Why build model structures?

Knowledge of a protein’s three-dimensional structure is vital to a full
understanding of the molecular basis for its biological function.

We want to understand the function of all proteins encoded by a genome,
therefore we would like to know all of their 3-D structures.

Experimental techniques for determining protein structure are relatively
slow and expensive, so we look to modelling as a way of extending the
set of 3-D structures.

Modelling can also be used in protein engineering when designing
proteins for therapeutic applications.
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Comparative modelling strategy
* identify a known structure that is predicted to be similar;
* align sequences;

e predict structurally conserved regions, and locations of insertions
and deletions (sometimes called “indels”);

¢ build model backbone structure

— copy predicted conserved main chain regions from
template structure,

— remodel loops with insertions or deletions;

e add side chains to the modelled main chain;

¢ evaluate and refine model.
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Comparative modelling and fold recognition

Comparative modelling (homology modelling):
Given:
* sequence of target protein with unknown structure
* known structure of a related protein
Predict:
* three-dimensional structure of target protein

Fold recognition:
Given:
e sequence of target protein with unknown structure
* library of known folds
Predict:

* known fold that is most compatible with the target protein’s
sequence
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Side chain rotamers

There is an extremely large number of possible combinations of side
chain conformations — infinite if we consider side-chain bonds to be
continuously variable.

For practical purposes the search space can be discretised by
considering a finite set of possible torsion angles for each side-chain.

The distribution of side chain conformations falls into statistically
significant clusters. By using representative side chain conformations, or
rotamers, the vast combinatorial search space can be greatly reduced.
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