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Tertiary structure predictions: Homology modeling,

abc



Homology Modeling

Based on twomajor observations:

1) The structureof a proteinis
determined by its amino acid sequence

2) Structure is much more conserved than sequence
during evolution



What'shomology modeling?

Predicts the three-<dimensional structure of a given probln
sequence (target) based on an alignment to one or more
known protein structures (templates).

If similarity between the target sequence and the template
sequence is detected, structural similarity can be assumed.

In general, 30% sequence identity is required to generate an
useful model.



Acuracy and applicationof protein structure
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- Comparable to medium resolution X-ray/NMR structure
Structure based design
- Understanding substrate specificity

Properties that do not occur in template (e.g. electrostatics,
cavity volume)

Protein engineering (e.g. stability)

Molecular replacement in X-ray crystallography

Assignment of function/protein fold

Focus mutagenesis experiments

Finding binding/active sites by 3D motif searching
NMR structure refinement
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Steps in Homology Modeling

Step 1: Template Recognition and Initial Alignment-

In practice, one just feeds the query
sequence toone of the countless BLAST

servers on the webh, selects a search of the PDB,
and obtains a list of hits—the modeling templates
and cormresponding alignments
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2. Analignment matrix

By comparing thousands of sequences and sequence
famiilies, it became clear that the opening of gaps

is about as unlikely as at least a couple of nonidentical
residues in a ron.

Opening penalty: for every new gap

Gap extension penalty: for every residue that is skipped
in the alignment
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B Step2: Alignment Correction

Sometimes itmay be difficult to align two
sequences in a region where the percentage
sequence identity is very low

One can then use other sequences from
homologous proteins tofind a solution.
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Template
Model (bad) 1

1

2 3 4 5 6 7

8 9 10 11 12 13

PHE ASP ILE CYS ARG LEU PRO GLY SER ALA GLU ALA VAL

PE

i ASN VAL CYS ARG ALA PR0

--------- GLU ALA ILE

7 s correct, becauseitleads toasmall gap, compared toahuge hole assodatedwith

dignment 1.
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. Step 3: Backbone Generation:-

One simply copies the coordinates of those template

residues that show up in the alignment with the
model sequence.

If twoaligned residues differ, only the backbone
coordinates (N,Ca,C and O) can be copied.

If they are the same, one can also include the side
chain
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. Step4: Loop Modeling:-

There are twomain approaches toloop modeling:-
1). Knowledge based: one searches the PDB for
known loops with endpoints that maich the residues
between which the loop has to be inserted and simply
copies the loop conformation.
2). Enerqgy based: as in true ab initio fold prediction,
an energy function is used tojudge the quality of a
loop
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. Step 5: Side-Chain Modeling:-

Comparing the side-chain conformations (rotamers) of
residues that are conserved in structurally similar proteins

Similar torsion angle about the Ca —C( bond -
Itis therefore possible to simply copy conserved
residues entirely from the template to themodel

W,




. Step 6: Model Optimization:-

Energy = Stretching Energy +Bending Energy
+Torsion Energy +Non-Bonded Interaction Energy

Torsion

Non—-Bonded Interactions




. Step 7: Model Validation

Model should be evaluated for:
- comrectness of the overall foldstructure

- errors over localized regions

- stereochemical parameters: bond lengths, angles, etc



Step 7: Model Validation

The Ramachandran Plot.
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