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1 Introduction.

Ab initio protein fold prediction tries to provide a framework to predict the structure based
on sequence alone. Such an algorithm would greatly benefit from having an accurate sec-
ondary structure predictor that does not rely on multiple sequence alignments like modern
algorithms (e.g. [3]), but would achieve an accurate prediction based on sequence alone, as
attempted by previous heuristics (e.g. [1]). This would provide a tool for biologist to predict
secondary structure elements (SSE) for proteins having few or very distant evolutionary re-
lated sequences. We introduce a novel approach for predicting secondary structure based on
inter-residue contact scores obtained using a statistical analysis of a non-redundant database
of 645 resolved structures [2]. This method is a component of a larger project to predict
tertiary structure.

2 Methodology

Alpha helices: We distinguish 2 types of a-helices: amphipathic helices, those partially
exposed to the solvent, and hydrophobic helices, those completely buried in the core of the
protein. For each type, we consider 2 types of interactions, interaction with the solvent and
between the side chains of the amino acids forming the helix. For amphipathic helices, we
use a helical wheel representation of the region to be predicted (figure 1). For core helices, we
use a set of scores homogeneously applied on all the residues in the window being assessed.
We merge high scoring regions to obtain our prediction of helical regions.

Figure 1: Helical Wheel Representation. To model the solvent interaction with the amphipathic
a-helix, we use a set of amino acid solvent propensities. These are applied using a helical wheel
representation of the sequence to be assessed (left). For interactions between residues, we use the
fact that any residue at position n will be in contact with residues at position n+ 3 and n+ 4 (right)

We also use the fact that a-helices create an electric dipole that is often counterbalanced
by negative and positive residues at the beginning and end of helices respectively. We use
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the different amino acid propensities to either start or end a helix to adjust the predicted
regions made at the previous step. The obtained scores are normalized to a probability using
a logistic function.

Beta Sheets : We use the hypothesis that 3-sheet regions in the native structure are the
ones that are the most likely to form favorable interfaces with the rest of the sequence. We
compute a scoring function for each window of 4 residues against all the remaining sequence
and count the number of times that the score was higher than a set threshold. Since these
interfaces are more likely to occur with nearby residues, this feature was also modeled. We
used previous equations obtained in statistical physics that model the number of consecutive
residues in coils by modeling proteins as a worm-like chain [4] . The observed distribution
versus the theoretical model are shown in figure 2. The loop length distribution is integrated
with the pairwise interaction score to obtain the overall 3-sheet score. We scan the whole
sequence to find high scoring regions and return those as our predicted sheet regions.

Distribution of loop lengths for antiparallel beta sheets Distribution of loop lengths for parallel beta sheets
(predicted vs observed) (predicted vs observed)
oz 0.03
—obsanad
—observed fj\ e Predicad
——predictad o

Frequency of occurrence
o
a
RN S
e
| b=

= S

kY
» SR

o 10 20 30 40 s0 ea o 20 a0 en 20 100 120 140
Loop length(number of residues) Loop length (number of residues)

Figure 2: Distribution of loop lengths for B-sheets. We compare empirical data for the distribution
of the number of residues between corresponding (-strands against our theoretical model for both
antiparallel sheet (left) and parallel ones (right)

3 Results

Using various test sets, we achieve accuracies equal to or better than most single sequence
methods and comparable accuracy to modern methods that incorporate information from
homologous sequences. The presented method is currently being integrated into a tertiary
structure prediction algorithm.
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