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Lac Repressor

Jen-Jacobson et al. (2000). 
Structure 8, 1015-1023

The unfavorable enthalpy contribution associated with DNA 
distortion is compensated by a favorable entropy



KD and ∆G values for protein-DNA binding per site

Specific binding of a protein to DNA varies over a relatively small range 

of ∆Gbind,sp = -9 to -16 kcal/mol, with ~60 kcal/mol for ∆H and T∆S

⇒∆Gbind,sp ≈ const. (-11.7 ± 1.6 kcal/mol)

⇒∆H = -T·∆S  - 11.7 kcal/mol

Protein needs to select specific binding site from unspecific sites 
⇒∆∆G(specific - unspecific) ~ -5 to -9 kcal/mol

Protein binding must be reversible on the cell’s time scale
⇒∆Gbind,sp ≤ -16 kcal/mol



Molecular structure of E. coli CRP (also called CAP for 
catabolite gene activator protein) 



TATA-box binding protein (TBP)
Predicted TBP DNA complex TBP-DNA co-crystal structure

Nikolov 1992, Nature Kim 1993, Nature



The hinge region (50-62 in red) of Lac-DBD is folded  
only in the specific complex with DNA

, straight DNA , curved DNA

- folding of hinge region with 
specific contacts in minor groove
- specific interactions major groove
- less electrostatic interactions
- curvature of DNA



Local folding of the Max transcription 
factor upon dimerization and binding

The Max transcription factor (PDBcode: 1NKP) binds DNA as a dimer. The 
disordered N-terminal region (upper dotted line) reduces the electrostatic 
repulsion (red arrows) between the two monomers, and increases the 
population of the folded state at the flanking leucine zipper (green). This also 
stabilizes the bHLH region (blue) and thus improves binding affinity for DNA.



Application from temperature dependence of 
∆H and ∆S to specific protein-DNA binding

• A large negative heat capacity is observed 

• This suggests burial of nonpolar surface area 

• In addition folding/conformational changes of the protein occur 
upon DNA binding 

• For specific/unspecific binding this effect can be different 

• Example: lac repressor
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ΔSbin(TS)=0=ΔSHE(TS)+ΔSrt +ΔSPE +ΔSother

The term ∆Sother arises primarily from folding/conformational changes 
in the protein and/or the DNA upon specific DNA binding.

The analysis of ∆S ,for protein binding to DNA is conducted at the 
characteristic temperature Ts where ∆Sbin = 0 so that:

Science 263, 777-784, 1994

e.u. = entropy units = cal mol-1 K-1 



Protein folding includes two dominant and opposing 
contributions to the entropy: 
 
a) One positive from the hydrophobic effect or the 
“release” of water on burial of nonpolar surfaces 
 
b) One negative from the reduction in conformational 
entropy

� 

ΔSfold(TS)=0=ΔSHE(TS)+ΔSconf



S&R, Table 1: Protein folding 325 cal K-1mol-1/56 residues 
= 5.8 cal K-1mol-1 :

T∆Sconf = 5.6 cal K-1 mol-1·298 K = 1.7 kcal mol-1 



∆SHE: Burying non polar surfaces with an area ∆Anp
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The entropy change is proportional to the unpolar surface area “buried” 
in the folded protein. The favorable entropic contribution is probably the 
effect of reduced ordering of water around non-polar surfaces.



Conclusion 1 from entropy analysis: 
 
The unfavorable conformational entropy of folding per 
residue is 
 
∆S = -5.6 cal mol-1 K-1 

or T∆S = -1.7 kcal mol-1 



∆Srt: Unfavorable entropy due to loss of 
movements of protein upon binding 

Loss of rigid body rotational and translational entropy ∆Srt

Estimated from studies of entropic changes arising 
from rigid body protein-protein association.

� 

ΔSbin(TS)=0=ΔSHE(TS)+ΔSrt



S&R, Fig. 1: Rigid body association for 
subtilisin binding to its inhibitor protein 



S&R, Table 3: Rigid body association 

� 

ΔSbin(TS)=0=ΔSHE(TS)+ΔSrt



Conclusion 2 from entropy analysis: 
 
The unfavorable entropy for rigid body association of 
two macromolecules is 
 
∆S = -50 cal mol-1 K-1 

e.u. = entropy units = cal mol-1 K-1 

  

or T∆S = -14.9 kcal mol-1 



S&R, Fig. 2: Induced folding of an avidin monomer 
upon binding to biotin 



S&R, Table 4: Coupled folding in protein-protein association 

� 

ΔSbin(TS)=0=ΔSHE(TS)+ΔSrt +ΔSother

R (number of residues involved 
in folding transition) 
= ∆Sother /-5.6 cal K-1 mol-1



Conclusion 3 from entropy analysis: 
 
The number of residues involved in the folding 
transition can be calculated from the ∆Sother term and 
the value of ∆S = -5.6 cal mol-1 K-1 derived from the 
entropy analysis of protein folding.



∆SPE: Favorable displacement of ions from the DNA  
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-T∆SPE = 6 to 18 kcal/mol



Summary of protein and DNA thermodynamics

- Very different distributions of ∆H and ∆S for protein-DNA binding but 
similar ∆Gbind,sp ≈ of -11.7 ± 1.6 kcal/mol 

- Favorable hydrophobic effect or the “release” of water on burial of 
nonpolar surfaces on protein and DNA 

- Unfavorable entropy loss for rigid body association of 15 kcal mol-1 

rotational/translation 

- Unfavorable conformational entropy of induced folding during binding of 
1.7 kcal mol-1 per amino acid residue 

- 6-18 kcal mol-1 from entropically favorable displacements of counter-ions 
upon protein binding to DNA, which drives binding and increases with the 
interaction surface of the DNA that gets counter-ions displaced 


