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What is a transcription factor?  
 
 

Regulation of DNA 
transcription 

Recognition of specific 
DNA sequences 

Reorganization of local 
nucleosome structures 

TF 

   BINDING  SITE GENE 

Transcription  

DNA 
transcription 

machinery 

Introduction 
 



Helix-turn-helix  
(HTH) 

Zinc fingers         
(Zn fingers) 

Helix-loop-helix 
(bHLH) 

Leucine zippers 
(bZIP) 

Four different DNA- 
binding motifs:  

Introduction 
 

HLH: Taking Myc to the Max. Nature Structural Biology. 2003;10(3):157-157. 
bZIP: Cremallera de leucina [Internet]. Es.wikipedia.org. 2017 [cited 3 March 2017]. Available from: https://es.wikipedia.org/wiki/Cremallera-de-leucina 
HTH: From Molecule to Man - Protein [Internet]. Swift.cmbi.ru.nl. 2017 [cited 3 March 2017]. Available from: http://swift.cmbi.ru.nl/gv/students/mtom/SUP-1.html  
ZnF: Zinc finger [Internet]. En.wikipedia.org. 2017 [cited 3 March 2017]. Available from: https://en.wikipedia.org/wiki/Zinc-finger 



  
                  

Zinc fingers 
Introduction 

Zn 

- Critical binding interactions with DNA 

- Particularly important in gene regulation  

 

Activation  

Inhibition 

Pfam: Family: zf-C2H2 (PF00096) [Internet]. 
Pfam.xfam.org. 2017 [cited 3 March 2017]. Available from: 
http://pfam.xfam.org/family/PF00096#tabview=tab7 



Zinc Fingers 
Introduction 

4 [Internet]. Kc.njnu.edu.cn. 2017 [cited 3 March 2017]. 
Available from: 
http://kc.njnu.edu.cn/swxbx/shuangyu/8.htm 



Zinc Fingers 
Introduction 

4 [Internet]. Kc.njnu.edu.cn. 2017 [cited 3 March 2017]. 
Available from: 
http://kc.njnu.edu.cn/swxbx/shuangyu/8.htm 
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Available from: 
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Zinc Fingers 
Introduction 



Helix-turn-helix 
Introduction 

HTH motifs are found in all known DNA binding proteins that regulate gene expression 
 

Wide structural diversity  

Di-helical  

Tri-helical 

Tetra-helical 

Winged helix-turn-helix 

Pfam: Family: HTH_3 (PF01381) [Internet]. Pfam.xfam.org. 
2017 [cited 3 March 2017]. Available from: 
http://pfam.xfam.org/family/PF01381#tabview=tab7 



Helix-turn-helix 
Introduction 

α-Helix 1 α-Helix 2 

1       2         3        4         5         6        7 12   13    14    15    16    17   18   19   20 8       9       10     11  

Hydrophobic residues 
 
Glycine or Alanine 
 
Glycine 
 

[Internet]. 2017 [cited 3 March 2017]. Available from: 
https://www.researchgate.net/figure/7267631-fig1-
Figure-1-Depiction-of-the-ankyrin-repeat-motif-which-
contains-33-amino-acid-residues 



Helix-loop-helix 
Introduction 

Important for many developmental processes:  

- Neurogenesis 

- Myogenesis 

- Hematopoiesis 

- Pancreatic development 

HLH domains 

b/HLH 

b/HLH/Z 
Pfam: Family: HLH (PF00010) [Internet]. Pfam.xfam.org. 2017 [cited 3 
March 2017]. Available from: 
http://pfam.xfam.org/family/PF00010#tabview=tab7 



Helix-loop-helix 
Introduction 

         

C A N N T G 

DNA E-box 

2 α-helix connected by a loop 

Myc [Internet]. Es.wikipedia.org. 2017 [cited 3 March 2017]. Available 
from: https://es.wikipedia.org/wiki/Myc 



Leucine Zippers 
Introduction 

Pfam: Family: bZIP1 (PF00170) [Internet]. Pfam.xfam.org. 2017 [cited 
3 March 2017]. Available from: http://pfam.xfam.org/family/PF00170 

AMPHIPATHIC HELIX 

Nepal M, Sheedlo M, Das C, Chmielewski J. Accessing Three-
Dimensional Crystals with Incorporated Guests through Metal-
Directed Coiled-Coil Peptide Assembly. Journal of the American 
Chemical Society. 2016;138(34):11051-11057. 

Jakoby M, Weisshaar B, Dröge-Laser W, Vicente-Carbajosa J, 
Tiedemann J, Kroj T et al. bZIP transcription factors in Arabidopsis. 
2017. 



Methods 
 

Sequence 
alignments Structural 

aligments  

DNA-binding domains 

General and secondary structure 
Similarity between different 
species, family members or 

homologues 

DNA-protein interaction 
Other analysis (mutants, different 
conformations when interacting 

with DNA) 



Methods 
 

Sequence alignments Structural  alignments 

hmmalign 

2. Different sequences 
of different species: 

- E-value 
- Score 

1. Jackhmmer  in Uniprot 

1. Our domain of 
interest  .sto 

2. hmmbuild  .hmm 

1. Rough STAMP  

Sc 

5,5 - 9,8 High structural similarity  Functional or evolutional 
relationship 

2’5 – 5’5 More distant structures  Not always a relationship 

<2 Very low structural similarity 

    Sc            RMS               nfit  
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Sequence alignments Structural  alignments 

hmmalign 

2. Different sequences 
of different species: 

- E-value 
- Score 

1. Jackhmmer  in Uniprot 

1. Our domain of 
interest  .sto 

2. hmmbuild  .hmm 

1. Rough STAMP  

Sc 

5,5 - 9,8 High structural similarity  Functional or evolutional 
relationship 

2’5 – 5’5 More distant structures  Not always a relationship 

<2 Very low structural similarity 

    Sc            RMS               nfit  



Methods 
Structural alignments 

If the Sc is not 
correct  Alignfit 



Introduction 
 

Krüppel-like factor 4 (Mus 
musculus) 

Heat-shock factor 1 
(Homo sapiens ) 

Microphthalmia-associated 
transcription factor (Mus 
musculus) 

Zinc finger Helix turn helix Helix loop helix 



KLF4 
Index 

Classification 

Biological function 

General structure 

Secondary structure 

Important residues and interactions 



KLF4 
Classification 

Family: Classic zinc finger, C2H2 

Lineage 

Scop 

Small proteins 

Beta-Beta-Apha Zinc Fingers  

Beta-Beta-Apha Zinc Fingers  

Classic Zinc Finger, C2H2 

Root 

Class 

Fold 

Superfamily 

Family 

http://scop.mrc-lmb.cam.ac.uk/scop/data/scop.b.html
http://scop.mrc-lmb.cam.ac.uk/scop/data/scop.b.h.fc.A.html
http://scop.mrc-lmb.cam.ac.uk/scop/data/scop.b.h.fc.A.html
http://scop.mrc-lmb.cam.ac.uk/scop/data/scop.b.h.fc.A.html
http://supfam.mrc-lmb.cam.ac.uk/SUPERFAMILY/cgi-bin/scop.cgi?sunid=57667


Yamanaka Factors 

KLF4 
Biological function 

Ai et al. Kruppel like factor 4 (KLF4): a transcription factor with diverse context-
dependent functions. Gene Ther Mol Biol Vol 13, 194-203, 2009  

Role of Krüppel-like factors in leukocyte development, function, and disease.  
Am Soc Hematology 2010.  

Critical role in modulating DNA methylation  



Activation 
domain 

Repression 
domain 

NLS 

1              157      158           385                 402                                  483 

ZnFn N terminal C terminal 

Kruppel-link 
TGEKP(Y/F) 

KLF4 
General structure 

81 residues 



KLF4 
Secondary structure 

 ZnFn 1      ZnFn 2              ZnFn3 

 Three tandem C2H2 
fingers 

Beta-strands: 
 
β1a: (400-401)     β1b: (410-411)   
β2a: (430-431)     β2b: (440-441) 
β3a: (460-461)     β3b: (468-469) 

Helix-alpha:  
 
α1: (414-425) 
α2: (444-455) 
α3: (472-480) 

400  425  430  455  460 480 

 CpG 
 TpG 



KLF4 
Secondary structure 

Beta-strands: 
 
β1a: (400-401)     β1b: (410-411)   
β2a: (430-431)     β2b: (440-441) 
β3a: (460-461)     β3b: (468-469) 

Helix-alpha:  
 
α1: (414-425) 
α2: (444-455) 
α3: (472-480) 

403: Negatively charged  421: Polar residues  466: Negatively charged  

zebra mbuna 

Eastern newt 

Zebra fish 



KLF4 
Important residues and interactions Histidine 

Residues that interact with the zinc 

Histidine 

Cysteine 

Cysteine 



KLF4 
Important residues and interactions 
Residues that interact with the zinc 

Zn finger domain Residues numbers 

ZnFn1 
Cys 402    

Cys 407         

His 420    

His 424 

ZnFn2 
Cys 432    

Cys 437         

His 478    

His 482 

ZnFn3 
Cys 463    

Cys 465         

His 478    

His 482 

402     407                        420  424 



TRP439 

TYR451 
LEU447 

PHE441 

Histidine 

Histidine 

Cysteines 

 Hidrophobic core 

KLF4 
Important residues and interactions 
Residues that interact with the zinc 



KLF4 
Important residues and interactions 
Residues that interact with the zinc 

TRP439 

TYR451 
LEU447 

PHE441 
Histidine 

Histidine 

Cystein
es 



ZnFn 1 

ZnFn 2 

ZnFn 3  

Major groove  

KLF4 
Important residues and interactions 
DNA-protein interactions 

Alpha helix - DNA 



 ZnFn 1      ZnFn 2              ZnFn3 

KLF4 
Important residues and interactions 
DNA-protein interactions 

3’ 

 5’ 

C G G T 

G C C A 

G Y G 

C G C  

G A G  

C T C  

5’  

 3 ’ 



SPECIFIC INTERACTIONS: 

NH3 group of Lys 413  - G9 (supper strand)  and G1 (lower strand)       Hydrogen bonds 

NH group of His 416  -  TpG dinucleotide   

  Hydrogenbond with G8         Super base pair 

  Stacking interaction   with  T7    

KLF4 
Important residues and interactions 
DNA-protein interactions 

         
C     G     G     T 
G     C     C     A 
 

T H T C D Y A G C G K T Y T K S S H L K A H L R T H T G E K 

3’ 

3’ 5’ 

5’ 

        402               407                    413     416            420         424 

 ZnFn 1 



KLF4 
Important residues and interactions 
DNA-protein interactions 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bonds 

Lys 413 (-NH3) 1,89 Å DG1(O6) 

Lys 413 (-NH3) 2,56 Å DG9(O6) 

Lys 413 (-NH3) 2,17 Å HOH106(O) 

HOH106(O) 2,62 Å DG9(N7) 

Lys 413  



KLF4 
Important residues and interactions 
DNA-protein interactions 



Hydrogen bonds 

His 414 (-NH) 2,18 Å DG8(N7) 

DG8 (H1) 2,03 Å DC3(N3) 

DG8 (O6) 2,16 Å DC3(H42) 

DT7 (O4) 2,25 Å DA4 (H61) 

KLF4 
Important residues and interactions 
DNA-protein interactions 

His 414  



 Super base pair KLF4 
Important residues and interactions 
DNA-protein interactions 



Stacking  
interaction 

KLF4 
Important residues and interactions 
DNA-protein interactions 



T H T C D Y A G C G K T Y T K S S H L K A H L R T H T G E K 

3’ 

3’ 
5’ 

5’ 

    402             407        411                       420         424 

UNESPECIFIC INTERACTIONS:   -OH group of tyrosine  - Phosphate from Guanine      

C     G     G     T     G 

G     C     C     A     C 

KLF4 
Important residues and interactions 
DNA-protein interactions 

 ZnFn 1 



Hydrogen bond 

Tyr 411 (-OH) 3,05 Å DG6(OP) 

KLF4 
Important residues and interactions 
DNA-protein interactions 

Tyr 411  



KLF4 
Important residues and interactions 
DNA-protein interactions 

All conserved 



P Y H C D W D G C G W K F A R S D E L T R H Y R K H T G H  

432       437        443  445     449 450       454 

         m 
G       Y     G 
C       G     C 
m 

3’ 

3’ 5’ 

5’ 

KLF4 
Important residues and interactions 
DNA-protein interactions 

 ZnFn 2 

SPECIFIC INTERACTIONS: 

 

 

 

 

  

Arg 443  (NH3)  

Guanine (N, O)            Hydrogen bond  

5m-Thymine (CH3)    Hydrogen bond CH-O type      

Asp445 (O)                   Salt bridge 

Asp 445  (N)  - 5m-Thymine (CH3)             

Van der Waals 

 

Glu 446  (-COOH) - 5m-Thymine (CH3)   

Hydrogen bond CH..O type  



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bonds 

Arg443 (-NH) 2,01 Å DG6(O) 

Arg443(-NH) 2,19 Å DG6(N) 

Van der Waals 

Arg443(-N) 2.7Å DTm5(CH) 

NH2 

Methyl-Arg-gua triad 

Arg443 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Salt bridge 

Arg443 (-NH) 2,97 Å Asp445 (O) 

Arg443 (-NH 2,37 Å Asp445 (O 

Salt bridge 

NH2 

Arg443 



 

METHYLATED DNA 

KLF4 
Important residues and interactions 
DNA-protein interactions Methyl-Arg-gua triad 

Van der Waals 

Arg443 (-N) 2,72 Å DT5 (H) 

Hydrogen bone CH…O type 

Glu446(O) 3,03 Å D5mT(CH) 



66,8º 

KLF4 
Important residues and interactions 
DNA-protein interactions 

 
Conformational  

change 

Methylated DNA 

Unmethylated DNA 



Unmethylated DNA 

KLF4 
Important residues and interactions 
DNA-protein interactions 

PDB: 2WBU 

Hydrogen bonds 

Glu446 (O) 2,56 Å Arg449 (H) 

Glu446 (O) 3,22 Å Arg4439(H) 

Arg449 (H) 1,92 Å DG4(N) 

Arg449(H) 2,45 Å DG4(O) 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Glu446 (E446)      5ke6 

Pro446 (E446P)   5ke9 

Asp446 (E446D)  5kea 

 

 Glu 446  PDB (5ke6) 

Pro 446  PDB (5ke9) 

Asp 446 PDB (5kea) 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Preserves the methyl- Arg-Gua triad 

Van der Waals contacts 

Pro 446  PDB (5ke9) 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bonds (CH..O type) 

Asp446 (-O) 2,21 Å DC5(-NH) 

Asp446(-O) 3,03 Å DC5(-CH) 

Asp 446 PDB (5kea) 



      430 432              437                                    450    453 454 

        m 
G     C     G     G 
C     G     C     C 
m 

3’ 

 3’ 5’ 

5’ 

UNSPECIFIC INTERACTIONS: 

Tyr 430 (COOH)  –  C2 (Phosphate backbone)        Hydrogen bond 

Lys 453 (NH3)  –  G3 (Phosphate backbone)            Hydrogen bound 

C     G     G     T     G 
G     C     C     A     C 

 ZnFn 2 
P Y H C D W D G C G W K F A R S D E L T R H Y R K H T G H  

KLF4 
Important residues and interactions 
DNA-protein interactions 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bonds 

Tyr430 (-OH) 2,16 Å DC2(-OP) 

Tyr 430  



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bonds 

Lys 453 (-NH3) 2,08 Å DG3(-OP) 

Lys 453  



All conserved 

KLF4 
Important residues and interactions 
DNA-protein interactions 



R P F Q C Q K C D R A F S R S D H L A L H M K R H F 

         
G     A     G 
C     T     C 
 

3’ 

3’ 5’ 

5’        
G 
C 

          462    465                 471 473           478          483 

KLF4 
Important residues and interactions 
DNA-protein interactions 

SPECIFIC INTERACTIONS: 

Arg 471 (NH2) – G3 (-CO and nitrogen) 

Arg 471 (NH2) – Asp473 (-CO)  

Asp 473 (-CO) –  C7 (N)  

 ZnFn 3 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bonds 

Arg 471(-NH2) 1,86 Å DG3(O) 

Arg 471(-NH2) 1,85 Å DG3(N) 

Arg 471(-NH2) 1,52 Å Asp473(O) 

Arg 471(-NH2) 2,04 Å Asp473(O) 

Arg 471 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bond 

Asp 473(-COOH) 1,52 Å DC7’(NH) 

DC7:H 

Asp 473 



R P F Q C Q K C D R A F S R S D H L A L H M K R H F 

         
G     A     G 
C     T     C 
 

3’ 

3’ 5’ 

5’        
G     C     G 
C     G     C 

        462     465                 472                478        483 

KLF4 
Important residues and interactions 
DNA-protein interactions 

UNSPECIFIC INTERACTIONS: 

Ser472  (NH2)  – Phosphate backbone of the C5’ 



KLF4 
Important residues and interactions 
DNA-protein interactions 

Hydrogen bond 

Ser 472 (-OH) 2,46 Å DC5’(OP) 

Ser 472 



All conserved 

KLF4 
Important residues and interactions 
DNA-protein interactions 



HSF1 
Index 

Classification 

Biological function 

General structure 

Secondary structure 

Important residues and interactions 



HSF1 
Classification 

Family: Heat-shock transcription factor 

Lineage 

Scop 

All alpha proteins 

DNA/RNA-binding –helical bundle  

Winged helix DNA-binding domain 

Heat-shock transcription factor 

Root 

Class 

Fold 

Superfamily 

Family 

http://supfam.mrc-lmb.cam.ac.uk/SUPERFAMILY/cgi-bin/scop.cgi?sunid=57667


HSF1 
Biological function 

Central role in protein homeostasis  

 

Heat Shock Response (HSR) 

 

 

 

 

- 50 – 90 kDa  

- Conserved N-terminal winged HTH DBD.  

 

 

 

 

Heat shock factors (HSF)   

Heat shock element (HSE) 

Heat shock proteins (HSPs) 

Heat shock factor - get domain pictures - getdomainvids.com [Internet]. 
Getdomainvids.com. 2017 [cited 4 March 2017]. Available from: 
http://www.getdomainvids.com/keyword/heat%20shock%20factor/ 



HSF1 
General structure 

Protein Data Bank (PDB) -  HSF1 (5hdg) 

α1 α2 α3 
α3/101 α3/102 

β1 β2 β3  β4 

16 120 



HSF1 
Secondary structure 

Helix-alpha: 
 
α1: (17-27)   
α2: (49-61)   
α3: (66-75)   

Helix 3/10: 
 
α3/101: (29-31)   
α3/102: (109-114)   

16 120 

PDB (5hdg) 

Beta-strands:  
 
β1: (35-37) 
β2: (44-46) 
β3: (79-81) 
β4: (97-100) 



HSF1 
Secondary structure 

Helix-alpha: 
 
α1: (17-27)   
α2: (49-61)   
α3: (66-75)   

Beta-strands:  
 
β1: (35-37) 
β2: (44-46) 
β3: (79-81) 
β4: (97-100) 

Helix 3/10: 
 
α3/101: (29-31)   
α3/102: (109-114)   

PDB (5hdg) 



HSF1 
Important residues and interactions 

Phe 104 
Lys 112          
Ile 115  

Hydrophobic interactions with the core of the domain 

104 112 115 

Val 115 in S. pombe           Both aliphatic 

C terminal stabilization 



HSF1 
Important residues and interactions 

Phe 104 
Lys 112          
Ile 115  

104 112 115 
C terminal stabilization 

Val 115 in S. pombe           Both aliphatic 

Hydrophobic interactions with the core of the domain 



HSF1 
Important residues and interactions 

Lys 118    -     Met 75             Hydrogen bond 

75 118 
C terminal stabilization 

Gln 118 in K. lactis           Both polar 



HSF1 
Important residues and interactions 
C terminal stabilization 

Hydrogen bonds 

Met 75 (-COOH) 2,03 Å Lys 118 (-NH2) 

Met 75  
Lys 118  



DNA-protein interactions 

HSF1 
Important residues and interactions 

- Mainly in helix α3 

- Heat shock element:  

 nTTCnGAAn 



HSF1 
Important residues and interactions 
DNA-protein interactions 

62                           68          71 72    74        76 

104 

K H N N M A S F V R Q L N M Y G F R K V V 

H I E Q G G L V K P E R D D T E F Q H P C F  



        n      T       T      C     n      G      A    A         

3’ 

3’ 5’ 

5’ 

        n      A      A      G     n      C      T     T   

K H N N M A S F V R Q L N M Y G F R K V V H I E Q G G L V K P E R D D T E F Q H P C F L 

HSF1 
Important residues and interactions 
DNA-protein specific interactions 

                  68          71 72    74        76 

SPECIFIC INTERACTIONS:       Guanidinium group of Arg 71    -    nGAAn                     Parallel hydrogen bonds 

         Guanidinium group of Arg 71     -    Arg 71 (-COOH)   Hydrogen bond 

         Aliphatic group of Arg 71     -   nGAAn                             Hydrophobic interaction 



HSF1 
Important residues and interactions 
DNA-protein specific interactions 

Hydrogen bonds 

Arg 71 (-NH2) 1,97 Å DG8 (N7) 

Arg 71 (-NH) 1,93 Å DG8 (N6) 

Arg 71  



HSF1 
Important residues and interactions 
DNA-protein specific interactions 

Hydrogen bonds 

Arg 71 (-NH2) 2,24 Å Arg71 (-COOH) 

Arg 71  



HSF1 
Important residues and interactions 
DNA-protein specific interactions 

Arg 71  

ARG71  

DA7 

Hydrophobic interactions 

Arg 71 (aliphatic) 2,24 Å DA7 

Base 
preceding G 



        n      T       T      C    n    G     A      A         

3’ 

3’ 5’ 

5’ 

        n      A      A      G    n    C      T     T   

HSF1 
Important residues and interactions 
DNA-protein unspecific interactions 

                  68          71 72    74        76 

K H N N M A S F V R Q L N M Y G F R K V V H I E Q G G L V K P E R D D T E F Q H P C F L 

UNSPECIFIC INTERACTIONS: 

 

 

 

Ser 68 

Gln 72 

Asn 74 

Tyr 76 

Stabilization of specific interactions 

Hydrogen bonds with the phosphate backbone 



HSF1 
Important residues and interactions 
DNA-protein unspecific interactions 

Hydrogen bonds 

Ser 68 (-OH) 2,25 Å DT4 (OP2) 

Gln 72 (-NH2) 2,36 Å DA2 (OP2) 

Ser 68  

Gln 72  



HSF1 
Important residues and interactions 
DNA-protein unspecific interactions 

Hydrogen bonds 

Asn 74 (-NH2) 2,36 Å DT6 (OP2) 

Tyr 76 (-OH) 2,13 Å DA2 (OP2) 

Asn 74  Tyr 76  



HSF1 
Important residues and interactions 
DNA-protein interactions. Sequence alignment 

All conserved 



        n      T       T      C   n    G      A    A          
3’ 

3’ 5’ 

5’ 

        n      A      A      G    n   C     T     T   

K H N N M A S F V R Q L N M Y G F R K V V H I E Q G G L V K P E R D D T E F Q H P C F L 

HSF1 
Important residues and interactions 
DNA-protein specific interactions 

SPECIFIC INTERACTIONS:    

            -    nAAGnCTTn        Van der Waals  

 

Ser 68 

Arg 71 

Gln 72 

                  68          71 72     



HSF1 
Important residues and interactions 
DNA-protein specific interactions 



HSF1 
Important residues and interactions 
DNA-protein specific interactions 

All conserved 



HSF1 
Important residues and interactions 
DNA-protein stabilization interactions 

1. Lys 62 – His 63 

2. Arg 79 – Lys 80 

3. Arg 117 – Lys 118 

Lysine Histidine Arginine 

Three pairs of 

basic residues 



HSF1 
Important residues and interactions 
DNA-protein stabilization interactions 

Hydrogen bonds 

Lys 62 (-NH2) 1,90 Å DT3 (OP1) 

Lys 62  

HIS63  

1 



HSF1 
Important residues and interactions 
DNA-protein stabilization interactions 

Hydrogen bonds 

Arg 79 (- NH2) 2,74 Å DG7 (OP1) 

Lys 80 (-NH2) 2,44 Å DA5 (OP1) 

Lys 80 (-NH2) 2,30 Å DA5 (C3) 

Lys 80 Arg 79 

2 



HSF1 
Important residues and interactions 
DNA-protein stabilization interactions 

Hydrogen bonds 

Lys 118 (- NH2)  2,62 Å DG7 (OP2) 

Lys 118 

3 



HSF1 
Important residues and interactions 
DNA-protein stabilization interactions 

Some of the Lys residues can be 

acetilated 

 

 

Lose the postitive charge 

 

 

Lowering overall affinity to DNA.  



HSF1 
Important residues and interactions 
DNA-protein stabilization interactions 

Arg 79  His 79 in D. melanogaster, K. lactis, S. pombe and S. cerevisiae   Both positively charged and polar 



4’95 Å  

GLY50 

GLY50 

DBD – DBD interactions 

- Gln 50  - Gly 50 

- Other hydrophobic 

interactions 

HSF1 
Important residues and interactions 



HSF1 
Important residues and interactions 
DBD – DBD interactions 

Gly 50  Ala 50 in D. melanogaster  Both little and apolar 

Gly 50  Glu 50 in K. lactis, S. pombe, S. cerevisiae  Glu 

is polar and negatively charged  



HSF1 
Important residues and interactions 
DBD – DBD interactions 

Gln 49   Arg 49 in K. lactis  and S. cerevisiae  or His 49 in S. 

pombe  Both changes are also polar but positevily charged  

Gln 51  Arg 51 in K. lactis , Asp 51 in S. pombe  and Glu 51 in S. cerevisiae   

All changes are also polar but charged aminoacids: Arg + , Asp - and Glu -.  



HSF1 
Important residues and interactions 
DBD – DBD interactions 

Asp 48  Asn 48 in D. melanogaster, K. lactis 

and S. cerevisiae  and Gly 48 Both changes 

are little but not charged  

Lys 54 Gln 54 in K. lactis  Both polar but  

Gln not charged 

Lys 54 His 54 in S. cerevisiae  Both 

positively charged 



HSF1 
Important residues and interactions 
DBD – DBD interactions 

Low conservation is showed, specially in the more distant species, like yeasts  

  These residues are not as important as the ones that interact with DNA.  



HSF1 
Superimposition between homologues 

PDB 5hdg  (Homo sapiens) 

PDB 1fbu  (Kluyveromyces lactis) 

PDB 1hks  (Drosophila melanogaster) 



DNA binded DNA  not binded 

ARG71 not binded 

ARG71 binded 

TYR76 

ASN74 

GLN72 

SER68 

HSF1 
DNA binding/not binding 



MITF 
Index 

Classification 

Biological function 

General structure 

Secondary structure 

Important residues and interactions 



MITF 
SCOP classification 

Family: Helix-loop-helix DNA-binding domain 

Lineage 

Scop 

All alpha proteins 

HLH-like 

HLH, helix-loop-helix DNA-binding domain 

HLH, helix-loop-helix DNA-binding domain 

Root 

Class 

Fold 

Superfamily 

Family 

http://supfam.mrc-lmb.cam.ac.uk/SUPERFAMILY/cgi-bin/scop.cgi?sunid=57667
http://supfam.mrc-lmb.cam.ac.uk/SUPERFAMILY/cgi-bin/scop.cgi?sunid=57667


MITF 
Biological function 

- Regulation of genes with essential roles in cell differentiation, proliferation and survival: 

             - e.g. Melanocyte development: tyrosinase (TYR) and tyrosinase-related protein 1          

 (TYRP1). 

 

- Mutations of the MITF protein are related to various syndromes and diseases:  

  - Waardenburg syndrome 2A (WS2A) 

 -  Tietz Albinism-Deafness Syndrome (TADS) 

 - Cutaneous malignant melanoma 8 (CMM8) 

 - Microphtalmia   
Author: Etan J. Tal 



MITF 
General structure 

Adapted from Hartman ML and Czyz M, 2014.   



205 258 

BR 

MITF 
Secondary structure 

Helix-α 

α1: (205-230) 

    Basic region: 205-221 

α2: (243-258)  

  

  

Loop: 
 
(231-242) 

N C 



MITF 
Important residues and interactions 

- MITF binds to 2 DNA motifs: 

 - the E-box  

 - the M-box:   

DNA-protein specific interactions 

        C      A      C      A     T      G      A             
3’ 

3’ 5’ 

5’ 

        G      T      G      T      A     C      T 

K  K  D  N  H  N  L  I  E  R  R  R  R  F  N  I  N  D  R  I  K  E  L  G  T  L  



MITF 
Important residues and interactions 
DNA-protein specific interactions 

Van der Waals 

Ile 212 2,53 Å DT5 

        C      A      C      A     T      G      A             
3’ 

3’ 5’ 

5’ 

        G      T      G      T      A     C      T 

        C      A       C      G     T      G 

3’ 

3’ 5’ 

5’ 

        G      T       G      C      A      C       

vs. 

 

    M-box: 

 

 

 

                    E-box:    



MITF 
Important residues and interactions 
DNA-protein specific interactions 

Hydrogen bonds 

His 209 (NH) 
2,92 Å 

2,29 Å 

DT5(O4) 

DG11(O6) 

Glu 213 (COO-) 1,99 Å DC6 (H42) 

His 209  

Glu 213  

1 

1 



MITF 
Important residues and interactions 

- MITF binds to 2 DNA motifs: 

 - the E-box  

 - the M-box:   

DNA-protein unspecific interactions 

        C      A       C      A     T      G      A             

3’ 

3’ 5’ 

5’ 

        G      T       G      T      A      C      T 

(…) R  R  R  R  F  N  I  N  D  R  I  K  E  (…) I  L  K  A  S  V  D  Y  I  R  K  



MITF 
Important residues and interactions 
DNA-protein unspecific interactions 

Hydrogen bonds 

Arg 216 (NH2) 2,62 Å DC6 (OP2) 

Arg 216  



MITF 
Important residues and interactions 
DNA-protein unspecific interactions 

Hydrogen bonds 

Asn 221 (NH2) 2,56 Å DA7(OP1) 

Lys 243 (NH2) 
2,37 Å 

2,10 Å 

DA7(OP2) 

DC6(OP1) 

Asn221 
Lys243 



MITF 
Sequence alignments H209 

     

I212 
E213 

R216     N221   

  K243   



MITF 
Mutations and health implications 

I212S 
I212N 

(non polar → polar) 

Pogenberg et al., 2012   

 

WSA2 

TADS 
Mutations on the BR 



- The most important residues for the DNA interaction are the most conserved in both, 
structure and sequence alignments.  

 
- A mutation in one of these residues can change the overall conformation of the 

interactions.  
 

- The structure of the proteins change when they are bond to the DNA and in some cases 
it also changes when they are bound to methylated DNA.  
 

- Mutations on the DNA binding domain can lead to serious health issues.  
 

 

Conclusions 



1. Which of these DNA binding motifs is found in humans?  
 a) Helix-loop-helix.  
 b) Leucine zippers.  
 c) Helix-turn-helix.  
 d) Zinc fingers.  
 e) All of them.  
2. Characteristics of the zinc fingers:  
 a) They are bind to a zinc ion for more stability.  
 b) They are mainly formed by two β sheets and one α helix.  
 c) Both are correct.  
 d) The β sheets are antiparallel.  
 e) All are correct.  
3. About inespeficic interactions, between which structures and residues occur? 
 a) DNA side chain – Protein side chain.  
 b) DNA blackbone – DNA side chain.  
 c) DNA blackbone – Protein blackbone.  
 d) DNA blackbone – Protein side chain.  
 e) None of them.  
 

PEM questions 



4. The specific interaction between HSF1 and the DNA is formed by the union of some aminoacids and:  
 a) Cytosines and adenines.  
 b) Only adenines.  
 c) Cytosines and guanines.  
 d) Two tymines and one guanosine.  
 e) None of them.  
5. The transcription factor KLF4 interacts with the:  
 a) Minor groove of the DNA.  
 b) Major groove of the DNA.  
 c) Both are correct.  
 d) An specific sequence of the minor groove.  
 e) All of them are correct.  
6. Which feature makes the His416 in the first Zinc Finger of the KLF4 important for the DNA interaction?  
 a) It forms an stacking interaction with its aromatic ring and the onefrom the Timidine 7 base pair.  
 b) The stacking interaction perturbates the union between the T and the A.  
 c) Both are correct.  
 d) Histidine also interacts with the G, which interacts with the C of the complementary strand, forming a super base pair.  
 e) All are correct.  

PEM questions 



7. Helix-loop-Helix transcription factors are important in:  
1) Neurogenesis.  
2) Myogenesis.  
3) Hematopoiesis.  
4) Pancreatic development.   
 a) 1, 2 and 3.  
 b) 2 and 4.  
 c) 1 and 3.   
 d) 4.  
 e) 1, 2, 3 and 4.  
8. The Heat shock factor 1 DNA binding domain is formed for: 
 a) Three helix-alpha.  
 b) Two helix 3/10.  
 c) Four beta-strands.  
 d) All of them.  
 e) None of them.  

PEM questions 



9. Choose the correct answer:  
 a) MITF is an bHLHzip transciption factor. 
 b) MITF can specifically bind to the E-box or the M-box.  
 c) The two statements above are correct.  
 d) MITF interacts with DNA mostly through residues on the loop.  
 e) All the statements are correct. 
 
10. Regarding the M-box of the MITF factor, choose the correct statements:  
1) Unlike the canonical E-box, M-box isn’t a palindromic motif.  
2) All bHLH transcription factors have preference for binding to the M-box. 
3) In MITF, Isoleucine 212 is a key residue for specific binding to the M-box.  
4) Isoleucine 212 interacts with an adenine residue through a hydrogen bond.  
 a) 1, 2 and 3.  
 b) 1 and 3.  
 c) 3 and 4.  
 d) 4.  
 e) 1, 2, 3 and 4.  
   

PEM questions 
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