
Informative Length ScaleInformative Length Scale
in Protein Foldingin Protein Folding

Nima Nima HamedaniHamedani RadjaRadja
IPM, IPM, OrdibeheshtOrdibehesht 8585

Collaborators:

M. R. Ejtehadi

R. R. Farzami



OutlineOutline

IntroductionIntroduction
ModelModel
ResultsResults

• Protein
• Amino Acid
• Side chains
• Cutoff
• Contact
• Coarse-graining
• First to third structure coding
• 6.5 angstrom

•• NondegenerateNondegenerate contact matricescontact matrices

• Mean field approximationMean field approximation

•• Analysis of PDBAnalysis of PDB--like selflike self--avoiding         avoiding         
random walksrandom walks

• Mean filed approach 
• Diamond lattice
• PDB analysis
• PDB-like structures



Protein Polymer

Amino acid Monomer



Sequence

Structure, Configuration



Proteins are something in between.Proteins are something in between.

Chemistry

Biology



Amino acidsAmino acids

Amino Acid





Side chainsSide chains



CutoffCutoff

This picture works properly 
because of the short range 
behavior of interactions due to 
screening.



ContactContact

1.1. The spatial distance of the main chain The spatial distance of the main chain 
Carbons be less than 6.5 Angstrom.Carbons be less than 6.5 Angstrom.

2.2. The spatial distance of any of the heavy The spatial distance of any of the heavy 
atoms ( all but atoms ( all but HydrogensHydrogens ) be less than ) be less than 
4.5 Angstrom.4.5 Angstrom.

The general properties is found to be almost 
the same.

There is no unique and well defined There is no unique and well defined 
definition for cutoff.definition for cutoff.



CoarseCoarse--GrainingGraining



Contact matrixContact matrix



Protein Folding is a coding problem. 
Enough information to design a 3D 
structure for a protein exists in a short 
code in DNA.

The coding has more information in, 
when it chooses the target structure from 
a larger set of structures.



MiyazawaMiyazawa--Jernigan interactionJernigan interaction

Statistical method on real proteins in data bank. They used 6.5 Angstrom 
because maximum number of contacts occur in this distance.



The questionThe question

How many How many nondegeratenondegerate contact matrices contact matrices 
may exist for a specific cutoff distance?may exist for a specific cutoff distance?

For cutoff=0 number of matrices = 0.

For cutoffs larger than the protein size, 
number of matrices = 0.

Is there any maximum?



Are we looking for these kind of Are we looking for these kind of 
graphs?graphs?



Mean field approximationMean field approximation

Assuming a FJC the RMSD between all Assuming a FJC the RMSD between all 
residues is found.residues is found.
Number of different possible matrices is Number of different possible matrices is 
assumed to be proportional to the entropy assumed to be proportional to the entropy 
of the matrix.of the matrix.



Analysis of PDBAnalysis of PDB--like selflike self--avoiding avoiding 
walkswalks

The frequency of contact lengths and The frequency of contact lengths and 
angles of real proteins is found and the angles of real proteins is found and the 
same distribution is applied to the same distribution is applied to the SAWsSAWs..
Number of Number of nondegeneratenondegenerate contact contact 
matrices is found for different cutoffs.matrices is found for different cutoffs.
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Entropy Entropy vsvs CutoffCutoff



Optimum cutoff for different lengthsOptimum cutoff for different lengths



Number of Number of nondegeneratenondegenerate matricesmatrices
vsvs

cutoff (in 0.1 Angstrom) in a diamond latticecutoff (in 0.1 Angstrom) in a diamond lattice
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Contact Length Distribution in PDBContact Length Distribution in PDB
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Contact Angle Distribution in PDBContact Angle Distribution in PDB
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Angle between the contact planes Angle between the contact planes 
distribution in PDBdistribution in PDB
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Number of Number of nondegeneratenondegenerate matricesmatrices
vsvs

cutoff for PDBcutoff for PDB--like structureslike structures



Entropy Entropy vsvs CutoffCutoff



Different lengthsDifferent lengths



ScaledScaled



Maximum?Maximum?



ConclusionConclusion

The maximum number of The maximum number of nondegeneratenondegenerate
contact matrices is found to be a function contact matrices is found to be a function 
of protein length in theoretic approach of protein length in theoretic approach 
and is at the same order of 6.5 angstromand is at the same order of 6.5 angstrom
The number of The number of nondegeneratenondegenerate contact contact 
matrices has its maximum value in range matrices has its maximum value in range 
which contains 6.5 angstrom for PDBwhich contains 6.5 angstrom for PDB--like like 
structures with 20 monomers.structures with 20 monomers.
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