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In this work, we focus on solving subgraph isomorphism problems and as a special
case provide an improved algorithm for protein docking. Protein docking is an essential
part of the early stages of drug discovery. The goal of protein docking is to predict the
position of a small molecule when it is bound to a protein, which helps to identify likely
drug candidates. The goal of this project is to improve the ProBis-Dock algorithm to find
the best dockings between two protein molecules by implementing kernelization methods.

1 Protein graphs

Proteins can be represented with protein graphs [1]. The vertices of the graph correspond
to the functional groups of the amino acids of the protein surface and there is an edge
between two distinct vertices if the corresponding groups are sufficiently close to each
other.

We can see that embedding a smaller protein into another is an embedding of the
smaller protein graph G; = (V4, E;) into the other protein graph Gy = (V4, Ey). Therefore
we wish to find a subgraph of GG, that is isomorphic to G';. There is also a weight for every
pair (vy,ve) € V] x V5 and we want to find the embeddings with the greatest weights.

With the following construction, we can also handle this problem as a weighted maxi-
mum clique problem. The product of two protein graphs G; = (V4, Ey) and Gy = (Va, E, 2)
is the graph G = (V] x V5, E’), where there is an edge between (uq, uy) and (vy, vo) if and
only if uyv, € Ey and ugve € Ey or uyvy ¢ Ey and ugve ¢ Es. A good embedding of the
molecule represented by (i1 into the molecule represented by Gy is a clique of size k = |V|
in the product graph. Our goal is to find the 100 greatest weight k-cliques in this product
graph.

2 Kernelization

When solving a clique problem, it is common practice to use kernelization techniques
and reduce the graph in which we are looking for cliques. In this particular problem,
we can notice that if |Vj| = k, then the graph is k-partite and the k color classes are
{(u,v) : v € Va} for u € V; and we are looking for a k-clique, i.e., a clique of size k. This
allows us to use not only standard kernelization methods, but also additional reductions
only applicable to k-colored graphs.

We show a few reductions [3] we plan to implement to improve the performance of the
clique search. Let G = (V, E) be a simple undirected graph and C4,...,Cy be the color
classes. Let the color index of a vertex v of G (with respect to a proper coloring of GG) be
the number of color classes C; that contain at least one vertex adjacent with v.

Property 1. If the color index of v is at most k—2, then v can be deleted from G without
losing any k-clique.

Property 2. If there are color classes Cy and Cy, and a vertexr v € V' such that there
is no edge between N(v) N Cy and N(v) N Cy, then v can be deleted without losing any
k-clique.
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We can also delete edges using similar ideas. Let the color index of an edge uv be
the number of color classes C; such that C; N N(u) N N(v) is non-empty. Let C! =
C; N N(u) N N(v) be the color classes of the neighbours of uv.

Property 3. If there are two color classes C] and C7, such that there is no edge between
them, then the edge uv can be deleted from G without losing any k-clique.

Note that Properties 2 and 3 can only be used in k-colored graphs when looking for a
k-clique.

Let C7,C5 be two color classes and let eq,...,es be the edges between them. We
construct a new graph G’ by deleting the vertices of C; U Cy and adding extra vertices
U, ..., us for the edges eq,...,es. The edge set of the graph contains the edges of the
original graph between the vertices of V' \ (C} U Cy) and for a new vertex u;: if e; = z;y;,
then we connect u; to every vertex of N(z;) N N(y;). It is easy to see that by coloring the
new vertices with a new color, we get a proper coloring of G’ with & — 1 colors.

Property 4. G contains a k-clique if and only if G’ contains a (k — 1)-clique.

3 Our work

In the last semester we became familiar with the insidrug codebase |2, to which we plan
to add an improved clique search algorithm. We made minor adjustments to the already
existing algorithm and added a naive weighted click search.

The k-cliques in the product graph do not always provide a feasible docking, be-
cause the graph representation does not contain every necessary information about the
molecules. In the future we plan to figure out what extra information we should add to
the graph so that we do not get infeasible embeddings.

It is easy to see that the k-clique problem we solve is in fact a subgraph isomorphism
problem, therefore it is a logical next step to look at how we can use the kernelization
techniques discussed here to solve a subgraph isomorphism problem more efficiently.
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