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Protein Modeling Methods

+ Ab initio methods:
solution of a protein folding problem
search in conformational space

« Energy-based methods:
energy minimization
molecular simulation

» Knowledge-based methods:
homology modeling
fold recogniion

Genetic Algorithms Applications
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Protein Modeling Methods

+ Ab initio methods
« Energy-based methods

« Knowledge-based methods

Ab initio Methods

Simplified models
simplified alphabet (HP)
simplified representation (lattice)
Build-up techniques
Deterministic methods
quantum mechanics
diffusion equations
DFT
Stochastic searches
Monte Carlo
genetic algorithms

Protein folding funnels

27 unit cubic lattice model

P. Leopold et al., 1992



HP Lattice Models
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HP Lattice Models
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Folding pathways Chan & Dill, 1998

Hierarchical ab initio prediction

T46/adg - 7.5 A (49 residucs; 66-113) FTE6/dnab — 6.8 A (60 residucs; 67-126)
*WhS/sini — 4.0 A (30 residues) FTTdheps15 - 70 A (60 residues; 154-213)
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Knowledge-based scoring functions

Samudrala et al., 1999

The denatured coil (A) collapses

Protein folding funnels
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HP Lattice Models

N Folding pathways

Chan & Dill, 1998

Ab initio prediction using Rosetta
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Ab initio prediction using Robetta

T0209 domain 2

40/57 LGA fit within 4.0 A
2.35 A fit RMSD

GDT_TS: 59.21
Native First Robetta De Novo Model
T0230
f }SJ/IOZ LGA 1|l within 4.0 A
2.61 A fit RMSD
GDT_T S 51.72
Native First Robetta De Novo Model

Chivian etal., 2005

Quantum Chemistry Refinement of
Protein-Ligand Structures

Ligand

Protein

Xiang et al., 2004

Density Functional Theory
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DFT optimization of NMR structure (1PNH)

Andreoni etal., 1999

Quantum Chemistry Refinement of
Protein Structures

Ryde etal., 2003

Density Functional Theory
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+ real potential particles + effective potential
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HK theorem: Each local
one-particle potential
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‘Adopted fromWilfried Aulbur, OSU

Folding simulations of high resolution reduced
lattice model using Monte Carlo dynamics
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S.Kmiecik and A.Kolinski, 2007



Protein Modeling Methods

« Ab initio methods:
solution of a protein folding problem
search in conformational space

» Energy-based methods:
energy minimization
molecular simulation

» Knowledge-based methods:
homology modeling
fold recogniion

Potential Energy Function
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Forcefields:

Bond length

E=% kb (r-
bonds

Potential Energy Functions

Quantum i i i feuristi
(explicit solvent) (continuum solvent)
Coulomb’s law-¢—Bonded: < > Bonded: < » Conformational strain
Schrédinger equaton Bond length Bond length~_
Bond angle Bond angle ~
Torsion angle Torsion angle _/,‘Siahshcm terms
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Non-bonded: ¢ —»Non-bonded: _ 4 Steric
Lennard-Jones. Lennard-Jones€__ /" complementarity
Coulomb's law Coulomb's law A Chermical
ontinuum solvati complementarity:
Surface area Charge patteming
Apg equation Hydrogen bonds

Current Opinion in Structural Biology

Boas & Harbury, 2007

Non-Bonded Interactions

Torsion

Bond
stretching

(=3

N P

Non-Bonded Interactions

Bond length
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Bond angle
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Bond length and angle (parameters)
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Torsional angle
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van der Waals term
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Non-bonded terms
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Electrostatic term



Non-bonded terms (parameters)
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Potential Energy Function

Water

Iven
Hydrophobic effect is roughly ST syt el
proportional to surface area
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Boas & Harbury, 2007

Energy Minimazation
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Electrostatic interactions

electrostatic potential calculated using PME

particle-mesh Ewald (PME) summation

Adopted from J.C.Phillips et al. (2005)

Energy Minimazation
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