BMC WorkShop

Protein Structure Prediction
Introduction

Marc A. Marti-Renom & Damien Devos

Department of Biopharmaceutical Sciences, UCSF

June 17th and 18th, 2004



Objective

TO LEARN HOW-TO MODEL A
3D-STRUCTURE FROM SEQUENCE
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MODELLER is used for or of protein th structures (1,2,3).

The user provides an alignment of a sequence to be modeled with known related structures and
MODELLER automatically calculates a model containing all non-hydrogen atoms.

This web site presents a tutorial for the use of MODELLER. There are 4 modeling examples that the user
can follow:

1. Basic Modeling. modo! a soquence wen high idantiy ta a template.

This exercise introduces the use of MODELLER in a simple case where the
template selection and target-template alignments are not a prablem.

2. Advance Modeling. medsl s sequencs bassd on mulipis lemplates and bound bo & igand.

This exercise introduces the use of multiple templates and ligands in the process
of model building with MODELLER.

4, Iterative Modeling. incuase the accumsy of the madeling exerese by terating its 4 steps pracess.

This exercise introduces the concept of MOULDING to improve the accuracy of
comparative models.
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What are we going to do”?

» Ask!

» Each day...
» Basic introduction
» Theory (representation-scoring-optimization)
» Available programs
» Application
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Nomenclature

Homology: Sharing a common ancestor, may have similar or dissimilar
functions

Similarity: Score that quantifies the degree of relationship between two
sequences.

Identity: Fraction of identical aminoacids between two aligned
sequences (case of similarity).

Target: Sequence corresponding to the protein to be modeled.

Template: 3D structure/s to be used during protein structure prediction.

Model: Predicted 3D structure of the target sequence.
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protein prediction .vs. protein determination
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Why protein structure prediction?
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Why protein structure prediction?

Theory

1,500,000

400,000

http://salilab.org/modbase/ Experiment
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Why is it useful to know the structure of a protein,
not only its sequence?

The biochemical function (activity) of a protein is defined by its interactions with other
molecules.

The biological function is in large part a consequence of these interactions.

The 3D structure is more informative than sequence because interactions are determined
by residues that are close in space but are frequently distant in sequence.
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In addition, since evolution tends to conserve
function and function depends more directly
on structure than on sequence, structure is
more conserved in evolution than sequence.

The net result is that patterns in space are
frequently more recognizable than patterns in
sequence.
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Principles of Protein Structure
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Steps in Comparative Protein Structure Modeling
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R. Sanchez & A. Sali, Curr. Opin. Str. Biol. 7, 206, 1997.

M. Marti et al. Ann. Rev. Biophys. Biomolec. Struct., 29, 291, 2000.
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Utility of protein structure models, despite errors

D. Baker & A. Sali.
Science 294, 93, 2001.
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APPLICATIONS

studying catalytic
mechanism

designing and improving
ligands

docking of macromolecules,
prediction of protein partners

virtual screening and
docking of small ligands

defining antibody epitopes

molecular replacement in
X-ray crystallography

designing chimeras, stable,
crystallizable variants

supporting site-directed
mutagenesis

refining NMR structures

fitting into low-resolution
electron density

structure from sparse
experimental restraints

functional relationships
from structural similarity

identifying patches of
conserved surface residues

finding functional sites by
3D motif searching
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http://www.salilab.org/modeller/workshop/links/
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Web site...

http://www.salilab.org/modeller/workshop/
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Tutorial
Literatura MODELLER is used for homology or comparative modeling of protein three-dimensional structures (1,2,3).
O The user provides an alignment of a sequence to be modeled with known related structures and
Links MODELLER automatically calculates a model containing all non-hydrogen atoms.
Examples This web site presents a tutorial for the use of MODELLER. There are 4 modeling examples that the user
can follow:
Basic .
1. Basic MDﬂB”I‘Ig. Modol a soquence with high idantty to a temolaie.
Advance 2 e : ’
T This exercise introduces the use of MODELLER in a simple case where the
Iterative template selection and target-template alignments are not a problem.
Difficult 2. Advance Modeling. madel a ssquence based on multiple lerelates and bound bo a fgand.
This exercise introduces the use of multiple templates and ligands in the process
of model building with MODELLER.
4. Iterative Modeling. incease the accuracy of Ihe modeling exsrcse by deraling its 4 sbeps procoss
This exercise introduces the concept of MOULDING to improve the accuracy of -
comparative models. :
- 4
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