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Amino acid classes!
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Forces!
•  Van der Waals"

  “London forces" (after Fritz London) !

-0.2 kcal/mol at 4A 

Van der Waals 

Casimir effect!



Forces!
•  Van der Waals : Lennard-Jones approximation "
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r12
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Van der Waals interactions!

Interaction            E0 kcal/mol    r0,A      rmin,A   Atomic radii (A) 
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Van der Waals interactions!
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http://web.mit.edu/sangbae/www/media.html 



Water and hydrogen bonds!



Water and hydrogen bonds!



Hydrogen bonds : anisotropic!

  < 20-30o               

  < 90o               

Typical hydrogen bond within a protein.!

hydrogen bonds in water!



SOLVENT: Hydrogen bonds!

Hydrogen bonds in proteins are ENTROPIC 

1. 

2. 



SOLVENT: Hydrogen bonds!
Hydrogen bonds in proteins are ENTROPIC 2. 



Hydrophobic effect!

From: Laidig, K. E.; Daggett, V. J. Phys. Chem., 1996, 100, 5616.  

         Frank & Evans 1945          
•  Water molecules form hydrogen bonds 

•  Polar groups do not disturb the network 
  of water-water interactions. 

•  Non-polar (hydrophobic) groups disrupt 
  the network leading to formation 
  of “local ordering” of water. 
•  Local ordering reduces the entropy 

DG!0.2 kcal/mol due to ordering of the interface water 
              compare to DG of breaking 1 H-bond = 5 kcal/mol 



Conclusions from studies of protein stability

(1)  Sequence changes at buried sites almost always have much larger effects on stability
than  sequence changes at exposed sites.  The small change at exposed sites is not
surprising given that these residues are likely to have similar environments (ie, largely
solvated) in both the denatured and native states.  (See previous figure on ??repressor)

(2)  Charged residues and to a lesser extent polar residues are disfavored at buried sites.
This is expected given  the large energetic cost of burying a charge.

(3)  Sequence changes which reduce the amount of hydrophobic burial are destabilizing.

Hydrophobic effect!
•     (Walter Kauzmann 1959) "

   Entropic (<1nm) and "
   entalpic (>1nm)!

~10 cal/mol/A2 







ELECTRO + SOLVENT : "
Dielectric effect!
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!G ~ T 

Linear in T  
  => entropic! 



In proteins only: Disulfide bonds "
(S-S bonds)!

Oxidize 

Reduce 

CYS side chain :  -CH2-SH  



Rotation f,! !         quantum                          1 Kcal/mol!

H-bonds !      entropic !                              0.5 Kcal/mol!

VdWaals        quantum  ! ! ! ! !             0.2 Kcal/mol!

Hydrophobic      entropic                             1.5 Kcal/mol "
! ! ! ! ! ! ! ! ! ! ! ! ! ! !       ~10 cal/mol/A2!

Electrostatic      entropic!                             2-3 Kcal/mol!

SUMMARY: Biomolecular forces!
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The low-resolution structure of myoglobin that was published by John 
Kendrew and colleagues in 1958 





Secondary Structure: "
b-sheets!



Secondary Structure: "
b-sheets!



Secondary Structure: "
a-helices!



Secondary Structure: "
a-helices!



Domain Structure!

MANY PROTEINS CONSIST OF  
SEVERAL DOMAINS  

MANY PROTEINS ARE DIMERS OR 
OLIGOMERS WHICH CONSIST OF  
SEVERAL POLYPEPTIDE CHAINS. 





Sequence-Structure Mapping!
•  Similar sequences always have similar structures.!
•  Different sequences have different"

structures, but!
•  Different sequences may have similar structures.!

Sequence Space Structure Space 

70% 



Protein Folding Problem!

•  HOW DOES A PROTEIN FOLD? "
Levinthal Paradox: "
 A protein of 100 amino acids has ~ 4100 ~ 1062 possible conformations. Folding by 
trying each conformation in "
10-12 sec will take 1044 years!"

BUT it takes a protein only 10-1..10-2 seconds to fold... "

•  PREDICT PROTEIN STRUCTURE FROM "
IT SEQUENCE."
Is information contained in protein sequence "
sufficient to determine protein structure? "
 Anfinsen Experiment!



Protein Folding!

Levinthal Paradox!

 A protein of 100 amino acids has ~ 4100 ~ 1062 possible 
conformations. If it takes 10-12 sec to try each conformation, then 
it takes 1044 years to find the native one! "

BUT proteins fold in 10-1..10-2 sec. "



Anfinsen Experiment!

"  Information contained in the protein sequence is 
sufficient to determine protein structure! 

"  THERMODYNAMIC HYPOTHESIS:  
The native structure is the GLOBAL minimum of free 
energy.  Anfinsen, C.B. (1973) "Principles that govern the 

folding of protein chains." Science 181 223-230.!


