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Seqguence of Amino Acids join to form a protein

Backbone atomic composition independent of amino
acid type

Amino acid type determined by side chain atoms
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|dentify native structure from a set of plausible
structures (decoys)
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Conjecture [Tobi and Elber, 2000]: Impossible to
distinguish between native and structures
within 1 A RMSD of it.

Recent efforts have focused on many-body
energy terms:
E= E+ g +.
Computed by mining pdb database: n-bodies that
are more common than random are favorable

Statistical in nature and do not have a direct
underlying physical basis



Such a physical system seeks to minimize free
energy G
G=U-TS
U: Enthalpy (Average energy)
S: Entropy
T: Temperature

Common Assumption: S is negligible (or T=0),
minimize only U
Convenient since estimating S Is considered hard
We estimate S (and therefore G)

=



Static Structure

87 Energy Landscape

Structure Ensemble
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Compact representation of multivariate probability
distributions

Represented using a graph over variables and factors
(factor graph representation)
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Factors encode “influence”. In our case, factors
depend on energy of interaction E;.

Used by [yanover and Weiss '02] for side chain placement
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Consider an approximation b(X) to the true belief p(X)

KLDivergercgb(X), p(X))F b(X)E(X)-T b(X)Inwlx)HnZ

Free Energy

Minimizing G, computationally corresponds to finding best
approximation to Z

Physically, this corresponds to obtaining G under
equilibrium

Approximate Inference therefore implicitly (or explicitly)
obtains an estimate of G



Performs Inference by passing messages between regions of
nodes until convergence [Yedidia et. al, 2005]

Minimizes apprOX|mat|on to G called reglon graph free
energy A -




Bethe Approximation(BP) Junction Graph Approximation Kikuchi Approximation

Many different region graphs possible
Simplest region graph corresponds to Bethe Approximation

Actual approximation can be tailored according to space and
time requirements

We use the second approximation
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Markov Random Field
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Structure Ensemble

G=U-TS



Hypothesis 1: The native structure is the one
with the highest entropy

Structure decoys have similar (or identical)
Internal energies (U)

G=U-TS
Experiment

Rank structures in decreasing order of S
Expect that native structure is ranked #1



Hypothesis 2: GBP-based DG estimates
capture the essential features of the protein
Experiment

Predict mutational DDG'’s
Compare to experimentally determined values
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Immunoglobulin folds
from DecoysRUs DB

Number of datasets

Rank of native structure

Each dataset contained native structure and ~27
near-native structures (within 2 A RMSD)

In 87.5% of the datasets, native structure had
highest entropy



Two body
statistical potentials

Two body
molecular potentials

Our Entropy Term AN Multi-body statistical potential
Comparison with other putative (energy only) approaches

* Expanded dataset: 60 decoys per dataset, includes
decoys that are not near-native.
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Structure Ensemble Markov Random Field

%GBP

G=U-TS
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Incorporating backbone flexibility

Modeling external factors like ligands and
solvents

Extending energy terms

More descriptive terms: Solvation, electrostatics
etc

Including experimental data
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