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PROTEIN CONFORMATION
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A) BACKBONE

1) defined by 3 dihedral angles : ¢, ¢, and ®
2) Planarity of the peptide bond : @ = 180° or w = 0°

3) For most residues, the (¢, ¢) conformational space is limited
(Ramachandran plot}

B) SIDE-CHAINS
1) Defined by y dihedral angles (i~ .

3) 3 possibie conformations for each y angles \

@ )

3) Side-chains are observed to cluster in limited sets of
conformations, called rotamers
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SIDE-CHAIN CONFORMATION

1) ROTAMER LIBRARY : Tuffery et al (1991)

— a total of 113 rotamers for 19 residues

2) THE CONFORMATIONAL MATRIX: CM

For a protein of N residues : CM of size NRES x K
CM(i,)) 1s the probability that residue i adopts the conformation described

by rotamer j
Two applications :

A) The rotamer with the highest probability describes the
conformation of the side—-chain
B) CM provides an estimate of the conformational entropy

of the side—chains

Foraresiduei  S(i) = = R Z CM(i,k) Ln [ CM(,k) ]
k

@)



CALCULATION OF THE SIDE-CHAIN CONFORMATION MATRIX

Get backbone coordinates

( target or homologous protein)

cM

Set initial conformational matrix :

"]

b

For each side-chain i, and each rotamer k

Calculate mean potential E(i,k)

Y

M1

Converts energies in probabilitics‘l

CM1=C

Yes

No Update CM :

Y

CM = A CM1 + (1-A) CM

Optimized conformational matrix

e

Place side-chains according to
rotamers with higher probability

Energy minimization of side-chains

Final predicted structure

Calculate conformational entropy
of each side-chain :

S(i) = - R JTM(ik) Ln ( CM(3ik) )
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Effects of the energy minimization on the accuracy of

the dihedral angles prediction
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Accuracy of side-chain prediction for specific

side-chain types

Residue  X1(%) _ x2(%) x1+42(%) Rmsd(A)
Large non polar
VAL 84 0.92
ILE 82 77 68 1.22
LEU 85 72 68 1.24
PHE 88 94 85 1.61
MET 84 73 62 1.81
Aromatic side-chains
TRP 87 72 69 2.30
TYR 93 97 92 1.45
HIS 81 51 49 1.95
Small side-chains
PRO 55 0.84
CYS 81 1.18
SER 42 1.69
THR 80 0.97
Polar side-chains
ASN 73 57 46 1.84
GLN 73 74 60 2.02
ASP 64 81 56 1.83
GLU 66 66 45 2.15
LYS 68 72 50 2.44
ARG 66 g1 54 3.05




Possible causes for discrepancies

A) Incomplete force-field

1) No specific terms for hydrogen bonds ( SER, THR ...)

2) Solvent not included ( surface residues )

B) Inherent clashes due to the rotamer library

Test case : BPTI; energy : - 167 Kcal/Mol

"Ideal" structure : each sidechain replaced by the closest (r.m.s.d.) rotamer

U
(Kcal/Mol)
Library No. of Ideal Final X1 xXi+2
rotamers structure  model (%)} (%)
Tuffery et al 303 81 -394 g7 74
(1991}

LIBT {120%) 552 61 -56.7 85 67
LIB2 (60°) 3474 =75 -79.1 67 57
LIB3 (30°) 4512 -84 -110 65 54

BPTI -167
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