Text S1
The Model and Formulation of the Problem

Here, we present the derivation of the main equations of the paper.

The protein exhibits energy, volume and residue position fluctuations. The probability distribution 
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, of the energy, volume and residue positions is given by the statistical - thermodynamic expression
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(A1)

where, k is the Boltzmann constant and F is the force. The correlation of fluctuations 
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 of the ith and jth residues are defined as
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Using the expression, Eq. A1, for the distribution leads to [51]
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(A3)

In general, if Фk represents any of the extensive variables ∆U, ∆V, ∆R, and (k represent the conjugate variables 1/T,- P, F, then, in principle, all higher moments of the extensive variables can be derived iteratively according to the rule [1]
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(A4)

where, 
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 denotes the fluctuations of the extensive variables, ∆U, ∆V, ∆R, or their product of any order. For example, letting 
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we obtain 
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(A5)

Higher order moments can also be obtained by a recursion relation [1].

If we assume that the fluctuations result from a contact potential, then the force-position equation of state is 
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is the force constant matrix, whose ij’th element is taken as a constant (if residue i and residue j of the protein are within a cutoff distance of 
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, the ij’th element is zero. The diagonal element 
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is defined as the negative sum of the i’th row. Use of Eq. A3 then leads to
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(A6)

We can similarly show the correlation of the energy fluctuations with fluctuations of residue positions. This is important because a strong correlation 
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 between the total energy uptake of the protein and the residues i and j directly points to the residues i and j that are active in this energy transfer. For this, we write the energy fluctuations for the harmonic system as
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(A7)

Here, summation is understood over repeated indices. This expression is based on the assumption that the system is in a state of ease when the residues are at their mean positions.

Choosing 
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 and using the recursion relation, Eq. A4, we have
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(A8)

We write the first term in angular brackets on the right hand side as
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The second term is written as 


[image: image29.wmf](

)

i

ii

jjj

R

U

kTURkTUkTR

FFF

¶D

¶¶D

DD=D+D

¶¶¶






[image: image30.wmf]1

ijij

kTUkTRR

-

=D+DD

Γ









(A10)

Since 
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The relative energy calculations
The approximate estimates of interaction energies are performed by static minimization of the energies of the system. The energy minimizations are performed for the native protein, in the absence of explicit water, using OPLS force field (2, 3) and Hyperchem. The dielectric constant is taken with a scale factor of unity, the 1-4 electrostatic scale factor is taken as 0.5 and the van der Waals parameter is taken as 0.25, with cutoff switched off. The OPLS energy function contains bond, angle, torsion, non-bonded, electrostatic and hydrogen bond components. The minimization is performed by the Polack-Ribiere conjugate gradient algorithm, with a termination condition of RMS gradient of 0.1 kcal/(Å mol). 

In the calculations, we first minimized the energy of the system. In order to calculate the interaction of a given residue with the rest of the protein, which is in the minimum energy conformation, the residue is chosen in the matrix of the remaining residues that are kept in their native states, and the interaction energy of the chosen residue is minimized around the given conformation using the OPLS force field. In doing this calculation only the residue of interest is left flexible and the conformations of the remaining protein residues are kept fixed at their native values. The OPLS force field is optimized for biological systems, yet the other force fields, MM+, BioCharmm, and Amber give similar results. The calculated energies are sensitively dependent on the value of the dielectric constant chosen. In calculations of biological systems in the absence of explicit water, its value is taken between 1 and 4. 
The interaction energy of the peptide with the protein  (the heavy chain A) is calculated in three steps: (i) the minimum energy
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of the peptide and the protein together is calculated; (ii) the energy
[image: image34.wmf](

)

Eii

of the protein only, kept rigid in the conformation found in step (i), the co-crystal chain A structure, is calculated; (iii) the energy 
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of the peptide only, kept rigid in the conformation found in step (i), the co-crystal peptide  structure, is calculated. The interaction energy of the peptide is taken as
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. This calculation gives an idea about energy changes in rigid docking, and should not be taken as the binding energy in the thermodynamic sense. The energy of GLU163 given in Table 3 is calculated on the same basis. 
On the other hand, mutations are performed by using the ‘mutate’ command of Hyperchem which replaced the wild type residue by the residue of interest. The interaction energy of the residue of interest with its surroundings in the energy minimized unmutated and mutated protein is determined. 
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