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Here is described an evolutionary algorithm that predicts
the native structure of single-chain proteins by minimizing a
fitness function on a discretized conformational space. Pre-
dictions are made ab initio, i.e., without taking any known
protein structure as a starting template for the search.

The computational model of protein considers only the
heavy atoms of the backbone, and reduces non-Glycine side
chains to a single virtual C?, which is located along a fixed
direction but whose distance from C® depends on amino
acid type. Bond lengths and angles are set to ideal values
and peptide units are assumed to be planar, limiting the
conformational degrees of freedom of an n-residue protein
to the sequence {0, ¢1,...,Vn—2,Pn-1,%n—1} of backbone
dihedral angles.

Candidate dihedral sequences are generated by assembling
native (1, ¢) pairs, that were extracted from a database of
known protein structures and grouped by dipeptide type
into 20 x 20 = 400 sets. FEach set, representable as in
Fig. 1, contains the only (¢, ¢) pairs allowed by the assem-
bly procedure to a specific dipeptide type, and can actually
be thought to provide the local conformations that, in na-
ture, are most likely for that type. The last dihedral angle,
Yn—1, needed to locate the C-terminal oxygen, is restrained
to only 64 values uniformly distributed in [—180°,180°).

Due to the finite cardinality of the sampling sets used in
the assembly procedure, dihedral sequences are encoded as
strings of integer genes (chromosomes). At each generation
of the evolutionary algorithm, these are subjected to one-
point crossover with probability 0.7 and to single-gene blind
mutation with probability 0.001; The population size is 800
and the total number of generations is 1600.

The fitness of a chromosome, a numerical evaluation of the
structure it encodes, is expressed as a linear combination of
three terms, measuring the amount of atomic collisions in
the structure, its amino acid contact energy, and its radius
of gyration, respectively. The weights of the three terms
were chosen after numerous experiments on a training set of
12 proteins, which were aimed at maximizing the correlation
between fitness and RMSD (Root Mean Square Deviation)
to the native structure. Interestingly, the highest correlation
is achieved when the weight of the radius of gyration is far
greater than the other two, in a combination that biases the
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Figure 1: Representation of the (¢, ¢) sampling set
for dipeptide type Leucine-Lysine. As opposed to
the classical Ramachandran plot, @ values are re-
ported on the horizontal axis and ¢ values on the
vertical axis, emphasizing the fact that, for each
(1, ¢) pair, ¢ precedes ¢ along the polypeptide chain.

evolutionary algorithm toward compact structures which are
also sterically feasible. Even so, the algorithm is unable to
capture the native secondary structure, especially in the case
of beta strands, and cannot therefore compete with current
state-of-the-art predictors.
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