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The Challenge

A protein is a long sequence of amino acids that fold
into a unique 3D shape. A central tenet of modern
biology is that a protein’s function is determined by its
structure. Often local substructures within the protein
determine its function. These substructures, composed
of a small number of amino acid residues, often have
conserved spatial arrangements across a group of
proteins of the same function, and are referred to as
spatial motifs. The challenge is to develop automated
techniques to identify spatial motifs in proteins.

The Approach

MotifSpace is a collection of computational methods
for discovering, cataloging, querying, and visualizing
spatial motifs. These tools can be used to study the
locations of spatial motifs within protein structures, to
build predictive models for protein function inference,
and to construct hypotheses to guide the design of
biological experiments.

We represent a protein’s structure using a /labeled
multigraph and detect spatial motifs by searching for
common subgraphs among a group of protein graphs.
In our representation, a node abstracts an amino acid
residue in a protein structure with the amino acid type
as the node label. An edge connects two amino acid
residues and is labeled by (1) the discretized Euclidian
distance between the two amino acid residues, and (2)

the potential interaction between the two amino acid
residues. A spatial motif corresponds to a subgraph
where edges are labeled by distance intervals that
allow some perturbation of the amino acids to
account for dynamics and uncertainty in structure
determination.

Protein structures can be represented by three different graph
representations.

Highlights

* A database and user interface to organize, query,
and visualize spatial motifs.

e Afeature selection method to determine the most
significant motifs.

*  Aclassification system to predict protein function
from motifs present in the protein structure.

* A knowledge retrieval agent to automatically
retrieve information associated with spatial
motifs from the literature.
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Proteins are classified into classes/folds/superfamilies/families
by their global structure (figure from http://www.nigms.nih.gov/psi).

Left: an enumeration of sub-/super-graphs that form a lattice.
Right: patterns identified from serine protease (top) and papain-
like cysteine protease (bottom).
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The architecture of MotifSpace

We have developed a frequent subgraph mining
method to search all subgraphs that appear in at least a
fraction of members in a group of graphs. For protein
graphs, such subgraphs represent spatial motifs. As
a proof of concept, we locate patterns with known
biological functions such as the catalytic triad in serine
protease, the catalytic dyad and the hydrophobic binding
pocket in papain-like cysteine protease, the ligand binding
sites in nuclear binding domains, and the co-factor
binding sites in NADP binding proteins.

We identified more than six million spatial motifs from
thousands of representative proteins in the Protein
Databank (PDB). MotifSpace will provide an integrated
view of information and knowledge of spatial motifs.
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