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Molecules, Properties & Applications
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Proteins

Secondary structure: b-sheet, a-helix

Tertiary structure: 3D
Quaternary structure: assemblages
Binding affinities

- Proteins

- DNA, RNA

- Small molecules; e.g., transmitters
lonization states (pKas)
Stabilities; e.g., heat, acid
Catalytic properties: Chemistry, specificity
Spectroscopy; e.g., chlorophyll
Allostery
Energy transduction

- Chemical -*nechanical
- Mechanical —ehemical




“Small Molecules”

(e.g., metabolites, transmitters, membrane lipids)

Conformational distributions
lonization states (pKas)
Biological compartmentalization

- Solubllity
- Membrane permeance

Binding affinities
- Proteins (enzymes, receptors)
- DNA, RNA

Properties of assemblages; e.g.,
lipid bilayers:

- Phase transitions

- Permeabilities

- Fusion mechanisms




Applications

Protein engineering, possibly as part of metabolic
engineering

Enzyme inhibitors to control metabolic flow

Designed chemical separations for metabolic
products, biomass

Drug-design: small molecules and
biopharmaceuticals

Gene annotation




Prediction Methods

Physics-based

Knowledge-based




Physics-Based Methods

Classical statististical thermodynamics -- evaluation of
integrals over many conformations

Quantum chemistry -- solving Schrodinger’s equation for
a few conformations




Classical Modeling

Empirical force fields; e.g., CHARMM, AMBER, OPLS,
MMXx

Implicit solvent models; e.g. Poisson-Boltzmann
electrostatics, generalized Born

Sampling techniques: molecular dynamics, Monte
Carlo, Predominant States, global optimization
Typical Applications

Predicting conformations of small
molecules or parts of proteins

Modeling dynamics of proteins,
assemblages, around a conformation

Modeling membranes

Calculation of noncovalent binding
affinities




Quantum Chemistry

Ab initio and semi-empirical

Analyses one or a few molecular conformations

Typical Applications

Modeling reactivity and chemical
catalysis

Predicting and interpreting spectroscopy
Developing empirical force-fields

Predicting local structure (e.g.,
metalloproteins)




Knowledge-Based Methods

Based upon molecular similarity & databases
Macromolecular structure (PDB, NDB...)
Functional annotations of genes
Structure-activity relationships of small
molecules

Typical applications

Protein & RNA structure prediction; e.qg,
homology,threading, substructure libraries

Prediction of catalytic activity; e.g., via
homology modeling and 3D motif detection




Directions




Models and Algorithms

Enhanced empirical force fields
- Electronic polarization
- Broader range of validity
- Increased accuracy

New serial and parallel algorithms
- classical
- quantum

Combined quantum/classical modeling

Broader application of knowledge-based
methods; e.g., macromolecular binding

Membrane proteins




Validation

Data sets and databases
Prediction versus postdiction; e.g., CASP

Standards-setting




Software

Infrastructure of basic algorithms; e.g., force-field
iImplementations and molecular manipulations

User-interfaces, especially for non-specialists
and students:

Desktop applications

Web-based applications




