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DNA  RNA  proteins  cell 
idenFty 

IntroducFon     

ChromaFn remodellers 
Transcrip4on factors  

Sequence‐specific DNA recogni4on: 
‐  Sequence‐dependent DNA structure and flexibility 
‐  Physicochemical signatures of base pairs 

DNA in B form 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IntroducFon     

RecogniFon based on loops  RecogniFon based on β‐strands 

RecogniFon based on α‐helices 

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

MyoD(1MDY) 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Zif268(1ZAA)  C/EBPa (1NWQ)  Antp (9ANT) 



Methodology  

HMMSEARCH 
SEQUENCE 
ALIGNMENT 

STAMP WITH 
ALIGNFIT 

STRUCTURAL 
ALIGNMENT 

•  Alignments : 

‐ E 0.0001 

‐ A opFon to retrieve the alignment 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Methodology  

• JalView representaFon of the alignments:  

Threshold by  
Conserva4on 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Methodology  

• Manual annotaFon of the most 
conserved residues: conservaFon score  

•  Main interacFons of the example: 

 #     Fold    
 @   Non‐specific interacFons 
 $     Specific interacFons 
 aa. leler     Structure conservaFon 
 aa. leler   Sequence conservaFon 

• Consensus logo 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1 |  IntroducFon  Methodology  Zn 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 bZip  bHLH 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Zinc Fingers TFs   
Zn finger domain: 
28‐30 amino acids 

SCOP classifica4on: 
• 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 

• Func4ons: 
•  ReplicaFon, reparaFon, transcripFon 
•  Metabolism, signaling 
•  Cell proliferaFon, apoptosis 

• Tandem major groove DNA 

• Interac4on with biomolecules: DNA, RNA, 
 proteins. 

• Example: Zif268 = EGR‐1 (Early growth response  
protein 1 )   criFcal role in neuronal plasFcity 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

E.g: Zif268 = Early growth response protein 1. PDBid 1AAZ 



Cys2His2 zn finger (Zif268): binding to DNA     

• N‐terminal porFon of alfa‐helix 

• 3 bp subsite per finger ”anFparallel” 

DNA‐binding site: 

 Znfinger 1 : 
   

 Znfinger 2 

 Znfinger 3: 

Zif268 Zn fingers sequence: 

Znfinger 1 

Znfinger 2 

Znfinger 3 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1 | 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 Zn 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 bZip  bHLH 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Zinc Fingers TFs   

SuperimposiFon of the Zn finger domains 

•  Entries bound to DNA: 31 

   Structures superimposed: 59 

•  PFAM: Zn fingers (PF00096)  
•  Hmmer hits (<0.0001):10663 

     Sequences aligned: 10663 

RMSD: 1.00Å 
Score: 6.64 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1 | 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Cys2His2 zn finger (Zif268): structure   

The Zn is tetrahedrally coordinated 
between 2 Cys and 2 His 

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 interacFon between residues. 

His25 

Cys12 

Cys7 

His29 

Zinc finger 1 

Y/F  Y/F  Y/F  Y/F  Y/F  Y/F 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Cys2His2 zn finger (Zif268): structure   

Hydrophobic core: highly conserved 
hydrophobic residues 

His25 

Ile28 

Phe16 

Leu22 

Val9 
Ile26 

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 interacFon between residues. 

InteracFons between residues 

Cys7 
Arg14 

Phe16 

Tyr5 

Pro4 

Zinc finger 1 

Y/F  Y/F  Y/F  Y/F  Y/F  Y/F 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Cys2His2 zn finger (Zif268): phosphate contacts  

Arg14 

Arg3 

His25 

5’‐AGCGTGGGCGT‐3’ 
3’‐TCGCACCCGCA‐5’ 

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

Zinc finger 1 

Y/F  Y/F  Y/F  Y/F  Y/F  Y/F 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Cys2His2 zn finger (Zif268): bases contacts     

Arg24 

Glu21 

Arg18 

Asp20 

5’‐AGCGTGGGCGT‐3’ 
3’‐TCGCACCCGCA‐5’ 

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

Zinc finger 1 

Y/F  Y/F  Y/F Y/F  Y/F Y/F 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Cys2His2 zn finger (Zif268): bases contacts     

Asp48 

Arg46 

His49 

5’‐AGCGTGGGCGT‐3’ 
3’‐TCGCACCCGCA‐5’ 

Zinc finger 2 

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

Y/F  Y/F  Y/F Y/F  Y/F Y/F 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1 |  IntroducFon  Methodology  Zn fingers  bZip 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 HTH 



Final summary 

Structural align. 
Consensus logo 
(59 str) 

Sequence align. 
Consensus logo 
(10663 seq) 

@ @ 
#  #  #  #  #  #  # 

Y/F  Y/F  Y/F Y/F  Y/F Y/F 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

# 



TWO REGIONS: basic (N‐ter) and leucine zipper (C‐ter) 
Different DNA binding sites and dimerizaFon properFes 
depending on its subfamily 

FOS 
CNC 

HETERODIMERS 
large MAF 

HCF 

The basic leucine zipper (bZIP) TFs   
bZIP domain: 
60‐80 amino acids 
SCOP classifica4on:  
•  Class: h: Coiled coil proteins 
•  Fold: h. 1: Parallel coiled‐coil 
•  Superfamily: h.1.3: Leucine zipper domain   
•  Family: h.1.3.1: Leucine zipper domain  

PAR 
CREB 

HOMODIMERS 
Oasis 
ATF6 

C/EBP 
ATF 2, 4 

HOMO./HETERO. 
JUN 
MAF 

FUNCTIONS: 
‐ Mitogenic sFmulaFon 
‐ Stress response 
‐ Cytokine sFmulaFon 
‐  Development 

5’‐TATTGCGCAATA‐3’ 
3’‐ATAACGCGTTAT‐5’ 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

E.g: C/EBPa . PDBid:1NWQ 



RMSD: 1,34Å 
Score: 7,96 

SuperimposiFon of the crystalized bZIP domains:  
C/EBPa, C/EBPb, C‐Fos, C‐Jun, CREB,  cAMP ATF2 
and GCN4.  

•  13 entries bound to DNA 

             Structures superimposed: 7 
             DiscardedDNA binding domain:  
                   bHLH or Zn‐finger 

•  277 hmmer hits (<0.0001) 

    
Sequences aligned: 273 
Discarded: those presenFng 
uniquely homology with the 
leucine zipper region) 

The basic leucine zipper (bZIP) TFs   

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip 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coiled 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and 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two 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hydrophobic core 

D: Leu 
A: hydroph 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hydrophobic core 
electrosta4c interac4ons 

G: Acidic 
E: Basic 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D: Leu 
A: hydroph 
G: Acidic 
E: Basic 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interacFons and a interhelical hydrogen bond (N‐N) 

          312                     322                      332 
LEUCINE ZIPPER 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|  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 



C/EBPa: dimerisaFon contacts/fold 
The protein‐DNA interface is stabilized by interacFons between side chains of basic 
region aminoacids 

BASIC REGION 

Tyr285 

Arg289 

Asn292 
Asn293 

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

            280          296         292         297         302 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1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 



5’‐TATTGCGCAATA‐3’ 
3’‐aTAACGCGTTAT‐5’’ 

C/EBPa: phosphate contacts 

Ser 299 

Lys 298 

Arg 291 

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 

BASIC REGION 
            280          296         292         297         302 

    Part 1 |  IntroducFon  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. 

Arg 297 

Asn 293 

Arg 286 

Tyr 285 

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

BASIC REGION 
            280          296         292         297         302 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5’‐ATTGCGCAAT‐3’ 
3’‐TAACGCGTTA‐5’ 



C/EBPa: phosphate contacts 
Most non‐specific contacts are hydrogen bonds between phosphates and either basic or 
polar aminoacids. 

Arg 297 

Asn 293 

Arg 286 

Tyr 285 

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

BASIC REGION 
            280          296         292         297         302 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

5’‐ATTGCGCAAT‐3’ 
3’‐TAACGCGTTA‐5’ 



5’‐ATTGCGCAAT‐3’ 
3’‐TAACGCGTTA‐5’ 

C/EBPa: base contacts 

Arg 289 

Asn 292 

Ala 295 
Val 296 

Ser 299 

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

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

BASIC REGION 
            280          296         292         297         302 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283        288        293        298        303        308        313        318        323        328        333        338 

C/EBPa: base contacts 

Arg 300 Val 296 

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

BASIC REGION 
            280          296         292         297         302 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3’‐TAACGCGTTA‐5’ 



5’‐ATTGCGCAAT‐3’ 
3’‐TAACGCGTTA‐5’ 

C/EBPa: base contacts 

Arg 300 Val 296 

Important electrostaFc interacFons 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 

BASIC REGION 
            280          296         292         297         302 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

5’‐ATTGCGCAAT‐3’ 
3’‐TAACGCGTTA‐5’ 



bZIP: final summary 

# 
$ @ 

@ @ 
$ $ 

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

#  #  # # # 
$ $ 

# 

    Part 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|  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

Structural align. 
Consensus logo 
(7 str) 

Sequence align. 
Consensus logo 
(273 seq) 



The basic‐helix–loop‐helix (bHLH) TFs     

Dimerisa4on: Homo/heterodimers 

“Classical” binding site: E‐box: 5’‐CANNTG‐3’ 

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

Func4ons (mammals): 
•  Development: MyoD, NeuroD 
•  Cell cycle (cancer): Myc 
•  Other: circadian clock control: Clock, BMAL1 

bHLH domain: 
60 amino acids 
SCOP classificaFon:  
•  Class a: all alpha 
•  Fold: a.38: HLH‐like 
•  Superfamily: a.38.1: HLH, helix‐loop‐helix DNA‐binding domain  
•  Family: a.38.1.1: HLH, helix‐loop‐helix DNA‐binding domain  

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

E.g: MyoD (PDBid: 1MDY) 



The basic‐helix–loop‐helix (bHLH) TFs     

RMSD: 2.08Å 
Score: 5.44 

SuperimposiFon of the crystalized bHLH domains 

•  11 entries bound to DNA 

•  PFAM: HLH (PF00010) 
•  Hmmsearch hits: 645 (E‐value <0.0001) 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

Structures superimposed (non‐redundant): 11 

Sequences aligned: 619 
(ID family, which lacks basic region 
and doesn’t bind DNA,  
was discarded). 



MyoD (bHLH domain): structure   

bHLH (residues 108‐166): 
‐basic region::DNA binding (major groove) 
‐H1,, LOOP,, H2: dimerisaFon 

MyoD preferred binding site: 
   5’‐CAGCTG‐3’ 

Each monomer does the same 
interacFons (symmetry). 

5’‐CAGCTG‐3’ 
3’‐GTCGAC‐5’ 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 



MyoD: dimerisaFon contacts/fold   
The dimer is stabilised by packing interacFons (VDW) and the hydrophobic effect. 
Hydrophobic side‐chains of H1 and H2 are importantly involved in these contacts. 

basic  H1  H2 

I/L  I/F 

green/white/blue:interfacing residues according to Longo et al, colored by residue type. 
red:addiFonal interfacing residues according to Pisa (Thr136, Ala153) 
yellow: Conserved Ile. Interfacing residue in other bHLH.  Not explicitated as interfacing residue in MyoD. 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1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 



MyoD: phosphate contacts   
Most non‐specific contacts are electrostaFc interacFons between phosphates and arginines 
of the basic region . 

Arg111 
Thr115  Arg119 

5’‐TCAACAGCTGTT‐3’ 
3’‐AGTTGTCGACTT‐5’ 

I/L  I/F 

basic  H1  H2 loop 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 Methodology 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fingers  bZip 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MyoD: phosphate contacts   
Residues outside the basic region also contact phosphates. 

FOTO 

5’‐TCAACAGCTGTT‐3’ 
3’‐AGTTGTCGACTT‐5’ 

Arg143 

Asn126 

Lys146 

basic  H1  H2 loop 

I/L  I/F 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| 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fingers  bZip 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MyoD: base contacts   
Arg111, Thr115 and Glu118 are responsible for sequence‐specific contacts with the bases.  
No direct contacts are observed with the two central bases. 

Glu118 

5’‐TCAACAGCTGTT‐3’ 
3’‐AGTTGTCGACTT‐5’ 

basic 

I/L  I/F 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MyoD: base contacts   
Arg111, Thr115 and Glu118 are responsible for sequence‐specific contacts with the bases. No 
direct contacts are observed with the two central bases. 

Glu118 

5’‐TCAACAGCTGTT‐3’ 
3’‐AGTTGTCGACTT‐5’ 

basic 

Arg121 

5’‐TCAACAGCTGTT‐3’ 
3’‐AGTTGTCGACTT‐5’ 

I/L  I/F 

Glu118 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| 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fingers 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A specific amino acid sequence determines a specific DNA 
binding site. 
ArgTyr: change in the conformaFon of Glu due to loss of 
a salt‐bridge. 

The importance of sequence   
basic 

MyoD 
SREBP1A 
SREBP1A 

5’‐CAGCTG 

Glu118 

Arg121 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

Canonical E‐box: CACGTG 
StRE—5′‐BPyCACNCCAPy‐3′  
   (B:  anything except T, Py:pyrimidine) 

  e.g.: 5′‐ATCACCCCAC‐3 



MyoD: base contacts   
Arg111, Thr115 and Glu118 are responsible for sequence‐specific contacts with the bases. No 
direct contacts are observed with the two central bases. 

Arg111 

Thr115 

5’‐TCAACAGCTGTT‐3’ 
3’‐AGTTGTCGACTT‐5’ 

basic 

I/L  I/F 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1 | 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fingers  bZip  bHLH 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The importance of sequence 
ConservaFon at one posiFon does not always imply same structure/funcFon. Surrounding 

residues maler!  

MyoD 
PHO4   
Max 

Arg111 

I/L  I/F 

basic 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| 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 Methodology  Zn fingers  bZip  bHLH  HTH 



bHLH: final summary   

I/L  I/F 

@  @ @  @  @ 

$  $  E‐Box:5’‐CANNTG‐3’ 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

Structural align. 
Consensus logo 
(11 str) 

Sequence align. 
Consensus logo 
(619 seq) 

#  #  #  #  #  # # 



The helix turn helix (HTH) TFs     

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

Func4ons:  
•  Embrionic axial palerning (Antennapedia, Engrailed, Bicoid) 
•  Pluripotency manteinance (NANOG) 

HTH domain: 
60 amino acids 

SCOP classificaFon:  

• Class a: all alpha 
• Fold: a.4: DNA/RNA‐binding 3‐helical bundle 
• Superfamily: a.4.1: Homeodomain‐like  

• Family: a.4.1.1: Homeodomain    N‐Ter  

Helix1 

Loop   Helix2 
Turn 

Helix 3 

E.g: Antennapedia homeodomain. PDBid 9ANT 

5’‐GAAAGCCATTAGAG‐3’ 
3’‐CTT TCGGTAATCTC‐5’ 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| 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 Zn fingers  bZip  bHLH  HTH 



RMSD: 1.54Å 
Score: 3.25 

• 41 protein domains (65 structures) 

   SuperimposiFon of 39 domain  
   coordinates files from SCOP  
   (two sequences with a large  
   inserFon were removed) 

• Pfam Homeobox (PF00046) 
• hmmsearch hits (E‐value<0.0001) 

The helix turn helix (HTH) TFs     

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 

Sequences aligned: 1613 fragments 



Antp: Hydrophobic core     

Antp_Dmel 
Antp_Fold 
Structure_cons 
Sequence_cons 

Hydrophobic core: Leu16, Phe20, Ile34, 
Leu38, Ile45, Trp48, Phe49 

Leu16 

Leu38 

Ile34 

Phe20 

Trp48 
Phe49 

Ile45 

5’‐GAAAGCCATTAGAG‐3’ 
3’‐CTT TCGGTAATCTC‐5’ 

    Part 1 |  IntroducFon  Methodology  Zn fingers  bZip  bHLH  HTH 



Antp_Dmel 
Antp_phosphates 
Structure_cons 
Sequence_cons 

Antp: Phosphate contacts   

Arg121 

Arg117 

ElectrostaFc: Arg43, Arg52,  Lys55 
HB: (Gln6), Tyr8, Gln44 

Lys55 

Arg52 

Arg43 
Gln44 

Tyr8 

Gln6 

5’‐GAAAGCCATTAGAG‐3’ 
3’‐CTT TCGGTAATCTC‐5’ 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CORRECCIÓ BALDO & NURIA: 
L’Arg52 surt al llibre de text  de 
Branden & Tooze però no al paper 
on descriuen el cristall!! No l’hauria 
d’haver Fngut en compte, està 
massa lluny… sorry! 



Antp: Phosphate contacts   

ElectrostaFc: Arg28, Arg31, Arg53 
HB: Tyr25 

Arg121 

Arg117 

Tyr25 

Arg31 

Arg53 

Arg28 

Antp_Dmel 
Antp_phosphates 
Structure_cons 
Sequence_cons 

Antp_Dmel 
Antp_phosphates 
Structure_cons 
Sequence_cons 

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

Arg121 

Arg117 

Water mediated HB: Asn51, Gln50, C7, T8 
Direct HB: Asn51‐A9 

T8 

C7 

Asn51 
Gln50 

A9 

Antp_Dmel 
Antp_Fold 
Structure_cons 
Sequence_cons 

Antp_Dmel 
Antp_bases 
Structure_cons 
Sequence_cons 

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

Arg121 

Arg117 

HB: Arg5 T11 

Antp_Dmel 
Antp_Fold 
Structure_cons 
Sequence_cons 

Antp_Dmel 
Antp_bases 
Structure_cons 
Sequence_cons 

5’‐GAAAGCCATTAGAG‐3’ 
3’‐CTT TCGGTAATCTC‐5’ 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Antp: Summary 

Arg121 

# # # # # #  @  @ @ $ # 

Structural align. 
Consensus logo 
(39 str) 

Sequence align. 
Consensus logo 
(1613 seq) 

@ 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  Part1: TranscripFon factors 
  IntroducFon 
 Methodology 
 TranscripFon factor families: 

•  Zinc fingers (Zn fingers) 
•  Basic Leucine Zipper (bZip) 
•  Basic‐helix‐loop‐Helix (bHLH) 
•  Helix Turn Helix  (HTH) 

  Part2: Molecular domesFcaFon of DNA binding domains: CAG 
  IntroducFon  
 Modelling strategies 
 Final models 
 Sequence analysis 

  Conclusions 

Outline  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IntroducFon    

Transposable Elements:  Jumping Genes 

Tranposons encode the enzymes necessary for their own mobilizaFon. 

Tn5 transposase. PDBid: 1MUH 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IntroducFon    

Molecular Domes4ca4on: Turning junk into gold 

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

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

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

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

DBD 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IntroducFon    

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Pogo transposase 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim  CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Fission yeast lineage 

Cbh1 

Cbh2 

Abp1 

Mammalian lineage 

CENP‐B 

DomesFcaFon DomesFcaFon 

Human CENP‐B DBD (1hlv) 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IntroducFon    

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Pogo transposase 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim  CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Fission yeast lineage 

Cbh1 

Cbh2 

Abp1 

Mammalian lineage 

CENP‐B 

DomesFcaFon DomesFcaFon 

CENP‐B  HTH_Tnp_Tc5 

1                               225 

CAG 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IntroducFon    

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Pogo transposase 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim  CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Fission yeast lineage 

Cbh1 

Cbh2 

Abp1 

Mammalian lineage 

CENP‐B 

DomesFcaFon DomesFcaFon 

CENP‐B  HTH_Tnp_Tc5 

1                               225 

CAG 

Is it a CENP‐B  
homologue?  

34% idenFty over 137 aa  
with human CENP‐B 

25% idenFty over 149 aa 
 with Dmel pogo Tnp 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IntroducFon    

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Pogo transposase 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim  CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Fission yeast lineage 

Cbh1 

Cbh2 

Abp1 

Mammalian lineage 

CENP‐B 

DomesFcaFon DomesFcaFon 

CENP‐B  HTH_Tnp_Tc5 

1                               225 

CAG 

Is it a CENP‐B  
homologue? 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137 aa  
with 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25% idenFty 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pogo 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IntroducFon    

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Pogo transposase 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim  CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Fission yeast lineage 

Cbh1 

Cbh2 

Abp1 

Mammalian lineage 

CENP‐B 

DomesFcaFon DomesFcaFon 

CENP‐B  HTH_Tnp_Tc5 

1                               225 

CAG 

Is it a CENP‐B  
homologue? 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Modelling and  MSA analysis  

Where is this 
protein binding? 



Methods: overview  

1. Look for matching HMM (hmmscan) 

2. Search for templates: hmmsearch with best HMM (CENP‐B) in pdb database. 

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

CENP‐B  HTH_Tnp_Tc5 

1  7    59    81        137             225 

CENP‐B  HTH_Tnp_Tc5 

1  7    59    81        137             225 

1hlv (131aa) 

2elh (87aa) 

1bw6 (56aa) 

CENP‐B 

CENP‐B 

CENP‐B  HTH_Tnp_Tc5 

CAG 

CAG 

1hlv 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Modelling strategies   
1bw6+2elh+1hlv  

(3 templates) 
STAMP  hmmbuild 

hmmalign CAG(1‐140) +3 templates 

hmmalign CAG(1‐140)+ 1hlv 

Modeller:1/2 

Modeller: 3/4 

    Part 2 |  IntroducFon  Modelling strategies  Final models  Sequence analysis 

Mod1/2 

Mod3/4 



Modelling strategies   

1hlv 
Mod1: 2.36 Å (3.54) 
Mod2: 2.29Å (6.04) 

1hlv 
Mod3: 1.31 Å(7.72) 
Mod4:2.21 Å (4.73) 

Z‐comb  Z‐pair  Z‐surf 

1hlv  ‐6.66  ‐6.34  ‐3.47 

Mod1  ‐5.99  ‐5  ‐3.69 

Mod2  ‐6.31  ‐4.86  ‐4.30 

Mod3  ‐6.70  ‐5.40  ‐4.33 

Mod4  ‐6.44  ‐5.13  ‐4.22 

1bw6+2elh+1hlv  

(3 templates) 
STAMP  hmmbuild 

hmmalign CAG(1‐140) +3 templates 

hmmalign CAG(1‐140)+ 1hlv 

Modeller:1/2 

Modeller: 3/4 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Prosa energy 
profiles and 
Z‐scores 



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 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Mod5/6 

Mod7/8 



Modelling strategies   

Z‐comb  Z‐pair  Z‐surf 

1hlv  ‐6.66  ‐6.34  ‐3.47 

Mod5  ‐4.17  ‐4.17  ‐1.87 

Mod6  ‐3.86  ‐4.25  ‐1.34 

Mod7  ‐4.76  ‐4.81  ‐2.10 

Mod8  ‐4.86  ‐4.75  ‐2.30 

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

hmmalign CAG(1‐140)+ 1hlv+CENP‐B.hmm 

Modeller:5/6 

Modeller: 7/8 

1hlv 
Mod5: 0.64 Å (3.28) 
Mod6: 0.93 Å (3.61) 

1hlv 
Mod7: 0.61 Å (8.26) 
Mod8: 0.52 Å (8.07) 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Prosa energy 
profiles and 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Modelling strategies   
hmmalign CAG(1‐225) + 1hlv + CENP‐B.hmm 

hmmalign CAG(1‐225) + 1hlv + Tc5.hmm 

clustalw CAG(1‐225) + 1hlv 

Manual 
modificaFon 
of the clustal 
alignment 

Modeller: 

Frank1/2 
secondary structure calculaFon of 1hlv 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Modelling strategies   
hmmalign CAG(1‐225) + 1hlv + CENP‐B.hmm 

hmmalign CAG(1‐225) + 1hlv + Tc5.hmm 

clustalw CAG(1‐225) + 1hlv 

Z‐comb  Z‐pair  Z‐surf 

1hlv  ‐6.66  ‐6.34  ‐3.47 

Frank1  ‐6.49  ‐5.10  ‐4.23 

Frank2  ‐6.34  ‐4.99  ‐4.13 

Mod3  ‐6.70  ‐5.40  ‐4.33 

Manual 
modificaFon 
of the clustal 
alignment 

Modeller: 

Frank1/2 
secondary structure calculaFon of 1hlv 

1hlv 
Mod3: 1.31 (7.72) 
Frank1: 0.73 Å  (8.98) 
Frank2: 0.82 Å (8.60) 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Modelling strategies   

Z‐comb  Z‐pair  Z‐surf 

1hlv  ‐6.66  ‐6.34  ‐3.47 

Frank1  ‐6.49  ‐5.10  ‐4.23 

Frank2  ‐6.34  ‐4.99  ‐4.13 

Mod4  ‐6.44  ‐5.13  ‐4.22 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1hlv 
Mod4: 2.21 Å (4.73)  
Frank1: 0.73 Å  (8.98) 
Frank2: 0.82 Å (8.60) 

Manual 
modificaFon 
of the clustal 
alignment 

Modeller: 

Frank1/2 

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

hmmalign CAG(1‐225) + 1hlv + Tc5.hmm 

clustalw CAG(1‐225) + 1hlv 

secondary structure calculaFon of 1hlv 

Prosa energy 
profiles and 
Z‐scores 



Modelling strategies   

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 

1hlv 
Modbase: 0.48 Å (9.19) 

Fugue: 0.00 Å (9.66) 
Phyre: 0.26 Å (9.55) 

Servers (Fugue, Phyre) and Modbase models: 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Final models   

CORE  ALLOW  GENER  DISALL 

1hlv  91,3%  8,7%  0,0%  0,0% 

Mod4  89.3%  9.9%  0.0%  0.8% 

Frank1  91,9%  7,3%  0,0%  0,8% 

ModBase  92,2%  6,0%  0,9%  0,9% 

1hlv 
Mod4 
Frank1 

Modbase 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The energy profiles of the 
models are compaFble with 
CAG being structurally similar 
to human CENP‐B.  

Procheck: 



IntroducFon    

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Pogo transposase 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim  CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Fission yeast lineage 

Cbh1 

Cbh2 

Abp1 

Mammalian lineage 

CENP‐B 

DomesFcaFon DomesFcaFon 

CENP‐B  HTH_Tnp_Tc5 

1                               225 

CAG 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34% idenFty over 137 aa  
with human CENP‐B 

25% idenFty over 149 aa 
 with Dmel pogo Tnp 

Where is this 
protein binding? 

Is it a CENP‐B  
homologue?  



MulFple Sequence Alignment analysis  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analysis  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CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

Pogo transposase 

CENP‐B  HTH_Tnp_Tc5  DDE  Dim  CENP‐B  HTH_Tnp_Tc5  DDE  Dim 

CENP‐B  HTH_Tnp_Tc5 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 Dim 

CENP‐B  HTH_Tnp_Tc5 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 Dim 

Fission yeast lineage 

Cbh1 

Cbh2 

Abp1 

Mammalian lineage 

CENP‐B 

DomesFcaFon DomesFcaFon 

CENP‐B  HTH_Tnp_Tc5 

1                               225 

CAG 

34% idenFty over 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Part 2 |  IntroducFon  Modelling strategies  Final models  Sequence analysis 

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

CAG has some of the residues that are involved in the DNA recogniFon in CENP‐B. 
However, there are also some differences. 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•  SelecFve pressure imposes funcFonal 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 combinaFon of both sequence 
and structural alignments is very powerful for unravelling 
funcFonally important residues. 

•  In TFs, few residues determine DNA sequence specificiFes and small 
changes can greatly modify the binding site. InteracFon 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 
(exaptaFon). 

•  The sequence and the predicted structural conservaFon in CAG 
suggest that CAG is a putaFve CENP‐B homolgue in Drosophila. 

Conclusions  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QuesFons 
Which of the following opFons is describing a characterisFc of basic leucine zippers 
transcripFon 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 transcripFon 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 anFparallel manner. 
e) All are correct. 



QuesFons 

Which one is NOT correct about the basic helix loop helix transcripFon 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 characterisFc of this family. 
4.  They contact the DNA bases through residues in alpha helices. 

a)  1 and 3 
b)  1, 2 and 3 
c)  2 and 4 
d)  4 
e)  1,2,3,4 

The basic helix loop helix transcripFon factors… 
1.  Have a basic region that makes bonds with the DNA. 
2.  Have a basic region that is involved in dimerizaFon. 
3.  Have a basic region with highly conserved residues among the members of the family. 
4.  Have a loop conserved in structure that is important for sequence‐specific DNA recogniFon. 

a)  1 and 3 
b)  1, 2 and 3 
c)  2 and 4 
d)  4 
e)  1,2,3,4 



PEM 

Which is/are the conserved residue/es in zinc fingers that are coordinaFng the zinc atom? 
A.  Arg 
B.  Arg and Leu 
C.  His 
D.  Cys 
E.  Op%ons  C  and  D 

 RelaFng to zn fingers, ¿which 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. 



PEM 

Chose the correct opFon about homeodomain transcripFon 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 moFf for DNA binding.  
c) The first two statements are both true. 
d) In vivo specificity of homeodomain TFs is increased by the interac4on with 
other proteins. 
e) All above statments are false. 

Chose the correct opFon about homeodomain transcripFon factors: 
a)A single aminoacid subsFtuFon in the central part of the recogniFon helix can 
completely modify the target DNA sequence. 
b)Water molecules can parFcipate in short‐lived interacFons between the 
recogniFon 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. 



PEM 

Chose the correct opFon about molecular domesFcaFon: 
a)Molecular domesFcaFon consists on the industrial applicaFon 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 evaluaFon of CAG model... 
a)  z‐score tells you which model is energeFcally more stable.  
b)  The best models were obtained with a manually curated alignment. 
c)  The two first statments are both false. 
d)  It is completely impossible to do homology modelling when the idenFty is lower 

than 70% . 
e)  All statements above are false. 



Cys2His2 zn finger (Zif268): fold   

Arg18 

Leu22 

His25 Ile26 

Arg27 

Ile28 
Thr30 

Gly31 

His29 

Pro4 

Tyr5 
Phe16 

Arg14 

Cys7 

Zif268: addiFonal informaFon  



Zif268: phosphate contacts    

Arg42 

Ser45 

His53 

5’‐AGCGTGGGCGT‐3’ 
3’‐TCGCACCCGCA‐5’ 

Zif268: addiFonal informaFon  



Zif268: bases contacts    

5’‐AGCGTGGGCGT‐3’ 
3’‐TCGCACCCGCA‐5’ 

Glu77 

Arg74 

Asp76 

Arg80 

Zif268: addiFonal informaFon  



Zif268: phosphate contacts    

Arg70 

Ser75 

5’‐AGCGTGGGCGT‐3’ 
3’‐TCGCACCCGCA‐5’ 

Zif268: addiFonal informaFon  



Cys2His2 zn finger (Zif268): water‐mediated contacts

5’‐AGCGTGGGCGT‐3’ 
3’‐TCGCACCCGCA‐5’ 

Asp20 

Arg18 

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

Zif268: addiFonal informaFon  



Cys2His2 zn finger (Zif268   Zif268: addiFonal informaFon  



Cys2His2 zn finger (Zif268): Seq alignment & str alignment   Zif268: addiFonal informaFon  



ConservaFon of the bZIP TFs   

SEQUENCE ALIGNMENT 



bZip: addiFonal informaFon   

STRUCTURAL ALIGNMENT 



bHLH: addiFonal informaFon   

MyoD: contact summary 



bHLH: addiFonal informaFon   
Structural alignment: 



bHLH: addiFonal informaFon   
Sequence‐based alignment: 



HTH addiFonal informaFon 



HTH addiFonal informaFon 



HTH addiFonal informaFon 

Q50 VdW  



HTH addiFonal informaFon 

Ile 47  



CAG addiFonal informaFon  

IniFal alignment between CAG and CENP‐B: 


