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Abstract

World-wide structural genomics initiatives are rapidly
accumulating structures for which limited functional infor-
mation is available. Additionally, state-of-the art structural
prediction programs are now capable of generating at least
low resolution structural models of target proteins. Accu-
rate detection and classification of functional sites within
both solved and modelled protein structures therefore rep-
resents an important challenge.

We present a fully automatic site detection method,
FuncSte, that uses neural network classifiers to pre-
dict the location and type of functionally important sitesin
protein structures. The method is designed primarily to re-
quire only backbone residue positions without the need for
specific side-chain atoms to be present.

In order to highlight effective site detection in low reso-
[ution structural models FuncSite was used to screen model
proteins generated using mGenTHREADER on a set of
newly released structures. We found effective metal site de-
tection even for moderate quality protein models illustrat-
ing the robustness of the method.

1. Introduction

The wealth of biological data being generated world-
wide has resulted in major new challenges to allow in depth
understanding of complex biological processes. In partic-
ular structural genomics initiatives, which aim to decipher
the structure of target proteins on a genome-wide scale, are
rapidly accumulating structures without clear functional as-
signments. Consequently there is a clear need for effec-
tive tools to improve the information content of genomic

databases as well as direct experimental biologist to fully
exploit the vast diversity provided in nature.

Sequence searching tools have now become routine in
initial investigations of new protein and DNA sequences.
However, sequence based methods are incapable of di-
rectly encoding the three-dimensional spatial organization
of functional residues and the atoms responsible for bio-
chemical action in the folded protein.

Here we present FuncSite, a novel approach using arti-
ficial neural networks (ANN) to predict functional site re-
gions in protein structure. The method is designed to iden-
tify a variety of site regions in super-families by combin-
ing PSI-BLAST sequence profile and structural informa-
tion. We have applied the approach to a selection of metal
binding sites, DNA binding interfaces and adenylate bind-
ing pockets. We avoid using side-chain atom information
in order to allow effective site prediction in moderate qual-
ity structural models. We also show FuncSite predictions to
be a useful distinguisher to aid in the effective ranking of
model proteins.

2. Methods
2.1. Site Features and Definitions

Given a protein structure we retrieve many different
attributes to encode sites. For each site, consisting of N
residue (seed and N-1 neighbors), we define 20N PSI-
BLAST profile scores, 3N secondary structure states, N sol-
vent accessibility scores and an inter-atomic distance matrix
between the N residues (N(Nfl) ). Residues within interact-
ing range of a functionally relevant prosthetic group are la-
beled as site residues (Figure 1).
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2. Mark Residues with main chain atoms
within 7A of metal as seed.

1. Identify Site Residues from
structure.

BT Identify all N nearest
neighbours to seeds.

4. Extract PSSM scores, DSSP assignments and calculate distance matrix
for all marked residues.

Figure 1. Encoding of Site Patterns.

2.2. Cross-Validation

The dataset was divided into groups for cross-validation
such that proteins belonging to the same super-family were
grouped together. This is a robust measure to ensure effec-
tive generalization across super-families.

2.3. Generating Structural Models

The mGenTHREADER([1, 2] fold recognition method
was used to generate protein models. Model proteins were
generated for a set of LiveBench [5] targets, known to con-
tain metal binding sites.

3. Reaults

FuncSite was trained to identify commonly occurring
metal binding sites occurring in nature. The top ranking
FuncSite predictions, for super-family members containing
functionally important metal ions, identified 85.9% of sites
with a selectivity of 73.5%. We also screened newly re-
leased structures from the LiveBench structure prediction
assessments. FuncSite was able to accurately detect the cor-
rect metal binding region in 19/24 (71.2%) of these targets.
Figure 2 illustrates two example targets for which no metal
binding information was obtainable using Interpro.

The method was also able to locate a Mn>* binding site
in the yeast POP2, as described in the literature, protein al-
though the metal ion was absent in crystal structure. Inter-
estingly, we also observed a Fe3T strong hit in the struc-
tural geonomics target HIO817 from H. in fluenzae.

Reasonable structural models were generated for 15 of

the 24 metal containing targets. Of these modeled structures
FuncSite correctly predicted 53% of metal binding sites.

Figure 2. Metal site predictions of LiveBench
targets a) N-acetylmuramoyl-L-alanine Ami-
dase and b) Phosphonoacetate Hydrolase.

4. Conclusions

We have developed a functional site predication tool ca-
pable of identifying sites in low resolution structural mod-
els. Functional site predictions in modeled structures are
also likely to complement fold recognition methods, the
correct spatial clustering of functionally important residues
could be used as a measure of structure prediction quality,
and efforts are underway to determine how FuncSite may be
extended to improve structural predictions. Application of
the method to identify DNA binding interfaces and adeny-
late binding pockets is promising as well as application of
the method to structural models that have been generated
across genomes for the Genomic Threading Database [3, 4]
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