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Within the last decade molecular biology has progressed to become a data rich science,
driven by the emergence of high throughput experiemental techniques such as genome se-
quencing, genotyping and single nucleotide polymorphism (SNP) detection, microarray mea-
surements of gene expression and high throughput protein structure determination. The central
problem now is data analysis and interpretation: to respond to the challenge of deriving new
biological knowledge from a mass of largely uncharacterized data. However, not all data is
uncharacterized. For instance, there are large public data sets of well annotated protein se-
quences, structures and mutations, containing useful functional information derived to a large
extent by quite laborious wet laboratory experiments. This opens up a whole realm of possibil-
ities for automated learning procedures, aiming to learn rules from well characterised data, and
subsequently to apply them to help interpret the flood of uncharacterized data we now face.

Recently we have investigated several applications of automated learning with interesting
biological problems. For instance we have developed support vector machine/decision tree
method to predict the functional effects of mutations in protein sequences (Krishnan and West-
head (2003)), which is applicable to understanding the genetic differences between individuals.
Similar methods were developed for the problem of

�
edge strand prediction in protein struc-

tures (Siepen et al. (2003)), applicable to the understanding of protein aggregation related dis-
eases. In a different vein, we have applied hidden Markov model methods of genome sequence
analysis to study the presence of some important metabolic pathways in important parasites like
malaria and toxoplasma (McConkey et al. (2004)).

In this talk however, we will discuss work on a different problem, that of prediction of the
location of protein-protein interaction sites on protein three-dimensional structures. This is a
key problem for several reasons. First, protein-protein interactions almost certainly account
for much of the complexity of life as we observe it, and as such represent key features of pro-
tein function. Second, we are increasingly faced with uncharacterized protein structures from
experimental structural genomics initiatives, which need to be annotated with predicted func-
tional information such as interaction sites. And, third, the problem of predicting the structure
of protein-protein complexes (the ’docking problem’) is still largely unsolved, and prediction of
interaction sites can reduce the search space and concommittant false positive problem asssoci-
ated with current methods.

We will present a support vector machine approach, which when coupled with a novel pro-
cedure of ranking and filtering predictions is able to predict protein interaction sites accurately
in 76% of cases, as illustrated by a leave-one-out cross validation procedure in a large non-
homologous test set. Also presented will be heterogeneous cross validation where training and
test sets involve interfaces from different functional categories. Finally we present analysis
of some of the prediction failures, and show that these can often be real interaction sites not
actually annotated in the data set used. An example prediction is shown in figure 1.
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Figure 1: An example of predicting protein interaction sites
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