BINF 731

Protein Structure Analysis

losif Vaisman

2012

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
guantum mechanics
diffusion equations
DFT
Stochastic searches
Monte Carlo
genetic algorithms

HP Lattice Models
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Chan & Dill, 1998



HP Lattice Models
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Folding pathways Chan & Dill, 1098

Hierarchical ab initio prediction

Ta6/adi = 7.5 A (49 residues: 66-113) #TS6/dnab - 6.8 A (60 residucss 67-126)
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Lattice models
Knowledge-based scoring functions

Samudrala et al., 1999

Ab initio prediction using Robetta
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Native First Robetta De Novo Model
Chivian etal., 2005

HP Lattice Models

N Folding pathways

Chan & Dill, 1998

Ab initio prediction using Rosetta
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Simons et al., 1999

Quantum Chemistry Refinement of
Protein Structures

Ryde etal., 2003



Quantum Chemistry Refinement of
Protein-Ligand Structures

Y

’x//(‘ov‘e_w“‘ y

Ligand

Protein

Xiang etal., 2004

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

Andreoni et al., 1999

Potential Energy Functions

Quantum i i
(explicit solvent) (continuum solvent)

strain

Coulomb’s law—Bonded: Bonded: C

Schrodinger equation Bond length Bond lengf
Bond angle Bond angle
Torsion angle Torsion angle Statistical terms

Non-bonded: <—————»Non-bonded:

Lennard-Jone: Lennard-Jones' complementarity
Coulomb's law Coulomb's law Chemical
S0 i solvation:
Surface area Charge patteming
PB equation Hydrogen bonds

Current Opinion in Structural Biology

Boas & Harbury, 2007

Density Functional Theory
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Interacting electrons Non-interacting, fictitious

+ real potential particles + effective potential
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HK theorem: Each local
one-particle potential

1['\(r}=[\|’['\(r}|2
corresponds to exactly one one-to-one

ground state density. ned)

Adopted fromWiltried Aulbur, OSU

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

PEF(R) = ZKB(R)-bY + TKBER)-0) +

bonds angles
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dihedrals

Z [ Aij - B ij t+ q:q; ]
non-bonded rJ(R)12 r](‘?)6 SVSOI;J(R) (1)
atom pairs ij ! !

Forcefields: AMBER, CHARMM, CVF, ECEPP, GROMOS



Non-Bonded Interactions Bond length

Torsion E=¥k (-r )2
bonds & o

Bond
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Non-Bonded Interactions

Bond length Bond angle

B=Xk, 6-6)°
angles © o

Optimum

Bond angle Bond length and angle (parameters)
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Torsional angle Torsional angle (parameters)
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Non-bonded terms Non-bonded terms (parameters)

van der Waals attraction regime

Electrostatic interactions Potential Energy Function

Water

I ]
Hydrophobic effect is roughly Conlniim solvent mode
proportional to surface area
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Torsion angle

electrostatic potential calculated using PME { Lennard-Jones

\" ‘.k,

. . Distance > 23
particle-mesh Ewald (PME) summation Bond length or
three-atom angle

Adopted from J.C.Phillips et al. (2005)
Boas & Harbury, 2007



Energy Minimazation
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Energy Minimazation
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