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Minimal Surfaces
A way to minimize
energy and maximize

stability

The first man-made lie, Bacterium, M. mycoides,
hased on informationfrom a computer
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Free energy functional of‘a surface' model
G = g(Ared) = fjgy/gdudy,

wheregammais the 'surface tension andis the Grang‘1 +S? SSZO
determinant g =1+S>+S’ of matrix (9;)= 8%231 14520 3

Minimizing the surface free energy with taellerLagrange  equatign
we arrive at thegeneralized mean curvature equation
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where D,S @ 'is le)IaceBeItramloperator. We solve theplace
Beltrami equatioroelow to generateninimal molecular “surfaces
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Minimal: Molecular surface

The first  biomolecular surface constructed
with the variational principle

Bates, Wel & Zhao, 2006
J. Comput. Chem. 2008



Virus surfaces

Chen, Saxena, Wel, 1JBI, 2009



The first PDE based molecular surface model
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The cell division protein, PDB ID:
1NOE, 9245 atoms in 1328 residues

Major feature:«: Starnting from atomic information; instead:of a given:surface

(Wel, Sun, Zhou and Feig, 2005)



Solvationranalysis

Physiological fact:: - 65-90% cell mass:is water

Protein in water:

Protein in vacuum:




Differential geometry basedonpolarsolvation model

G = m[QDﬂ + Sp+ (1- SU ]dr (Wei, BMB, 2010;
Chen, Zhao, Baker, Bates, \WWej, 2001)

area + volume + van der Waals
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Solvation Energy (kcal/mol)

Comparison of nonpolar solvation free energies
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o Variational multiscale (Chen,
Zhao, Baker, Bates, Wei, 2011)

O  Wwagoner and Baker. PNAS,103,
8331, 2006.

Gallicchio, Kubo, Levy, J. Phys. Chem.
B, 104, 6271, 2000

¢ Ratkova et al, (integral egn theory)
J. Phys. Chem. B, 114, 12068, 2010.



Differential geometry based solvation'model

G = fj[Nonpolar+ Electro|dr (Wei, BMB, 2010;
Chen, Baker, Wei, JCP2010)

Geometric= area +volume'+van der' Waals:
Nonpolar= gibg + Sp+ (1- S)U
Electro=electric field +'solute charges + solvent:ions:

Electro = Sgezﬂ\f)f\z - Fnd+(1- S)g%\f)f\z +KT ¢ (e " - 1)8
C ~ e i u




Variation of the total free 'energy functional
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Generalized Laplace Beltrami equatlon

Generalized PoisseBoltzmann equation

Electrostatic binding and solvation energies

pKa, pH values

Electrostatic forces, ionic distributions

Electrostatic matching between proteins and ligands
Stability of protein folding

Molecular dynamics

Applications
To To o Do o Io Do

A tool for rational drug design (interactions of receptor
inhibitor, protein  -ligand, protein -protein, signal, enzyme,
regulator, etc. )



