l
MyoD_phosphates - -@@- - -@-@-@-@----{@--=-=-=-======== === ) T 1 Y
Structure_cons -==-R=-===-=-- ER-R-=={/l===I/fF~=L====c e e e = = Keas | LloecAccae |cccccacaaa
Sequence_cons ---------- ER-R-=-=]=-=-=F-cle=aVeocaaa- G T T S
MYOD_MOUSE RRRLSKVNEAFETLKR--S----TSSN-------=--
PHO4_YEAST - MK ARRNRLAVALHELAS--LIPAEWK-QQNV---- - S--AAPSKA
47_MOUSE --R RVRVRD INEAFRELGRMCQL-H=- L= nmmmmmmmm-
NEURODI_MOUSE - SR RNRMHGLNAALDNLRKV--V==-PCYS=nnmmmmm-
BMALI_HUMAN K NA KRRRDKMNSFIDELASL--VPT-CNA=-===-=--
LOCK_HUMAN K AK KKRRDQFNVLIKELGSM==LP===GN===nn===--
KR - RRRRDK | NNWIVQLSK--11--PD SSMEST--KSGQSKG
: : KNRRAHLRLSLEKLKGL-~VP-=LG-Pommmmmm--
N _HUI RKRRDHIKDSFHSLRD-~SVP-=SL-Qen-mmmmmm--
_HUI RQRRNELKRSFFALRDQ-~ [PE-=LE==n===--
NLySl46 REBP1A_HUMAN KRYRS S INDKI | ELKDL- -~ -~-VV-G-=-----

N

p r Illlnllulfn._ N

"4‘73

5 TCAACAGCTGTT-3' =
3. AGTTGTCGACTT-5'

Part 1 | Introduction Methodology Zn fingers bZip

A

¥
.\‘1\4 A

2
N

=N
-
" 4

0‘“

HTH

PNQRLPKYV

K--AQTKL
KTQKLSKI
MSRKLDKL
A-RKMDKS

DSSRHTTL
GEKASRA
NNEKAPKYV
TEAKLNKS



MyoD_mouse
MyoD_bases
Structure_cons
Sequence_cons

Part 1 |

110

ADR R K A :,r"]*.frﬁ‘:._ RRLSKV
e e § -

o

MyoD: base contacts

Argll11, Thr115 and Glu118 are responsible for sequence-specific contacts with the bases.
No direct contacts are observed with the two central bases.

120 130 140 150 160
ER-R-=={/l===|/f~=L===ccccacaaa- Ke=lL-=A==c]occcaccaa-
ER-R=-==]===Fecl=caVacaaa- K-=K==lL=====- [ ypp——

MYOD_MOUSE
PHO4_YEAST

Introduction

Methodology

Zn fingers

£47_MOUSE
NEUROD1_MOUSE -
BMAL1_HUMAN
CLOCK_HUMAN
USF_HUMAN
MAD_HUMAN
MAX_HUMAN
MYC_HUMAN
SREBPIA_HUMAN GEK

bZip HTH



MyoD_mouse
MyoD_bases
Structure_cons
Sequence_cons

Part 1 |

MyoD: base contacts

Argll11, Thr115 and Glu118 are responsible for sequence-specific contacts with the bases. No
direct contacts are observed with the two central bases.

120

RRR LS|

1'30

ER-R-==ffl===lff~=Le==ccccccaaa-

ER-R--=-l-==-F==-L-=--V

5’-TCAACAGCTGTT-3’
3’-AGTTGTCGACTT-5’

Introduction

Methodology

Zn fingers

MYOD_MOUSE
PHO4_YEAST
E47 MOUSE
NEUROD1_MOUSE -
BMAL1_HUMAN
CLOCK_HUMAN
USE_HUMAN
MAD_HUMAN
MAX_HUMAN
MYC_HUMAN
SREBPIA_HUMAN GEK

bZip HTH



The importance of sequence

A specific amino acid sequence determines a specific DNA myoo moust RDR

binding site. ETMOUSE  -oR RVRVRDI
Arg—>Tyr: change in the conformation of Glu due to loss of EMACT Hinale KA BN e e
a salt-bridge. TR IR

KNRRAHL
RKRRDH I
RQRRNEL
KRYRSS I
A A A

MAD_HUMAN --S
MAX_HUMAN ADK
MYC_HUMAN NVK
SREBPIA_HUMAN GEK

VIR ||5'-CAGCTG

S5V | | Canonical E-box: CACGTG

=MV [ | StRE—5’ -BPYCACNCCAPy-3’
(B: anything except T, Py:pyrimidine)
e.g.: 5" -ATCACCCCAC-3

1\‘7\4 A

= 2 -
= ‘Jg
-l q‘\‘

’ F
N
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MyoD_mouse
MyoD_bases
MyoD_strcons
MyoD_seqcons

Part 1 |

Introduction

MyoD: base contacts

Argll11, Thr115 and Glu118 are responsible for sequence-specific contacts with the bases. No
direct contacts are observed with the two central bases.

Methodology

110 120 130 140
|_ _B| _fl_f MEB __ RRI Y
- - -l§l---[s]--§
ce=Re=c=a- ER-R-== -=- .- Y/ IV
---------- ER-R-==]===Fecl=caVeocaa-

Zn fingers

150
1 I 1
—--K--1L--A---1|
K--K-=lL=-===-- |
MYOD _MOUSE ADR
PHO4_YEAST - MK

E47 MOUSE
NEUROD1_MOUSE -
BMAL1_HUMAN
CLOCK_HUMAN
USF_HUMAN
MAD_HUMAN
MAX_HUMAN
MYC_HUMAN
SREBPIA_HUMAN GEK

bZip

HTH



The importance of sequence

Conservation at one position does not always imply same structure/function. Surrounding

residues matter!
110 120 130 140 150 160

MyoD_mouse

MyoD_phosphates - -@@)- - -@-@-@-@----@--=-=-=-=-========== Q=@ cccccccccccccccaa
MyoD_bases ceaece jeejecccccc s s s s s s cc s s s s s s s s s s s s s s s s s s s s cccccccccaaa
MyoD_strcons ---R ER-R---l/l-=-lfF--L-----ceceeeo K-=-lL--A---l---------
MyoD_seqcons  ---------- ER-R-==]ecccfeclecaVecnaaa KeeKee]leceaaa

MYOD MOUSE ADRRKAATMR
PHO4_YEAST
E47 MOUSE
NEUROD1_MOUSE -
BMALI_HUMAN
CLOCK_HUMAN
USE_HUMAN
MAD_HUMAN
MAX_HUMAN
MYC_HUMAN

3 .
1\‘7\4 A

)
-
S\

Y .
" 4

-

o =7
p s
" 4
¢

Q&‘
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bHLH: final summary

N eI A DR R KAATMR ERRR LS K --E----f] --------- -M-
MyoD fold —————---———————-#v’r‘——v’r‘v'r‘ R i e I b R IR R . it e e e
MyoD _phosphates - -@@~---@-@-@-@----@- === ;e cm e m e m e e mmm— - - - @ -@- =~ mmemmmem e ————————-
MyoD _bases R T T g g g g g g g g g
Structure_cons ~==Rew--e- A R R | S R Kem [ Lo =A== | mmmmomom oo s
Sequence_cons ~-------~--~ ER-R-==|=-==Feelemeemme=- I (Y QU I [ —— S

Structural align.
Consensus logo
(11 str)

Sequence align.
Consensus logo
(619 seq) :

PNKKLSKAEfLRLAIEYTKSLQRQLLELDEE

KDRRRAHNARERRRROK INEAFEELRDLVPT#LS

HTH
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The helix turn helix (HTH) TFs

60 amino acids Loop ‘ B .:Heliiz
SCOP classification: ~ "

- %  Turn
*Class a: all alpha > ._( ., ‘i
° . . _hi . _ . X ‘ .

Fold: a.4: DNA/RNA-binding 3-helical bundle Helix 34~ .

*Superfamily: a.4.1: Homeodomain-like B . Helix1

3

*Family: a.4.1.1: Homeodomain N-Ter

5’-GAAAGCCATTAGAG-3’
3’-CTT TCGGTAATCTC-5’
E.g: Antennapedia homeodomain. PDBid 9ANT

DNA binding site: preference for 5’-ATTA-3".
In vivo cooperative binding gives them the specificity they need
Tandemly arranged DNA binding domains: POU, ZnF, LeuZ

Functions:
 Embrionic axial patterning (Antennapedia, Engrailed, Bicoid)
* Pluripotency manteinance (NANOG)

Part 1 | Introduction Methodology Zn fingers bZip HTH



SLQP

STRUCTURAL CI.ASSI!"I(:ATI()NTOF PROTEINS

*41 protein domains (65 structures)

Superimposition of 39 domain

coordinates files from SCOP
(two sequences with a large
insertion were removed)

Prdt

*Pfam Homeobox (PFO0046)
*hmmsearch hits (E-value<0.0001)

Sequences aligned: 1613 fragments

Part 1 | Introduction Methodology Zn fingers bZip HTH




Antp: Hydrophobic core

10 20 30 40 50

) J ) ) — — J J !

Antp_Dmel ----RQTYT NRAMMERRRR | E | AHALKSYRN en

Antp_Fold - - - oo .. e - - H#---- - - N " Y

Structure_cons =~ - - - - - - - - - - - - - - - L---F----YPS------ LA--L-L----1--WF-N-R-K-----

Sequence_cons - - - - - - - - - - - - - - - ---- F----- P------- LA--L-L----¥-IWF-N-R-------
Santh/1-56 ROITYTRYOTLELEKEFHNRYLITRRRRIEIAHALSLTERQ I K IWFQNRRMKWK - K|
2cra/1-58 RIPYSKGOLRELEREYANKF I[TKDKRRKISAATSLSERQITIMWFONRRVIKE - KK
2pufaR-77 RCPYTKHOTLELEKEFLNMYLITRDRRYEVARLLNLTERQOVK IWFONRRMKM - KK
2elo/2-57 OVIRFSNDOTIELEKKFEQKYLSPPERKRLAKMLOLSERQVK TWFONRRAKW - RR)
1x2n/1-62 RGNVLPKHATNVMRSWLFHPYPITEDEKKO l AAQTNLTLLOVNNWE INARRR I -LO
1h723/2-68 RTNFTTIROLTELEKEFHNKYLISRARRVEIAATLELNETOVK IWFONRRMKQ - KK
2akhaj2-49 --[- 1 SPIOARAFLEEVFRKOSLINSKEKEEVAKKCGITPLOWVR F INKRMRS - - -
1h8ih2-58 RRINFSKQASEILNEYFYNPYP[SEEAKEELARKCG I TVSQWVSNWFGNKR I|IRY - KK
20kx2-60 RTHFTSIOCOLOELEATFONRYPDMSTREE | AVWTNLTEARYVRVWF KNRRAKW - RK
1h8ia1-62 ROITYTRYQTLELEKEFHNHYLITRRRRIEMAHALSLTERQ IK IMWFONRRMKL - KK
2f1ia/2-65 RTTFSASOLDELERAFETOYPDIYTREELAQRTNLTEARIQWVWFONRRARL - RK|
oct/2-60 RTISIETNIRVALEKSFLNQKPTSEEI TMIADOLNMEKEY IR FCNRROIKEK - R
Shddhi2-56 RTAFSSEQLARLKREFNNRYLITERRROQOLSSELGLNEAQIK I IMFONKRAK I K -K
3hdda/1-55 RTAFSSEQLARLKREFNNRYLITERRROQLSSELGLNEAQ I KIWFONKRAK | K -K
2ig7/2-58 RTPFTTAQLLALERKFRKQYL|S | AERAEFSSSLSLTETOVK IWFONRRAKAK - R
2jgga/1-57 RTAF TRDOOLGRLEKEFYENYWSRPRRCELAAQLNLPEST I KVWFONRRMKDK - R
2iggh2-57 RTAFTRDOLGRLEKEFYENYWSRPRRCELAAQLNLPEST | KVMWFONRRMKDK - R
2§j1hi2-58 RTITFSASOLDELERAFETOYPDIYTREELAQRTNLTEARIQVWFONRRARLR - K|
2fjic/2-59 RTITFSASOLDELERAFE[TOYPDIYTREELAOCRTNLTEARIQOVWFONRRARLR -K
13u73/2-58 RTITISI|AAKDALERHFGHSKPISSQE IMRMAEELNLEKEVVR FCNRROREKR
23u7hi2-58 RTTISI|AAKDALERHFGHSKPSSOE IMRMAEELNLEKEWVWVR FCNRROREKR
2aplc/2-59 GHRF TKIENVRILESWFANPYLDTKGLENLMKNTSLSRIQ | KNWWVSNRRRKE - - K
13pld/1-58 GHRF TKIENYRILESWFANPYLDTKGLENLMKNTSLSRIQ | KNMYVSNRRRKE - - K

A

Hydrophobic core: Leul6, Phe20, lle34,
Leu38, lle45, Trp48, Phe4d9

5’-GAAAGCCATTAGAG-3’
3’-CTT TCGGTAATCTC-5’

oduction Methodology Zn fingers bZip HTH




Antp: Phosphate contacts

10 2|0 30 -4}0 5|0
Antp_Dmel L F NRY L TRIIIZEN-SWNFNNS | T | /it F en
Antp_phosphates - - - {@-@- - - ------------- @e-@- -@----------1@D- ----- - -i@- - - - -
Structure_cons L---F----¥YPS------ LA--L-L----1--WF-N-R-K-----
Sequence_cons F----- P------- LA--L-L----¥V-IWF-N-R-------

Santh/1-56 ROITYTRYQTLELEKEFHNRYLITRRRRIEIAHALSLTERQIKI MKWK - K|
2cra/1-58 RIPYSKGOLRELEREYANKF I[TKDKRRKISAATSLSERQITI KE - KK
2pufaR-77 RCPYTKHQTLELEKEFLNMYLTRDRRYEVARLLNLTERQVKI KM - KK
2elof1-57 OVRFSNDOTIELEKKFEQKYLISPPERKRLAKMLOLSERQWVKT AKW - R R
1x2n/1-62 RGVLPKHATNVMRSWLFHPYPTEDEKKO | AAQTNLTLLOWVNN RIR | - LO|
1h723/2-68 RTNFTTROLTELEKEFHNKYLSRARRVE I AATLELNETOWVKI MKQ - KK|
2akhaj2-49 --[- 1 SPIOARAFLEEVFRKOSLINSKEKEEVAKKCGITPLOWVR MRS - - -
1h8ih2-58 RRMFSKQASEILNEYFYNPYPISEEAKEELARKCGITVSQWVSEN IHRY - KK
20kx2-60 RTHFTSICOLOELEATFONRYPDMSTREE | AVWTNLTEARVR AKW - RK
1h8ia1-62 ROITYTRYQTLELEKEFHNHYLTRRRRIEMAHALSLTERQIKI KL - KK
2f1ia/2-65 RTTFSASOLDELERAFETOYPDIYTREELAOQRTNLTEARIQ ARL - RK
1oct2-60 RTISIETNIRVALEKSFLNQKPTSEEI TMIADOLNMEKEY IR O[KEK - R
Shddhi2-56 RTAFSSEQLARLKREFNNRYLTERRROOLSSELGLNEAQIKI AK T K -K
3hdda/1-55 RTAFSSEQLARLKREFNNRYLITERRROOLSSELGLNEAQIKI AK T K -K
2ig7/1-58 RTPFTTAQLLALERKFRKQYL|S| AERAEFSSSLSLTETOWVKI AKAK - R
2jgga/1-57 RTAFTRDOLGRLEKEFYENYWSRPRRCELAAQLNLPESTIK MKDK - R
2iggh2-57 RTAFTRDOLGRLEKEFYENYWSRPRRCELAAQLNLPESTIK MKDK - R
2§j1hi2-58 RT[TFSASQOLDELERAFETOYPDIYTREELAQRTNLTEARI QW ARLR - K
2fjic/2-59 RTTFSASQOLDELERAFETOYPDIYTREELAQRTNLTEARIQ AIRLR - K
13u73/2-58 RTITISI|AAKDALERHFGHSKPISSQE IMRMAEELNLEKEVVR OREKR
21317 hi2-58 RTTISI|AAKDALERHFGHSKPSSOE IMRMAEELNLEKEWVWVR Q[REKR
1aplic/2-59 GHRF TKIENYRILESWFANPYLDTKGLENLMKNTSLSRIQIKN RIKE - - K|
13pld2-58 GHRF TKIENYRILESWFANPYLDTKGLENLMKNTSLSRIQIKN RIKE - - K|
AA AA A A

Electrostatic: Arg43, Arg52, Lys55
HB: (GIn6), Tyr8, GInd4

CORRECCIO BALDO & NURIA:

4 LArg52 surt al llibre de text de
SR CLVVCIO L\ RO B anden & Tooze perd no al paper

3’-CTT TCGGTAATCTC-5 on descriuen el cristall!! No I’hauria

d’haver tingut en compte, esta
massa lluny... sorry!
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Antp: Phosphate contacts

10 20 30 40 50
— — | | | 1

Antp_Dmel L F RRP.RIEIAHA | /it F en

Antp_phosphates - - - -@-@- - - = = = = = = = = - - - - J@AWD-D|- {EH-----------@DD------ - -@- - - - -

Structure_cons | - -WF-N-R-K-----

Sequence_cons LA--L-L----¥-IWF-N-R-------
Santh/1-56 RQTYTRYQTLELEKEFHNRYLTRRRR1EIAHALSLTEROIKIWFQNREMKWK-K
2cr3/1-58 RIPYSKGOLRELEREYANKF IITKDKRRKISAATSLSERQITI FQNR‘R] KE - KK
2pufaR-77 RCIPYTKHOTLELEKEFLNMYLTRDRRYEVARLLNLTEROWVKI FQNR‘R1 KM - KK
2elo1-57 Q RFSNDQTIELEKKFEQKYLSPPERKRLAKMLQLSEROVKTWFQNR‘R]AKW-RR
Ix2n1-62 RGWVLPKHATNYVMRSWLFHPYPTEDEKKQO | AAQOTNLTLLOVNNWEF INA‘R]RRI -LO
1h7232-68 RTNFTTRQLTELEKEFHNKYLSRARRVEIAATLELNETQVKIWFQNR‘R]MKQ-KK
1akhasl1-49 --|- 1 SPOARAFLEEVFRKOSLINSKEKEEVAKKCGITPLOVR FINK‘R] RS - - -
15h8ih2-58 RRINFSKQASEILNEYFYNPYPISEEAKEELARKCG I TVSOWVSHN FGNK‘R]IRY-KK
2ikx2-60 RTHFTSOOLOELEATFONRYPDMSTREE | AVWTNLTEARVR WFKNR‘R]AKW-RK
1h8iz1-62 ROITYTRYQTLELEKEFHNHYL/ITRRRRIEMAHALSLTERQIKI FQNR‘R.] KL - KK
1fil3/2-65 RTITFSASOLDELERAFETOYPDIYTREELAOQORTNLTEARIOQ WFQNR‘F{]ARL-RK
loct1-60 RTSIETN IRVALEKSFLNOQKP|ITSEEI TMI ADOLNMEKEY IR WFCNR‘R]QKEK-R
Bhddh-56 RTAFSSEQLARLKREFNNRYLTERRROOLSSELGLNEAQIKI FQNK‘R]AKIK»K
3hdda2-55 RTAFSSEQLARLKREFNNRYLTERRRQQLSSELGLNEAOIKIWFQNK‘R]AKIK-K
1[97/3-58 RTIPFTTIAOLLALERKFRKOYL|S| AERAEFSSSLSLTETOVKI FQNR‘RiAKAK-R
2joga/1-57 RTAFTRDOLGRLEKEFY|ENYVSRPRRCELAAQLNLPESTIK WFQNR‘R]MKDK-R
ljggb/'l-SJ' RTAFTRDOLGRLEKEFY|ENYVISRPRRCELAAQLNLPESTIK WFQNR‘R] KDK - R
15[.%/]-58 RTITFSASOLDELERAFETOYPDIYTREELAORTNLTEAR IO FQNR‘R]ARLR-K
1fjlc/2-59 RTITFSASOLDELERAFETOYPDIYTREELAOQORTNLTEARIOQ WFQNR‘R]ARLR-K
13u73/1-58 RTITISI|AAKDALERHFGHSKP|SSOE IMRMAEELNLEKEYVR FCNRB}QREKR
13u7h2-58 RTITISI|AAKDALERHFGHSKP/SSOE | MRMAEELNLEKEWVVR WFCNR‘RiQREKR
1aplc/1-59 GHRFTKENVRILESWFANPYLDTKGLENLMKNTSLSRIOIKNWVSNR‘R]RKE--K
13pid1-58 GHRF TKIENVRILESWFANPYLDTKGLENLMKNTSLSRIQIKN VSNR‘R;RKE--K

A
Electrostatic: Arg28, Arg31, Arg53
HB: Tyr25

5-GAAAGCCATTAGAG-3’
3’-CTT TCGGTAATCTC-5’
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Antp: Base contacts

. 10 . 7 . 30 10 . 20 .
Antp_Drmel .- -RQTYT NRY L RGNS L T en
Antp_bases ceef e e e e ee e et e e s e e s e e e e e e e e .- $-ldsl--¢------
Structure_cons - - - - - - - - - - - - - - L---F----YPS------ LA--L-L----1--WF-N-R-K-----
Sequence_cons = = === -===se-e=c----=- F----- |- J LA--L-L----%-|WF-N-R-=---+--

Santh/1-56 RQTYTRYQTLELEKEFHNRYLTRRRR1EIAHALSLTERQIKIWFQNREMKWK-K
2cra/1-58 RIPYSKGOLRELEREYANKF I[TKDKRRKISAATSLSERQITI FQNRﬁ KE - KK
2pufaR-77 RCPYTKHQTLELEKEFLNMYLTRDRRYEVARLLNLTERQVKI FQNRﬁ KM - KK
2elof1-57 Q RFSNDQTIELEKKFEQKYLSF‘PERKRLAKMLQLSEROVKTWFQNRﬁAKW-RR
1x2n/1-62 RGVLPKHATNYMRSWLFHPYPTEDEKKQ | AAQTNLTLLOVNNMWE INA‘ RIR | - LO|
1h723/2-68 RTNFTTRQLTELEKEFHNKYLSRARRVEIAATLELNETQVKIWFQNRHMKQ-KK
2akhaj2-49 --[- 1 SPIOARAFLEEVFRKOSLINSKEKEEVAKKCGITPLOWVR FINKﬁ RS - - -
1h8ih2-58 RRMFSKQASEILNEYFYNPYPISEEAKEELARKCGITVSQWVSEN FGNKﬁIRY—KK
20kx2-60 RTHFTSICOLOELEATFONRYPDMSTREE | AVWTNLTEARVR WFKNRﬁAKW-RK
1h8ia1-62 ROITYTRYQTLELEKEFHNHYLTRRRRIEMAHALSLTERQIKI FQNR‘ KL - KK
2f1ia/2-65 RTTFSASOLDELERAFETOYPDIYTREELAOQRTNLTEARIQ WFQNRHARL-RK
oct/2-60 RTISIETNIRVALEKSFLNQKPTSEEI TMIADOLNMEKEY IR WFCNRﬁQKEK-R
Shddhi2-56 RTAFSSEQLARLKREFNNRYLTERRROOLSSELGLNEAQIKI FQNKﬁAKIK—K
3hdda/1-55 RTAFSSEQLARLKREFNNRYLTERRRQQLSSELGLNEAOIKlWFQNKﬁAKIK-K
2ig7/1-58 RTPFTTAQLLALERKFRKQYL|S| AERAEFSSSLSLTETOWVKI FQNRﬁAKAK-R
2jgga/1-57 RTAFTRDOLGRLEKEFYENYWSRPRRCELAAQLNLPESTIK WFQNRﬁMKDK-R
2iggh2-57 RTAFTRDOLGRLEKEFYENYWSRPRRCELAAQLNLPESTIK WFQNRﬁ KDK - R
2§j1hi2-58 RT[TFSASQOLDELERAFETOYPDIYTREELAQRTNLTEARI QW FQNRﬁARLR-K
2fjic/2-59 RTTFSASQOLDELERAFETOYPDIYTREELAQRTNLTEARIQ WFQNRﬁARLR-K
13u73/2-58 RTITISI|AAKDALERHFGHSKPISSQE IMRMAEELNLEKEVVR FCNRﬁQREKR
23u7hi2-58 RTTISI|AAKDALERHFGHSKPSSOE IMRMAEELNLEKEWVWVR WFCNRﬁQREKR
2aplc/2-59 GHRFTKENVRILESWFANPYLDTKGLENLMKNTSLSR|OIKNWVSNRﬁRKE--K
13pld2-58 GHRF TKIENVRILESWFANPYLDTKGLENLMKNTSLSR 10O | KNWWVSNRRRKE - - K
A

Water mediated HB: Asn51, GIn50, C7, T8
Direct HB: Asn51-A9

" 4

5-GAAAGCCATTAGAG-3’
- 3’-CTT TCGGTAATCTC-5’
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Antp: Base contacts

1|O 2|0 30 Z}O 5|0
Antp_Dmel - - H{RQTYT WISAMMERRRR | E | AHA LY en
Antp_bases e 1 T N N - - --f---=~-
Structure_cons =~ - - - - - - - - - - - - - - L---F----¥PS------ LA--L-L----1--WF-N-R-K-----
Sequence_cons =~ - - - - - - - - - - == - ----- Fo-u--- P-=-=-=- LA--L-L----V-o|WF-N-R-==-----

Santh/1-56 ROITYTRYOTLELEKEFHNRYLITRRRRIEIAHALSLTERQ I K IWFQNRRMKWK - K|
2cra/1-58 RIPYSKGOLRELEREYANKF I[TKDKRRKISAATSLSERQITIMWFONRRVIKE - KK
2pufaR-77 RCPYTKHOTLELEKEFLNMYLITRDRRYEVARLLNLTERQOVK IWFONRRMKM - KK
2elof1-57 OVIRFSNDOTIELEKKFEQKYLISPPERKRLAKMLOLSERQWVK TWFQNRRAKW - RR|
1x2n/1-62 RGNVLPKHATNVMRSWLFHPYPITEDEKKO l AAQTNLTLLOVNNWE INARRR I -LO
1h723/2-68 RTNFTTIROLTELEKEFHNKYLISRARRVEIAATLELNETOVK IWFONRRMKQ - KK
2akhaj2-49 --[- 1 SPIOARAFLEEVFRKOSLINSKEKEEVAKKCGITPLOWVR F INKRMRS - - -
1h8ih2-58 RRINFSKQASEILNEYFYNPYP[SEEAKEELARKCG I TVSQWVSNWFGNKR I|IRY - KK
20kx2-60 RTHFTSOOLOELEATFONRYPDMSTREE | AVWTNLTEARVRVWF KNRRAKW - RK
1h8ia1-62 ROITYTRYQTLELEKEFHNHYLITRRRRIEMAHALSLTERQ IK IMWFONRRMKL - KK
2f1ia/2-65 RTTFSASOLDELERAFETOYPDIYTREELAQRTNLTEARIQWVWFONRRARL - RK|
oct/2-60 RTISIETNIRVALEKSFLNQKPTSEEI TMIADOLNMEKEY IR FCNRROIKEK - R
Shddhi2-56 RTAFSSEQLARLKREFNNRYLITERRROQOLSSELGLNEAQIK I IMFONKRAK I K -K
3hdda/1-55 RTIAFSSEQLARLKREFNNRYLTERRROOLSSELGLNEAQIKIWFONKRAK I K -K
2ig7/2-58 RTPFTTAQLLALERKFRKQYL|S | AERAEFSSSLSLTETOVK IWFONRRAKAK - R
2jgga/1-57 RTAF TRDOOLGRLEKEFYENYWSRPRRCELAAQLNLPEST I KVWFONRRMKDK - R
2iggh2-57 RTAFTRDOLGRLEKEFYENYWSRPRRCELAAQLNLPEST | KVMWFONRRMKDK - R
2§j1hi2-58 RTITFSASOLDELERAFETOYPDIYTREELAQRTNLTEARIQVWFONRRARLR - K|
2fjic/2-59 RTITFSASOLDELERAFETOYPDIYTREELAQRTNLTEARIQWVWFONRRARLR - K
13u73/2-58 RTITISI|AAKDALERHFGHSKPISSQE IMRMAEELNLEKEVVR FCNRROREKR
23u7hi2-58 RTTISI|AAKDALERHFGHSKPSSOE IMRMAEELNLEKEWVWVR FCNRROREKR
2aplc/2-59 GHRF TKIENYRILESWFANPYLDTKGLENLMKNTSLSRIQ I KNMWVSNRRRKE - - K
13pld/1-58 GHRF TKIENYRILESWFANPYLDTKGLENLMKNTSLSRIQ | KNMYVSNRRRKE - - K
A

HB: Arg5 T11

5’-GAAAGCCATTAGAG-3’
3’-CTT TCGGTAATCTC-5’

Part 1 | Introduction Methodology Zn fingers bZip



Antp: Summary

. 1I 0 . 2| 0 . 30 Z}O . 5|0 .
ganta .- -RQTYT NENARIRRRR | E | AHA LIRS en
Fold
Non-Specific
Specific
Structure
Sequence

Structural align.
Consensus logo
(39 str)

Sequence align.
Consensus logo
(1613 seq)

Part 1 | Introduction Methodology

HTH



d Part2: Molecular domestication of DNA binding domains: CAG
J Introduction
[ Modelling strategies
O Final models
[ Sequence analysis
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Introduction

Transposable Elements: Jumping Genes

Tranposons encode the enzymes necessary for their own mobilization.

Site-specific binding

TIR Tnp TIR

Tso 4 ) 1o
‘ TSD

v
130‘ ‘TSD

A. Cut-and-paste

Part 2 | Introduction

 DonorDNA  Fxdlslm

..TNP (,!,”_}Q

Integration
_Torget DNA

Targel sile
v |
v

*v

A TsoqE = -TSD

|
v Foolprint

Tn5 transposase. PDBid: 1IMUH

Final models

Modelling strategies

Sequence analysis



Introduction

Molecular Domestication: Turning junk into gold

Transposases have been repeatedly recruited by the host genome during
evolution.

Pogo transposase (class II) has a DNA binding domain, an endonuclease
domain and a dimerization domain.

L] DDE Dim

DBD

The DBD is responsible for the specific binding to transposon ends.

Part 2 | Introduction Modelling strategies Final models Sequence analysis




Introduction

Pogo transposase

~ETTE BN DDE N Dim B-
Domestication Domestication
Mammalian lineage Fission yeast lineage
CENP-B Cbh1
|| DDE i | DDE Dim ]
Cbh2
| DDE Dim ]
Abp1l
| DDE Dim [

Human CENP-B DBD (1hlv)

Part 2 | Introduction Modelling strategies Final models Sequence analysis




Introduction

Pogo transposase

1 225
cnc IR I
34% identity over 137 aa 25% identity over 149 aa
with human CENP-B with Dmel pogo Tnp

Part 2 | Introduction Modelling strategies Final models Sequence analysis



Introduction

Pogo transposase

Is it a CENP-B

homologue?
1 225
cac IIETE I
34% identity over 137 aa 25% identity over 149 aa
with human CENP-B with Dmel pogo Tnp

Part 2 | Introduction Modelling strategies Final models Sequence analysis



Introduction

Pogo transposase

Where is this
protein binding?

Is it a CENP-B

homologue?
1 225
cac IIETE I
34% identity over 137 aa 25% identity over 149 aa
with human CENP-B with Dmel pogo Tnp

Part 2 | Introduction Modelling strategies Final models Sequence analysis



Introduction

Pogo transposase
e T BN DpDE WM DIm B-

Where is this
protein binding?

Is it a CENP-B
homologue?

1 225
cac I I

Modelling and MSA analysis

Part 2 | Introduction Modelling strategies Final models Sequence analysis



Methods: overview

1. Look for matching HMM (hmmscan)
1 7 59 81

137 225
A Cene-8 ]

2. Search for templates: hmmsearch with best HMM (CENP-B) in pdb database.
1 7 59 81 137 225

1hlv (131aa)
1bw6 (56aa)
2elh (87aa)

3. Sequence alignments
4. Modelling (Modeller and servers)
5. Evaluation of the models

Part 2 | Introduction Modelling strategies Final models Sequence analysis




Modelling strategies

1bw6+2elh+1hlv : hmmalign CAG(1-140) +3 templates Modeller:1/2
STAMP hmmbuild :
(3 templates) hmmalign CAG(1-140)+ 1hlv Modeller: 3/4

Mod1/2 CAG  ——mmmmmmmmem

Mod3/4 CAG  MPSERVRK---PRTSLTLEEKMEVIQSQE-RNKLSVRDLAKRFNIGKTQAADILKHKQSI

Introduction Modelling strategies Final models Sequence analysis




Modelling strategies

1bw6+2elh+1hlv : hmmalign CAG(1-140) +3 templates Modeller:1/2
STAMP hmmbuild :
(3 templates) hmmalign CAG(1-140)+ 1hlv Modeller: 3/4

~
p— /

S 2

%‘7‘\‘. TR

¢ P\/\?' ' )
/ 28 1hlv

,\ '/ Mod1: 2.36 A (3.54)

Prosa energy

Z-comb | Z-pair Z-surf profiles and
Z-scores
1hlv -6.66 -6.34 -3.47
Mod1 -5.99 -5 -3.69
Mod2 -6.31 -4.86 -4.30
Mod3: 1.31 A(7.72) Mod3 | -6.70 -5.40 -4.33
Mod4:2.21 A (4.73) Modd | -6.44 |-513 | -4.22

Part 2 | Introduction Modelling strategies Final models Sequence analysis



Modelling strategies

hmmalign CAG(1-140) +3 templates+CENP-B.hmm

hmmalign CAG(1-140)+ 1hlv+CENP-B.hmm

Modeller:5/6
Modeller: 7/8

Mod5/6 CAG —mm MPSERVRKPRTSLTLEEKMEVIQSQERNK-LSVRDLAKRFNIGKTQAADI

CAG MPSERVRKPRTSLTLEEKMEVIQSQERNK-LSVRDLAKRFNIGKTQAADILKHKQSIKEG
Mod7/8 229 9 2

Part 2 | Introduction Modelling strategies

Final models

Sequence analysis



Modelling strategies

hmmalign CAG(1-140) +3 templates+CENP-B.hmm Modeller:5/6
hmmalign CAG(1-140)+ 1hlv+CENP-B.hmm Modeller: 7/8

Prosa energy
Z-comb | Z-pair Z-surf profiles and
Z-scores

lhlv -6.66 -6.34 -3.47

Mod5 -4.17 -4.17 -1.87

1hlv Mod6 -3.86 -4.25 -1.34

Mod7: 0.61 A (8.26) Mod7 | -476 |-481 | -2.10
Mod8: 0.52 A (8.07) Mods | -486 | -475 |-2.30

Part 2 | Introduction Modelling strategies Final models Sequence analysis



Modelling strategies

hmmalign CAG(1-225) + 1hlv + CENP-B.hmm

h lign CAG(1-225) + 1hlv + Tc5.h Manual
mmalign - v + Tc5.hmm e . .
modification Modeller:
clustalw CAG(1-225) + 1hlv
of the clustal Frank1/2
secondary structure calculation of 1hlv alignment
1hlv ———-mg-PKRRQLTFREKSRIIQEVEENPd IRKGETARRFNIPPSTLSTILKNKRAILAS
CAG_D1_1_64 mpservRKPRTSLTLEEKMEVIQSQERNK-1SVRDLAKRFNIGKTQAADILKHKQSIKEG
1hlv erkygvastcrktnklspydkleglliawfqgiraaglpvkoiilkekalriaeelgmdd
CAG_D2_1_64 11sgFrr———m™m—m ™ @™ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @
1hlv ftasngwldrfrrrrs
CAG_D1_1_64 ————————————m———
e erardhly, ————MG-PKRRQLTFREKSRITQEVEENPDLRKGEIARRFNIPPSTLSTILKNKRAILAS
CAG D2 81 137 ool 0 JCAG  MPSERVRKPRTSLTLEEKMEVIQSQERNK-LSVRDLAKRFNIGKTQAADILKHKQSIKEG
1hlv vasterktnlhly,  ERKYGVASTCRKTNKLSP-YDKLEGLLIAWFQQIRAAGLPVKGIILKEKALRIA-EELGM
CAG_D2_81_137 -—————— CAG  LLSGELKLNQMRRNPLSQRGAQIDEMCFDWFESRVRTENIPISGEMVRKKAKQLAVE-LGH
1hlv NGWLDRFRR
1hlv, DDFTASNGWLDRFRRRRS
ORI SULERICAG T SNFSTSSGWLEKWRKTHN
1hly --—-MG-PKR
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Modelling strategies

hmmalign CAG(1-225) + 1hlv + CENP-B.hmm

hmmalign CAG(1-225) + 1hlv + Tc5.hmm Manual
I . V * . . . .
modification Modeller:
clustalw CAG(1-225) + 1hlv
of the clustal Frank1/2
secondary structure calculation of 1hlv alignment

Lhiv Prosa energy
Mods: 1.31 (7.72) Z-comb | Z-pair Z-surf profiles and
Frank1: 0.73 A (8.98) P Z-scores

1hlv -6.66 -6.34 -3.47

Frankl -6.49 -5.10 -4.23

Frank2 -6.34 -4.99 -4.13

Mod3 -6.70 -5.40 -4.33
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Modelling strategies

hmmalign CAG(1-225) + 1hlv + CENP-B.hmm

hmmalign CAG(1-225) + 1hlv + Tc5.hmm Manual
I . V * . . . .
modification Modeller:
clustalw CAG(1-225) + 1hlv
of the clustal Frank1/2
secondary structure calculation of 1hlv alignment

Prosa energy

Mod4: 2.21 A (4.73) Zcomb | Zpair | zsurf | 5T
Frank1:0.73 A (8.98) 1hlv -6.66 -6.34 -3.47

Frankl -6.49 -5.10 -4.23

Frank2 -6.34 -4.99 -4.13

Mod4 -6.44 -5.13 -4.22

Part 2 | Introduction Modelling strategies Final models Sequence analysis



Modelling strategies

Servers (Fugue, Phyre) and Modbase models:

1hlv
Modbase: 0.48 A (9.19)

Prosa energy

profiles and
Z-scores
Z-comb Z-pair Z-surf
1hlv -6.66 -6.34 -3.47
Modbase | -6.89 -5.26 -4.47
Phyre -6.45 -5.20 -4.03
Fuge -6.20 -4.98 -3.90
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Final models

1hlv
Mod4
Frankl

The energy, prbﬁles dof the
models are Qmpatlble wnth |

Procheck: CORE ALLOW GENER DISALL
1hlv 91,3% 8,7% 0,0% 0,0%
Mod4 89.3% 9.9% 0.0% 0.8%
Frankl1 91,9% 7,3% 0,0% 0,8%
ModBase 92,2% 6,0% 0,9% 0,9%
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Introduction

Pogo transposase

Is it a CENP-B

homologue?
1 225
cnc I I
34% identity over 137 aa 25% identity over 149 aa
with human CENP-B with Dmel pogo Tnp
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Multiple Sequence Alignment analysis

CAG

- n-p_lijKPRTSLTL-:

5p|Q68088| TIGD3_HUMAN
5p|POT 199 |CENPB_HUMAN
5p|B2RO0 |CENPT_HUMAN
5p|Q8BUZ3| TIGDL_MOUSE
5p|Q53EQ6| TIGDS_HUMAN
5p|B2RARLZ||ERKL_MOUSE
5p|Q81YS1| TIGD4_HUMAN
5|09 VBWS|DANA_DROME
sp|QENTOL| TIGDT _HUMAN
5p|Q0VBL | TIGD2_MOUSE
5p|P27TI0|CENPE_MOUSE
5p|Q609TEIERK Y _MOUSE
5p|Q29CW2|DAN_DROPS
5p|BOX560|DAN_CULQU
5p|Q17 RP2| TIGDE_HUMAN
5p|Q9EMWT | TIGDT_HUMA
5p|Q499ME| TIGDS5_MOUSE
5D|P459SS|CENPB_CRIGR
5|09 VBWE|DAN_DROME
5p|QEWSGO|TIGD2_HUMAN
5|81 WEC39|TIGDS_RAT
5p|Q16/84|DAN_AEDAE
5p|Q7 TM95| TIGD3_MOUSE
5p|GEMY25|TIGDS5_BOVIN
5P|09 YRAO| ERKL _HUMAN

5p|Q29CWO|DANR_DROFPS

......... KKKLHALSLAEK
.......... PKRROLTFRE
......... KRERKAITLDL
.......... KKKKSLSIEE
......... KRKRVVLTIKD
.......... KKKKSLS | EE
......... KRPLRNLTFPND
....... ky----TTLNLEE
......... KRKRVWLT I KD
.......... PKRRQLTFRE
......... KRKRVWVLTLKE
......... KRPLRSLTPRD
......... KRPLRHLTATD
.......... KKRRQFSLEE
......... RKSRTSLTLNQ
.......... PKRRQLTFRE
......... KRPLRSLTPRD
......... KRKRVVLTIKD
......... KRPLRHLTATD
......... KKKLHALSLAE
.................. DK
......... KRKRVVLTIKDK
......... KRPLRNLTPNDK

K
K
K
DK
K
K
K
K
K
K
K
K
K
K

DK
K
K
K
DK
K
K

30 40 S50 60
1 1 1 1 1 1 1 1
Ev  OSOBRNK- | SVRBLAKRFN IGRTOAAR | LKHKOS | KEG

IOVLELLDESK-mSOSEVARRFOVESOPOISRICKNKEKLLA -
SRIIQEVEENPA I RKGE | ARRFNIPPSTLSTILKNKRAILA-
LEVLRRFEAGE--KLSO | AKALDLAISTVATIRDSKEKIKA-
IDI INAVESGK - -KKAE I AAEYG I KKNSLSS IMKNKDKWVLE -
LOAI ERVKGGE - -ROASYVCRDFGVYPGGTLRGWLKDEPKLR - -
LDI IKKLEDGG - -SSKOLAVIYGIGETTYRD I RKNKEKI - - -
IDI INAVESGK - -KKAE I AAEYG I KKNSLSS IMKNKDKWLE -
YRAIORIHNGE - -TKASYSRD IGYPESTLRGWCKNEQKLRFM
MKVLSRIEAGR- -SLKSVYMDEFG I SKSTFYD IKKNKKL ILD -
LDI IKKLEEGN - -SFKKLSVLYGIGESTWRDIKKNKERI - - -
SRI IQEVEENPd |RKGEI ARRFNIPPSTLSTILKNKRAILA-
IDICTRLERGE - -SRKALMOEYNVGMSETLYD | KAHKAQLLRF
IHAIQORIHDGE - - SKASWVARDIGYPESTLRGWCKNEDKLRFM
IDAIORIHDGE - -SKASWYARDIGYPESTLRGWCKNEEKLRY -
MKVVGAVDSGK - - RKGDWAKEFGITPSTLSTFLKDRTKF - - -
LEMIKLSEEGM- -SKAEIGRRLGLLROTVSOVVNAKEKFLKE
LOAI ERVKGGE - -ROASVCRDFGVYPGGTLRGWLKDEFPKLR - -
SRI IQEVEENPd |RKGE I ARRFNIPPSTLSTILKNKRAILA-
IHAIQRIHDGE - -SKASYARD IGVPESTLRGWCKNEDKLRFM
LDI IKKLEEG!I| - -SFKKLSVVYGIGESTYRD I KKNKERI - - -
LOAI ERVKGGE - -ROASVYCRDFGVYPGGTLRGWLKDEPKLR - -
IDAIQRIHDGE - -SKASYARD IGVYPESTLRGWCKNEEKLRY -
IOVLELLDESK-mSOSEVARRFOVSOPOISRICKNKEKLLA-
LOAI ERVKGGE - -ROASYCRDFGVYPGGTLRGWLKDEPKLR - -
LDI IKKLEDGG - -SSKOLAVIYGIGETTYRD I RKNKEKI - - -
VYRAIORIHMNGE - -TKASYSRDLGYPESTLRGWCKNEQKLRFM

Conservation

Consensus

Introdu

---------- 0000012024

L, Lkl it

Modelling strategies

Final models

Seguence analysis




Multiple Sequence Alignment analysis

CAG

5p|Q17RP2| TIGDE_HUMAN
5p|Q6097 6 ERK Y _MOUSE
5p|QS3EQ6| TIGDS_HUMAN
50|Q8IYS1 | TIGD4_HUMAN
5p|B1WC35|TIGDS5_RAT
5p|O7 SSELYERK Y HUMAN
50|Q499M4| TIGDS5_MOUSE
50|07 TMS5| TIGD3_MOUSE
5p|Q8BUZ3| TIGDL_MOUSE

50|GaMY25|TIGDS5_BOVIN
5p|Q6B088| TIGD3_HUMAN
5p|QOVBLY | TIGD2_MOUSE
50| PES98S|CENPE_CRIGR
50| POT 199 |CENPE_HUMAN
50|P2T790|CENPE_MOUSE
50|09 YAAOERKL _HUMAN
5p|B2RRLZIERKL_MOUSE
5p|060208|CBH2_SCHAO
5p|QENTOL| TIGDT _HUMAN
5p|Q8BZHE|POGZ_MOUSE
50|07 Z3K3|POGZ_HUMAN
50|01 4423|CBH1_SCHAO
5p|PE97 77 |ABPT_SCHAO
50|QS0TTS|POGK_MOUSE
50|Q9P215|POGK _HUMAN

) %0 . 20 ) %D ) 10 ) ?0 . §0 ) ?D ) %D

- -@ BEmMc FMSHV-[RT.N P I SEEMVRRRAROLA - - - - - - - - - - - - - - VELGHENF STSS6WLEBRWRRTHNY - - - -y
-YDD IDKAVFAWFOQE | -HAKNILVYTGSY IRKKALNLA- - - - - - - - - - - NM- - -LGYDNFOASYGWLNRFRDRHG | AL --k- -
h---LDRVYLYEWFLWVK-RAEGIPVYSGPMLIEKAKDFY -=------- kqmRL - - - - - TEPCVFSGGWLWRFKARHGIK---k- -
--EEIDRAVYAWFLAL - ROHGYPLSGPLIQAQAEAFA---- - - rqiygP------ ECTFKASHGWFWRWOKRHGISS--g- -
-YTDLEEALMRWYR I A-QCLNVPVNGPMLRLKANDFA------- - qgklGH------ NDFKCSNGWLDRFKSRYGLWF --r1 - -
--EEIDRAVYSWFLTL - ROHGYPLSGPY IQAQAEAFA----- - rqiygP------ ECTFKASHGWFWRWOKRHGISS--g- -
h---LDRVLYEWFLGK-RSEGYPVYSGPMLIEKAKDFY -------- eqmlL----- TEPCVFSGGWLWRFKARHGIK---k- -
--EEIDRAVYSWFLTL - ROHGYPLSGPVIQAQAEAFA----- - rqiygP------ ECTFKASHGWFWRWOKRHGISS--g- -
g---IDEALLCWYHIA-RAKAWDYVTGPMLLHKAKE-L----------- AD---IMGODFWPS | GWLYVRWKRRNNY - - --g- -
-YTDLEEALMRWYR I A-QCLNVPYNGPMLRLKANDFA- - - - - - - - qklIGH------ NDFKCSNGWLDRFKSRYGLWF --r1 - -
s5p|Q4WSGO|TIGD2 _HUMAN -YEELDRYM | EWFNOQ -KTDG IPYSGT ICAKOAKF -F - -------- fdA---LGMEGDFNASSGWLTRFKORHG | - - - - - - -
--EEIDRAVYSWFLAL - ROHGYPLSGPLIQAQAEAFA---- - - rqiygP------ ECTFKASHGWFWRWOKRHGISS--g- -
g---IDEALLCWYHIA-RAKAWDYVTGPMLLHKAKE-L----------- AD--- IMGODFWPS |IGWLYVRWKRRNNY - - - -g- -
-YEELDRWVMI EWFNQOQO-KTDG I PVYSGTICAKQARF -F - - - - - - - - - fdA---LGMEGDFNASSGWLTRFKORHG | - - - - - - -
-YDKLEGLL | AWFQQ | -RAAGLPVKG | ILKEKALR-1---------- aEE---LGMDDFTASNGWLDRFRRRHGY - - - -w - -
-YDKLEGLL I AWFOQ | -RAAGLPVKG I ILKEKALR- 1 ---------- aEE---LGMDDFTASNGWLDRFRRRHGWYYWS - - c- -
-YDKLEGLL | AWFQQ I -RAAGLPVKG | ILKEKALR-1---------- aEE---LGMDDFTASNGWLDRFRRRHGY - - - -w - -
-YEELDRAMLEWFNQOQ - RAKGNP | SGP ICAKRAEFFF - - - ------- vAL---GMDGDFNPSAGWLTRFKORHS | - - - -1 - -
-YEELDKAMLEWFNQOQ - RAKGNP | SGP ICAKRAEFFF - - - - - - - - - - vAL---GMDGDFNPSAGWLTRFKORHS | - - - -1 - -
-YPILENAL IDWOTRL -OKODGA I TGNAIKKSAAELW- - - - - - - - - - rRIPEYSELPIPEFSNGWLEKFKKR------ - c- -
g--DVDDAVYMWYQQOK - RSAGYVPVYRGVELQAAAERFA- - - - - - - - - - rCF----GRTDFKASTGWLFRFRNRHAIGNRK - - -
e---AEEKLAEWYLIQ-REQOLPVYNEETLFOKATK -1 --------- grsSbL----- EGGFKISYEWAVRFMLRHHLT - - - - - -
e---AEEKLAEWYWLTQ-REQOLPWNEETLFOKATK -1 --------- grsSL----- EGGFKISYEWAVRFMLRHHLT - - - - - -
-FPLLDNAVYEWLOOR-EVEGLP | SGDMIKQAATRFW- - - - - - - - - - sKIPAYASLPLPDFSNGWLDKFRRRHY | ----g- -
-YPLLEAALFEWOY -0-OGDDATLSGET IKRAAAILW- - - ------- hKIPEYODOPWYPNFSNGWLEGFRKRHIL----h--
| - - -VDORVAEYVRYM-OAKGDP I TREAMOLKALEIA--- - - - - - qermM | - - - -PEKGFKASLGWCRRMMRRYDLSL --r1 - -
| - - -vVDORVAEYVRYM-QAKGDP I TREAMOLKALE lA-------- qermM | - - - -PEKGFKASLGWCRRMMRRYDLSL - -1 - -

I

sp|QI6MWT | TIGDL_HUMANE - -DMEKVLYVWIEDQ-TSRNIPLSOSLIONKALTLFNRS- - - -

50|P32596|PDC2_YEAST
50|B2RO01 |CENPT_HUMAN

Conservation

Consensus

v----RKILOEWISOS-LWNGIPITSPI IODTAQAVW- - - - - -
e--SMEQLLSLWLEDQ-SOPNATLSAAIVOEKAEFDD I

Modelling strategies

--mkaERGVEAAEEKFEASRGWFMRFKERSHFHN- - i

----hRIPAEHREGNGSFSYKWI|SNFLSKMD- - - - - V- -
---qrEHGEGSQTERFHASOGWLYRFKECHCL - ------

RO+YRALPEE++EGDFKASNGWL+RF

Final models

".-.'— 2
K+RHG I §5- -R- -

Seguence analysis




Multiple Sequence Alignment analysis

Pogo transposase

Is it a CENP-B
homologue?

1 225
cnc IR I
34% identity over 137 aa 25% identity over 149 aa
with human CENP-B with Dmel pogo Tnp
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Multiple Sequence Alignment analysis

Pogo transposase

Where is this
protein binding?

1 225
cnc IR I
34% identity over 137 aa 25% identity over 149 aa
with human CENP-B with Dmel pogo Tnp
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Multiple Sequence Alignment analysis

CAG shares many conserved residues with human CENP-B and other members of the family.

10
CAG o [VRKPRTS LT L EERMEY | SQ.RNKl ISVjLAKRFN IGKTQAA.I LKHKQS | |<I | s §|
sp|POTI99|CENPE_HUMAN - -PKRROLTF RE‘K;SRI IQCEVEENPA I RKGE I ARRFNIPPSTLSTI L[K}NKRﬁtl LA-
Conserved_residues = - - = = = = = = = = - - B--11----- G------- VA--F-¥---TL - -K----L---------
95 105 %15 125 135 145 ];55
TAG - - MCJWF SRVRT‘N 1B SG.MVRKKAKOLA -------------- ]LGHSNF srssewn.[ WRRTHNY - Iy H
50|POT 299 |CENPB HUMAN -YDKLEGLL | AWFQQ IRAAGLPVKG I ILKEKALR -1 ---------- aEE---LGMDDFTASNGWLDR-FRRR-HGVWVS - ¢
Conserved_residues /1 U W - L A

---------------------------- B--B---B-------~---~-

CAG has some of the residues that are involved in the DNA recognition in CENP-B.
However, there are also some differences.

10 20 |_10 50 60
CAG _|VRKPRTSLTL-::.VIOSQrNK\ ISV1LAKRFNI TOAAD | LKHKOS I KEG- | | sgB | k
5p|PO7299|CENPE_HUMAY - - PKRRQLTFREKSR I IQEVEENPJ I RKGE | ARRFN I PP TUST ILKNKRATLA- -5------
Interacting_residues ---- R --------------------------------- PS--8f--------------------
105 1;15 125 135 145 11.55
CAG g QI.MCF.’WF SRVRT-NIPIS lMVRKKAKQLA -------------- VlLGHSNFSTSSGWLl: WRKTHNY - vH
sp|PO7399lCENP8_HUMﬂﬂ_ -YDKLEGLL | AWFQQ | RAAGLPWVKG | ILKEKALR- |

---------- aEE---LGMDDFTASNGWLDR - FlRRR HGWWS - ¢ -
interacting_residues

-------------------------------------------------------------- - --E--BRR---------
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Multiple Sequence Alignment analysis

Pogo transposase

Where 1) this
protein Winding?

1 225
cnc IR I
34% identity over 137 aa 25% identity over 149 aa
with human CENP-B with Dmel pogo Tnp

Part 2 | Introduction Modelling strategies Final models Seguence analysis



Conclusions

Selective pressure imposes functional and structural constraints on
DNA binding domains of TFs that are reflected at sequence level.

Structural alignments may be limited due to lack of data. Sequence
alignments may introduce noise. The combination of both sequence
and structural alignments is very powerful for unravelling
functionally important residues.

In TFs, few residues determine DNA sequence specificities and small
changes can greatly modify the binding site. Interaction with other
proteins give TFs the high specificity that is observed in vivo.

The DNA binding domain of TFs can be derived from other DNA
binding proteins, especially from transposable elements
(exaptation).

The sequence and the predicted structural conservation in CAG
suggest that CAG is a putative CENP-B homolgue in Drosophila.
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Questions

Which of the following options is describing a characteristic of basic leucine zippers
transcription factor?

a) They form dimers to bind into the DNA major groove

b) A leucine is repeated through the leucine zipper region every seven aminoacids
c) The two above are correct

d) The DNA binding region is highly hydrophobic.

e) All are correct

What is true about the fold of the leucine zippers transcription factors?
a) Leucine zippers dimerize as coiled-coils.

b) The hydrophobic core packing is described as “knobs-into-holes”.

c) The two above are correct.

d) The two helices of the dimer packs in an antiparallel manner.

e) All are correct.



Questions

Which one is NOT correct about the basic helix loop helix transcription factors:

1. They contact the DNA bases through residues in loops.

2. They contact the DNA bases through residues in conserved beta strands.

3. They contact the DNA bases only through water molecules, which is characteristic of this family.
4. They contact the DNA bases through residues in alpha helices.

a) land3
b) 1,2and3
c) 2and4
d 4

e) 1,2,3,4

The basic helix loop helix transcription factors...

1. Have a basic region that makes bonds with the DNA.

2. Have a basic region that is involved in dimerization.

3. Have a basic region with highly conserved residues among the members of the family.

4. Have aloop conserved in structure that is important for sequence-specific DNA recognition.

a) land3
b) 1,2and3
c) 2and4
d 4

e) 1,234



Which is/are the conserved residue/es in zinc fingers that are coordinating the zinc atom?
A. Arg
B. Argand Leu
C. His
D. Cys
E. Options C and D

Relating to zn fingers, éwhich is the correct fold of Cys2His2 family?

A. Four beta-strands connected by a loop and followed by two helix.
B. A hairpin followed by an alfa-helix.

C. Two helix separated by a short loop.

D. Cystein rich loops.

E. Two beta-hairpins connected by a short loop.



Chose the correct option about homeodomain transcription factors:

a) The residues of the hydrophobic core of homeodomain establish direct
contacts with the DNA backbone.

b) Homeodomain proteins use a beta-alpha-beta motif for DNA binding.

c) The first two statements are both true.

d) In vivo specificity of homeodomain TFs is increased by the interaction with
other proteins.

e) All above statments are false.

Chose the correct option about homeodomain transcription factors:

a)A single aminoacid substitution in the central part of the recognition helix can
completely modify the target DNA sequence.

b)Water molecules can participate in short-lived interactions between the
recognition helix and DNA.

c) The first two statments are correct.

d)The hydrophobic core of the homeodomain fold is rich in Arginines and Lysines.
e) All these statments are correct.



Chose the correct option about molecular domestication:

a)Molecular domestication consists on the industrial application of biomolecules
derived from transposable elements to develop or make useful products.

b) The DNA binding domain of some human proteins derives from transposable
element encoded genes.

c) The two first statements are both false.

d)Transposable elements are selfish molecular parasites that only have detrimental
consequences on the host genome.

e) All statments above are true.

In the evaluation of CAG model...

a) z-score tells you which model is energetically more stable.

b) The best models were obtained with a manually curated alignment.

c) The two first statments are both false.

d) Itis completely impossible to do homology modelling when the identity is lower
than 70% .

e) All statements above are false.
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5'-AGCGTGGGCGT-3’
3’-TCGCACCCGCA-5’
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5’-AGCGTGGGCGT-3’
3’-TCGCACCCGCA-5’




Zif268: additional information

Water-mediated contact help to stabilize the binds to the DNA backbone and to the bases

5'-AGCGTGGGCGT-3’
3’-TCGCACCCGCA-5’




Zif268: additional information

Table 1. Parameters for DNA structures

Groove width,

8, no. Incl, Disp, Rp, D,
DNA segment Pitch, A Rise per bp A B Int minor major deg A A A
1. A-DNA (13) 346 2.88 15 0 1 10.1 8.2 13.6 -4.8 9.68 -3.76
2. A-DNA (14) 33.5 2.94 15 1 0 10.4 6.9 14.0 -4.1 9.36 -3.82
3. GLI (5) 36.0 3.07 8 8 2 7.4 12.5 9.3 -3.1 10.5 0.90
4. trp repressor (7) 33.1 3.13 2 13 3 7.0 10.6 9.2 =23 10.0 1.04
5. Glucocorticoid 1 (8) 35.0 3.24 3 11 4 7.4 11.4 10.5 -1.8 10.0 1.77
6. Zif268 (9) 36.5 3.25 0 15 5 8.2 11.5 9.5 -1.6 9.95 1.37
7. MetJ (10) 35.8 3.32 0 15 3 7.8 11.3 11.9 -1.5 9.8 1.90
8. Engrailed 1 (11) 33.6 3.19 2 15 5 7.5 10.2 10.8 -1.5 9.6 1.47
9. TTK (12) 33.9 3.23 0 12 5 6.8 11.2 8.7 -1.5 9.75 2.00
10. a2 (15) 34.6 3.33 19 16 5 6.6 11.7 7.3 -1.0 9.7 2.60
11. GCN4 (16) 34.0 3.28 0 34 0 6.3 11.7 4.5 -0.9 9.8 2.52
12. A repressor 1 (17) 35.5 3.33 1 17 2 6.7 12.1 39 -0.9 9.7 2.31
13. 434 repressor 1 (18) 35.5 3.33 0 14 4 53 13.4 4.1 -0.6 9.7 3.89
14. Glucocorticoid 2 (8) 34.6 3.35 4 10 4 5.1 13.1 0.2 -0.5 9.6 3.47
15. 434 repressor 2 (18) 32.7 3.17 0 20 0 5.9 11.1 4.8 -0.4 9.7 3.05
16. A repressor 2 (17) 35.0 3.35 0 18 2 7.1 11.4 6.7 -0.3 9.6 2.7
17. GALA4 (19) 34.1 3.30 0 20 0 59 11.8 5.1 0.0 9.3 3.59
18. Engrailed 2 (11) 36.9 3.54 1 15 4 6.0 13.2 1.8 -0.1 9.25 3.4
19. B-DNA (20) 33.2 3.31 3 16 5 4.8 12.3 -0.2 -0.1 9.3 3.58

Structural parameters for selected DNA duplexes. Lengths are given in &ngstroms; angles are in degrees. Under 8 torsion angles, we tabulate
the number of angles of B-type (118° < § < 180°) and the number of angles of A-type (50° < & < 95°) (6). The number of & angles between 95°
and 118° is tabulated in the Int (intermediate) column. We compute major and minor groove widths by calculating distances between two best-fit
helices through the phosphate atoms of the two DNA strands and then subtracting 5.8 A to account for the van der Waals radii of the phosphate
groups. For a DNA fragment making a nearly full helical turn, these groove widths agree well with the NEWHELIX values [for shorter segments,
the standard definition of the groove widths (6) used by NEWHELIX is not applicable]. Inclination (Incl), computed for the base-pair centerline
of C6-C8 with the NEWHELIX program, is approximately equal to the base-pair-plane inclination adopted by the Cambridge convention. Disp
is displacement of the base-pair centerline (C6-C8) from the helical axis. Rp is the radius of the best-fit cylinder through all the phosphates.
The parameter D is defined in Fig. 1. In our anali'sis, we split the DNA into shorter helical segments whenever the rms deviation of P atoms
from the best-fit cylindrical surface exceeded 1 A. When segmentation was necessary, we always attempted to use DNA segments that were
contacted by individual domains or subunits of the protein. DNA segments used in this table had the following sequences (reading along one
strand). Segments: 1, GGGATCCC; 2, GGGGCCCC; 3, TTGGGTGGT (bp 7-15); 4, GTACTAGTT (mol.2, bp 1-9); 5, GATGTTCTG (bp
10-18); 6, GCGTGGGCGT; 7, TAGACGTCT (bp 1-9); 8, TAATTACCTAA (bp 10-20); 9, TAAGGATA (bp 5-12); 10, CATGTAATTCATT-
TACACGC; 11, TCCTATGACTCATCCAG (bp 1-17); 12, GCGGTGATAT (bp 10-19); 13, AGTACAAAC (bp 1-9); 14, CAGAACATC (bp 1-9);
15, TTTCTTGTAT (bp 10-19); 16, ATACCACTGG (bp 1-10); 17, CCGGAGGACA (bp 1-10); 18, TTTGCCATGT (bp 1-10); 19, CGCGAA-
TTCGCG. We list parameters for only one half-site of the trp— and GAL4-DNA complexes, because other half-sites are structurally similar.
Tramtrack (TTK) parameters were averaged for the two similar copies of the complex present in the crystal (12).
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Conservation of the bZIP TFs

SEQUENCE ALIGNMENT
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STRUCTURAL ALIGNMENT
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MyoD: contact summary
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bHLH: additional information

Structural alignment:

1|O 20 3'0 4|0 5.0 E‘:O 7|0 %0
MYOD MOUSE MELKRKTTNADRRIKAATMREBRRRLSKVNEAFETLKR--S---=-TSSN-=-=-=====- PNQRLPKVEILRNAIRYIEGLQAL-L-RD-
PHO4 YEAST === === === MKRESHKHABOARRNRLAVALHELAS--LIPAEWK-QQNV-~-~-~-~ S--AAPSKATTVEAACRYIRHLQ-QNG-ST-
E47 MOUSE =~ =~ === = ===~ RRMANNARBRVRVRD INEAFRELGRMCQL-H-L=====eeew==- K--AQTKLLILQQAVQVILGLEQQVRE- -~
NEURODI_MOUSE= = = = = = = = = = SRRMKANARBRNRMHGLNAALDNLRKV-=-V-==-PCYS-=--vwwe-- KTQKLSKIETLRLAKNY IWALSEILRS-~--~
BMALI_HUMAN = ===~~~ RIKNAREAHSQ IBKRRRDKMNSFIDELASL--VPT-CNA--~--====~=~ MSRKLDKLTVLRMAVQHMKTLR-CA-~-~~~
CLOCK_HUMAN = == ===~ KDKAKRVSRNKSBKKRRDQFNVLIKELGSM-~=LP~-==CN-========~ A-RKMDKSTVLOQKSIDFLRKHKEITAWLEH
USF_HUMAN ~===~MDE-~-KR-BRAQHNEV@BRRRRDK I NNWIVQLSK~-=11-=PD==~~~ SSMEST--KSCQSKCGCILSKASDYIQELRQSNHR =~~~
MAD HUMAN === === ===~ SRSTHNEMBKNRRAHLRLSLEKLKGL--VP~--LG-P--m=vw==- DSSRHTTLSLLTKAKLHIKKLEDSDRKAV-
MAX_HUMAN NDDI EVESDADKRAHHNALBRKRRDHIKDSFHSLRD-~-SVP--SL-Q--======== CEKASRAQ I LDKATEYIQYMRRKN- -~~~
MYC_HUMAN ===~~~ CHMNVKRRTHNVLEBRQRRNELKRSFFALRDQ-~-IPE~--LE~-========~ NNEKAPKVVILKKATAY I LSVQAEEQK- -~
ISREBPIA_HUMAN = = = = = = QSRCEKRTAHNAIBKRYRSSINDKIIELKDL-==~~~ VV-Cr=mmm === TEAKLNKSAVLRKAIDYIRFLQHSNQK- -~
Conservation ’_‘
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bHLH: additional

information

Sequence-based alignment:

sp/P17106/CBF1_YEAST/1-351
sp/P16076/MYODB_XENLA/1-287
sp/P16075/MYOD1_CHICK /1-298
sp/P15923|TFE2_HUMAN/1-654
sp/P15884ITF2_HUMAN/1-667
sp/P15881(ITF2_CANFA/1-642
sp/P15806/TFE2_MOUSE/1-651
sp/P15375/MYF6_MOUSE/1-242
sp/P15173/{MYOC_HUMAN/1-224
sp/P15172/{MYOD1_HUMAN/1-320
sp/P15171/MYCB_XENLA/1-420
sp/P14003/HAIR_DROME/1-337
sp/P13904/MYODA_XENLA/1-289
sp/P13903/TWIST_XENLA/1-166
sp/P13526/ARLC_MAIZE/1-610
sp/P13349/MYF5_HUMAN/1-255
sp/P13098/ESM8_DROME/1-179
sp/P13097/ESM7_DROME/1-186
sp/P13096/ESMS_DROME/1-178
sp/P13027/ARRS_MAIZE/1-612
sp/P12980/LYL]_HUMAN/1-280
sp/P12979/MYOC_MOUSE/1-224
sp/P12525/MYCL2_HUMAN/1-357
sp/P12524/MYCL1_HUMAN/1-364
sp/P12523|MYC_AVIOK /1-416
sp/P11420/DA_DROME/1-710
sp/P10627|TWIST_DROME/1-490
sp/P10395/MYC_AVIM2/1-416
sp/P10166/MYCL]_MOUSE/1-368
sp/P10085/MYOD1_MOUSE/1-318

Conservation

Consensus

f .
kqgRKDSHKEV
adRRRAATMR
adRRKAATMR
ke RRVANNAR
ke RRMANNAR
ke RRMANNAR
ke RRVANNAR
tdRRKAATLR
vAdRRRAATLR
adRRKAATMR
ndKRRTHNVL
SdRRSNKP IM
adRRKAATMR
gsQRVMANVR
gt--KNHVMS
mdRRKAATMR
i yOKVKKPML
gyRKVMKPLL
lk--VKKPLL
at--KNHVMS
VaRRVFTNSR
vdRRRAATLR
wt KKKYHSYL
VEtKRKNHNFL
ndKRRMHNV L
ke RRQANNAR
snQRVMANVR
ndKRRTHNVL
VEKRKNHNFL
adRRKAATMR

11--000103

%393

%403 %413

RENINTAINVLSDLLPV-R~-
LSKVNDAFETLKRCTST-N-
LSKVNEAFETLKRCTST-N-
VRDINEAFKELGRMCQLhL-
VRDINEAFKELGRMVQLhL-
VRDINEAFKELGRMVQLhL-
VRDINEAFKELGRMCQLhL-
LKKINEAFEALKRRTVA-N- -~
LKKVNEAFEALKRSTLL-N-~-~
LSKVNEAFETLKRCTSS-N-~-~
RNELKLSFFALRDQVPRwR -
RARINNCLNELKTLILD-ATkE
LSKVNEAFETLKRYTST-N-~-~
TQSLNEAFSSLRKIIPT-L~-~~
REKLNEMFLVLKSLLPSiH-~--
LKKVNQAFETLKRCTTT-N-~~
RARMNKCLDNLKTLVAE-LR-~
RARINKCLDELKDLMAE-CVa-
RARMNKCLDTLKTLVAE-FQ--~
REKLNEMFLVLKSLLPSiH-~-~
QNVNCAFAELRKLLPThP-
LKKVNEAFEALKRSTLL-N-
RNDQRSRFLALRDEVPAIA-
RNDLRSRFLALRDQVPTIA-
RNELKLSFFALRDQIPEVA-
IRDINEALKELGRMCMThL-
TQSLNDAFKSLQQIIPT-L~-
RNELKLSFFALRDQIPEVA-
RNDLRSRFLALRDQVPTIA-
LSKVNEAFETLKRCTSS-N-

4227422813 - 433641-2~-~-~

%476 ' %486 . %496 ]
LACAAEY IQKL-ketdeaniekwtlqg
LRNAISYIDSLQt I Ilrdgegs!lypnm
LRNAIRYIESLQallreqgedayypvl
LHQAVSVILNLEggvrernlinpkaac
LHQAVAVILSLEgqgvrernlinpkaac
LHQAVAVILSLEgqgvrernlinpkaac
LHQAVAVILSLEggvrernlinpkaac
LRSAISYIERLQd!I Ihrldggekmge
LRSAIQY I ERLQallssIngeerdlr
LRNAIRYIEGLQallrdgdaappgaa
LKKATEYA--~--ismgederrliret
ARHSKILEKADILEKTVKHLQELQrggaamggaadpki
~-PNQR[LPKVEILRNAIRYIESLQallhdgdeafypvl
~-PSDEK[LSKIQTLKLASRYIDFL-cqvigsdeldskma
--=--RIVNKASI LAETIAYLKELQrrvgelessrepas
~-PNQR[LPKVEILRNAIRYIESLQel lregvenyyslp
GDDGIMDKAEMLESAVIFMRQ--gktpkkvageeqs |
TCDAK|FEKADILEVTVQHLRKL-keskkhvpanpeqgs
GCDDAIMDKAEMLEAALVF mrkgvvkggapvsp
--=--RIVNKASI LAETIAYLKELQrrvgelessrepas
~-PDREK[LSKNEVLRLAMKY IGFL-vrllrdgaaalaag
~-PNQR[LPKVEILRSAIQYIERLQallsslingeerdlr
~-SCSRIVSKVMI LVKATEYLHEL-aeaeermatekrqgl
~-SCSKIAPKVVILSKALEYLQAL-vgaekrmatekragl
~-NNEKIAPKVV I LKKATEYVLSIQsdehrliaekeqglr
~-KSDKIQTKLGI LNMAVEVIMTL-eqgvrerninpkaa
~-PSDEK[LSKIQTLKLATRYIDFL-crmlsssdisllka
~-NNEKIAPKVVILKKATEYVLSIQsdehrliaekeqglr
~-SCSKIAPKVVILSKALEYLQAL-vgaekkmatekraqgl

-PNQRILPKVEI
-PNQRILPKVEI
-PNQRILPKVEI
~-NNEKAPKVV I

~-PNQR|LPKVEILRNAIRYIEGLQallrdgdaappgaa
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HTH additional information
!

9anta/l1-56
2ech/1-76
1s7e/1-50
2cqx/1-59
1ftz/2-70
1wi3/1-71
2ecc/1-76
locp/1-67
1ftt/1-68
1bw5/1-66
1hdpAa-63
1akhb/1-78
luhs/1-72
2cue/1-68
1nk22-77
1x2m/1-52
1293/1-67
2craf1-58
1pufafl-77
2elo/1-57
1x2n/1-62
1h723/1-68
lakha/1-49
1h8ib/1-58
2lkx/1-60
1h8iaf1-62
1fjlaf1-65
loct/1-60
3hddb/1-56
3hddaf1-55
9anth/1-56
1ig7/1-58
1jgga/1-57
1jggh/1-57
1fjib/1-58
2fjlc/2-59
1au7a3/1-58
1au7b/1-58
1aplc/1-59
1apldf1-58
1pufb/1-73
1h72b/2-73

Conservation

Consensus
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K-
R -
R-
RT|
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AA
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RV
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R
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oV
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RT
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RT
RT
RT
RT
GH)
GH
RR

FT--
VE - -
TYT-
KI1S-
RKT -
SI1E-
LFS-
VLN -
I1E- -
RFT-
TMT -
SFT-
LFT-
TFTS
PYSK
PYTK
RF SN
VLPK
NF TT
-1SP
NF SK
HF TS
TYTR
TFSA
SIET
AF S S
AF S S
TYTR
PFTT
AF TR
AF TR
TFSA
TFSA
TIS1

VQRRTLHA I FK
-PNDTLEKVF V|
YQTLELEKEFH,|
EALGILQSF IH
EQLAILKSFFL
RVRWSLETMF L
AQVYELERRFK|
KQLHTLRTCYA
NVRFALEKSF L
ENVRILESWFA
DQVE ILEYNFN|
EQIEALEKEFE
AQTYELERRFR
QPNAILEKVFT
SQIAELEQHF L
GQLRELEREYA
HQTLELEKEFL|
DQTIELEKKFE|
HATNVMRSWLF
RQLTELEKEFH
QARAFLEEVFR
QASEILNEYFY)
QQLQELEATFQ
YQTLELEKEFH)
SQLDELERAFE
NI RVALEKSF L
EQLARLKREFN
EQLARLKREFN
YQTLELEKEFH)
AQLLALERKFR
DQLGRLEKEFY)
DQLGRLEKEF Y|
SQLDELERAFE
SQLDELERAFE
AAKDALERHF G|

TIS1
RF TK|
RF TK|
N F N K

RR

N F N K|

AAKDALERHF G|
ENVR I LESWF A
ENVRILESWFA
QATEILNEYFY)|

T
NRYLITRRRRIEIAHALSLTERQIKI
SSVLITDEELNRLRAQTKLTRREIDA
KR-P[SKELQITISQQLGLE-LSTVS
TKYPDEKRLKGLSKQLDWSVRKIQC
NRY I[TRRRRIDIANALSLSERQIKI
GLYPDQEAIHTLSAQLDLPKHTI IK
CQWAIRREDYQKLEQ ITGLPRPE I IQ|
CPKP[SLQQ I THIANQLGLEKDVVRV
QKYLISAPEREHLASMIHLTPTQVKI
NPRPDALMKEQLVEMTGLSPRV IRV
NQKPTSEEILLIAEQLHMEKEV IRV
NPYLDTKGLENLMKNTSLSRIQ IKN,|
NKHPDPTTLCL I AAEAGLTEEQTQK]
THYPDVFARERLAAKIDLPEARIQV
QRYLISAPEREHLASLIRLTPTQVKI
TKHPDEKRLEGLSKQLDWDVRS IQR]
GRYLITAPRLADLSAKLALGTAQVKI
NKF I[TKDKRRKISAATSLSERQITI
NMYLITRDRRYEVARLLNLTERQVK I
QKYLISPPERKRLAKMLQLSERQVKT]
HPYPITEDEKKQ | AAQTNLTLLQVNN,|
NKYLISRARRVEIAATLELNETQVKI
KQSLINSKEKEEVAKKCGITPLQVRV
NPYP|SEEAKEELARKCG I TVSQVSN,|
NRYPDMSTREE | AVWTNLTEARVRV
NHYLITRRRRI EMAHALSLTERQIKI
TQYPD I YTREELAQRTNLTEARIQV
NQKPTSEEITMIADQLNMEKEV | RV
NRYLITERRRQQLSSELGLNEAQIKI
NRYLITERRRQQLSSELGLNEAQIKI
NRYLITRRRRIEIAHALSLTERQIKI
KQYL|S | AERAEFSSSLSLTETQVKI
ENYVSRPRRCELAAQLNLPEST KV
ENYVSRPRRCELAAQLNLPEST KV
TQYPDIYTREELAQRTNLTEARIQV|
TQYPD I YTREELAQRTNLTEARIQV
HSKP[SSQE IMRMAEELNLEKEVVRV|
HSKP[SSQE IMRMAEELNLEKEVVRV|
NPYLDTKGLENLMKNTSLSRIQ IKN,|
NPYLDTKGLENLMKNTSLSRIQ IKN,|
NPYP|SEEAKEELAKKCG I TVSQVSN,|

QATEILNEYFY)|

NPYPSEEAKEELAKKCG I TVSQVSN,|
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HTH additional information

sp|Q90229|DLX3_AMBMER2T-183
sp|Q6F2E3|IAX]_XENTR/A45-196
sp|Q3LUAS|PROPI_ALOBET0-126
sp|QSATF2|ZHX2_PONAB/MK46-496
sp|PROTE4|DLX2_MOUSEAS56-212
sp|Q8SE97 |BLHS _ARATHZ45-296
s0|Q9UMOS|BARXS _HUMANI3L-190
sp|QBEUPI|ZFHX4_HUMANELS2-2238
5p|P24340|HXDS_CHICK2-58
5p|P15857 |HMIT_APIMER0-66
sp|B3DM23|PSFI3_XENTRB02-357
sp|Q15911|ZFHX3_HUMANR243-2299
5p|Q5QMM3|WO XS ORYS/S0-150
sp|Q4PSRT|ATE22 _ARATH/70-133
sp|Q6F2E2|VEX]_XENTR/A31-156
5p|Q8SRO8|HD2_ENCCU225-179
sp|Q62066|PHA2A_MOUSESI-147
5p|P14838|HXB5_CHICK/S-64
5p|QBCOCO|ZHX2_MOUSE/R46-496
sp|Q01822|HXD1_MOUSER32-285
5p|Q7 YRXO|RAX2 _BOVINES-84
sp|P42586|NKX22_MOUSER29-185
sp|A1 YGIE| TF2LX_PANPAT £-107
5p|0551 44| TLX3_MOUSEA6T-223
sp|QOM2TE|ATBI2 _ARATHE2-3
sp|Al YF22|ZHX1_GORGOMAES-717
sp|QOMRES|HDGT_ARATHA11-166
sp|PO9G3L |HXAS_MOUSER06-262
5p|Q9 YG TE|HXASA_DANREAS1-247
5p|P23463|HXDS_MOUSER96-252
sp|O437 12| TLX3_HUMANAGET-223

' ! '
RKPRTIYSSYQLAALQR
LN
RRHRTTFSAVOLEQLES
KTKEQ | AHLKA
RKPRTIYSSFOLAALQR
RRERTIFTELOLMGLEK
RESRTRFTDYQLRWLQOD
RKKRCPYTKYQTLELEK
RKPRTPFTTOQOLLSLEK
RKMRTCFDSVLKGRLEG
RESSRTRFTDYQLRWLQOD
-RORWTPTPMOQLQILEN
-KKKKKMTSEQLKFLER
-RARTKFTAEQLEELEK
--TRANFPMDTSQLLRS
RRIRTTFTSAQLKELER
KRARTAYTRYQTLELEK
KTKLO I AHLKA
---RTNFSTKQLTELEK
RRNRTTFTTYQLHQLER
RKRRVLFSKAQTYELER
KKPRTSFSRVQICELEK
----KRFSEEQIKSLEL
TPEQLHMLKS
KKRYHRHTPKQ IODLES
RKKRCPYTKHOQTLELEK
KRPRTAYTRYQTLELEK
RRGROTYSRFOQTLELEK

v (R [ 1 '

RFOAQYLALPERAELAAQL
EHRNPYPTKGEK IMLAI IT
AFGMNOYPD IWARESLARDT
SFLISOFPDDAEVYRLIEWVT
RFOITOYLALPERAELAASL
-FEHPYPRDLDKYMLAKQT,
KFOOKYLSTPDRLDLAQOSL
FFDMNAYPKDDEIEQLSTWVL
EFLMNMYLTRDRRYEWVARIL
KFRKQYLTIAERAEFSSSL
HFMNOKPGARELAE | AKEL
FFDMNAYPKDDEFEQLSNLL
IFDNGTPSKOQKIKDITAEL
SFOKMKLNPDRKMKLSKEL
SFKMNRYIGSSEKRRLSKWVL
WLKMNPYPSDAEKAYLCQKT
VFATHYPD IYTREELALKI
EFHNRYLTRRRRIE I AHAL
SFLSQOFPDDAEVYRLIEWVT
EFHMNKYLTRARRIEIANCL
AFESHYPDVYSREELAAKW
RFRORYLSAPEREHLASLI
---[KAYPSEEEKQMLSEKT
RFHOKYLASAERAALAKSL
IFEETRLEPRKKWVQWVAREL
AFVITOWPSPEEYDKLAKES
VEFKCAHPDEKOQRLDLSRRL
EFLMNMYLTRDRRYEWARLL
EFHNRYLTRRRRIEIAHTL
EFLNPYLTRKRRIEVSHTL

KKPRTSFSRVQ ICELEK

¥ 1 ' 1
GLTOTOVK IWFONR
KMTLTOWS TWF ANA
GLSEARIOVWFONR
GLARSEIKKWFS.H
GLTOTOVK IWFONR
GLTKSOWVSNWF | NA
GLTOLOVKTWYQNR
NLPTRY I VVWFONA

ARSKIR
ARWKN,
MK F KR
RR - -1-1
AKF RIK,
MEKWKK!
YRCOQR

GLOPRO | AVWFONR
KLSENQ | KTWFONR
GLGPAQ | NNWF | NA
DLTEARVOVWEQNR
CLSEROQ I K IWFONR
GLARSE | KKWF sBH
QLNDTOWVK | WFQNR
HLPEVRVOVWFONR
RLTPTQWVK | WFOQONH
NLSLLO | SNWF | NA
KMTDAQWVK TWFONR
GLOPROVA | WFQNK
GLARTD | VSWFGHBT
NLDPROVKFWFONR
NLTERQWVK | WFQNR
CLSEROQ I K IWFONR K|
ALTEROVK | WFONRRMKWEKK

RFHOKYLASAERAALAKSL

KMTDAQWVK TWFONRRTKWRIR!

posteriorprobabilty 799 * X X X X X K KKK K KKK KKK KKK KKK KK KKK KKK KKK KKK KKK KKK KKK KKK NG G T



HTH additional information
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CAG additional information

Initial alignment between CAG and CENP-B:

30 40 70 80
1 1 1 '

tag/1-225 IPSCRVRKP ——TS. .MEV.SQIR'—KISVRDLIK-CKTQAAD. IKECLLSCELKLNQMRRIP QRGAQIDEM

CENP-B[Homo/1-385 MGP - - - - - --RQ SRIMAEVEENP DERKGE | AR PPSTLST LASERKYGVASTCRKTMKIESIP - YDKLEGL
90 130 140 150 160 {70

cag/1-225 CFD SRV TENI IEMVRK KQLI .HSNIS.S-EKWIK.NIRYND ---------------------------- DELD

CENP-B[Homo/1-385 L | A QQI AACL | I LKEKAILR I MDDIET &SN DR FRRRHG VSCSCVARARARNAAPRTPAAPASPAAVPSECS GETT
270 280 290 300 310 320 330 340 350

WN= === ===~

cag/1-225
CENP-B[Homo/1-385 PCDYTANSKCGCVTTQALAKYLKALDTRMAAESRRVLLLAGRLAAQSLDTSCGLRHVQLAFFPPGTVHP LERCVVQOQVKCHYRQAMLLKAIGR

360 370 380 390
IFKKEIP

€CAgf1=22 ceccccccccccccccccccccccccccca-
)

CENP-B[Homo/1-385 ARGPGSLRPAAGSHGGPALCGCRLAGSGAFGHSRL



