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Chapter 8.  

DNA recognition in prokaryotes by 

helix-turn-helix motifs 

1.Helix-turn-helix proteins 

2.Zinc finger proteins 

3.Leucine zipper proteins 

4.Beta-scaffold factors 

5.Others 



Repressor and Cro proteins operate a prokaryotic genetic 

switch region 

→    Lytic phase 

“Turning off syn of Cro” 

or “activator for its own syn” 
“Turning off syn of repressor” 

(operator) 

UV     (RecA 

protease activation) 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.130. 



Partly palindromic sequences: 8 bp per a monomer  

  Sequence information shows a pseudo 2-fold symmetry 

  

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.131. 



Dimeric structure of lambda Cro 

(+ class) 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.132. 



Dimeric structure of N-terminal 

domain of lambda repressor 

dimerization domain 

DNA binding domain 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.133. 



Both lambda Cro and repressor proteins have a 

specific DNA-binding motif 

(stabilizing helix)            (recognition helix) 

 “& also Catabolite-gene Activating Protein” 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.134. 



Model building predicts Cro-DNA complex 

 34 Å  apart between two α3 helices in a dimer → 10 bp apart DNA (1-turn)  

    recognition helix (α3) / stabilizing helix (α2)  

  

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.134. 



  

Genetic studies agree with the structural model 
Altered DNA binding specificity by redesigning 

  recognition helix (by Mark Ptashne’s group at Harvard)  
 

• Recognition helix swap between repressor and Cro → changes in the 

binding affinity 

• Changes in amino acids of repressor (between 434 and P22 phage) → 

engineered 434 repressor binds to P22 operator, not to 434 operator  

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.136. 



Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.137. 



  

The structures of DNA-binding domain are very similar  

(434 Cro vs 434 repressor: 48% sequence identity) 

(434 Cro vs lambda repressor: 26% sequence identity) 

434 Cro lambda repressor 434 repressor 

Monomer in solution 

Dimer complexed with DNA 

Branden & Tooze (1998), Introduction to protein structure, 

2nd ed., p.134, 137. 



  

The protein impose precise distortions on the 

B-DNA in the complexes  

(DNA helical axis bent toward a repressor)  

Normal B-DNA Distorted DNA complexed with 

434 Cro & repressor 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.138. 



  

Sequence specific protein-DNA interactions 
  

• Recognition helix ↔ A major groove  

• H-bonding / hydrophobic interaction 

   (Q28 & Q29 form H-bonds to A1-C2) / (methyl-group on T) 

Branden & Tooze (1998), Introduction to protein 

structure, 2nd ed., p.139. 



  

Protein-DNA backbone interactions determined 

DNA conformation 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.140. 



  

Main features of the interactions between DNA and 

the helix-turn-helix motif in DNA binding protein 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.141. 



  

DNA binding is regulated by allosteric control 
Binding of the small molecules (i.e., allosteric effectors) to the sites quite 

different from the functional binding sites of repressor or activator causes the 

conformational changes 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.142. 



  

  w/o Trp, repressor is inactive     w Trp, repressor is active  

→ turn on operon for the synthesis of Trp    → turn off operon  

Major groove binding of 5 via water-mediated interactions  

Structural changes by the binding of Trp into a pocket  

    Inactive (28-29 Å  between two 5 helices) → active (34 Å )  

    Binding of Trp to the cavity alters the orientation of 5 helices 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.143. 



  

Lac repressor  

(LacI : 360 residues negative regulator)  

→ In the absence of lactose,  

Lac repressor binds to an OR site 

[RNAP can’t bind to the site,  

hence operon is off]  

 

→ In the presence of inducer (lactose  

or IPTG), repressor-effector complex  

no longer binds to the OR site 

[Operon is on]  

 

Four domains in monomer 

(HTH - hinge helix - core domains -tetramerization domain) 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.144. 



  

Tetrameric Lac repressor binds to both the major and the 

minor grooves inducing a sharp bend in the DNA 
Each dimer binds to the separated palindromic DNA sequence 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.145. 



- Major (HTH) & minor (hinge helix) groove binding (seq. specific)  

- HTH binding as were seen in Cro and repressor in a phage 

- Hinge helix: Leu opens up the minor groove and DNA is bent away from 

the protein 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.145. 



CAP-induced DNA bending could activate transcription 

40O kink 40O kink 

Branden & Tooze (1998), Introduction to protein structure, 2nd ed., p.146. 
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