Two constraint-based tools for protein folding
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Introduction. A protein is a list of linked units called aminoacids. There are
20 different kinds of aminoacids and the typical length of a protein is less than
500 units. The Protein Structure Prediction Problem (PSP) is the problem of
predicting the 3D native conformation of a protein, when its aminoacid sequence
is known. The process for reaching this state is called the protein folding. It is
widely accepted that the native conformation ensures a state of minimum free
energy [1]. We assume some energy functions previously defined and we focus on
the problem of finding the 3D conformation that minimizes them. We present two
tools developed following different approaches to this problem. In the first we use
Constraint Logic Programming over finite domains applied on the modeling of
the Protein Structure Prediction problem on the Face-Centered Cubic Lattice [4].
In the second we develop a high-level off-lattice simulation method which makes
use of Concurrent Constraint Programming [3]. The two codes are available at
http://www.dimi.uniud.it/dovier /PF.

CLP(FD) minimization. A non-linear minimization problem can be easier
to solve when the solution’s space is finite. In this context, this can be done
by setting admissible aminoacid’s positions as the vertices of a lattice. We use
the so-called Face-Centered Cubic Lattice [7], which is a good discrete model
for protein’s conformations. We look for the protein conformation in the lattice
that minimizes a function which is the sum of the contributions of all pairs of
aminoacids. Each contribution is non-zero only if two aminoacids are under a
certain lattice distance and the precise value depends on their type as described
in [2]. The tool is written in SICStus Prolog, using the clpfd library and it is
based on [4]. We have added constraints obtained by secondary structure predic-
tion (prediction of some local conformations, such as helices and sheets), which
are currently very accurate, to reach acceptable computation time. We have also
developed a local coordinate system to define torsional angles, which allows to
link efficiently the secondary structure information to the three-dimensional fold-
ing. Moreover, we have implemented a method to dynamically prune the search
tree based on the analysis of the contacts between the aminoacids during the
folding process. The results we obtained allow us to effectively predict proteins
up to 60 aminoacids. The actual version of the tool is much faster that the first
version presented in [5]: for some proteins we have reached a speed up of more
than 200 times. Anyway, time is still considerable, as can be expected from the
NP completeness of the problem. Proteins of length up to 20 are folded correctly



in few seconds, while for longer proteins (around 40 aminoacids) the optimal so-
lution is reached in 3 to 10 hours. Proteins of length 60 take longer time, even if
acceptable solutions are found in about 10 hours (on a PC, 3 GHz, 512MB). The
user can choose the maximum search time and he/she can prune the search tree
imposing a “compact” coefficient that acts on the allowed 3D structure to the
protein. In figure 1 it is shown the tool while working on protein 1YPA of length
63, with time limit of 24h (86400s) and compact factor of 0.17. The solution is
found in 14 hours and saved on a standard “pdb” file viewed using the program
ViewerLite.
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Fig. 1. CLP(FD) minimizator

CCP simulation. In this tool, described in [3], we adopt an off-lattice simplified
representation of a protein, where each aminoacid is represented by a center of
interaction. The empirical contact energy function [2] used in the constraint-
based approach is modified and augmented by local terms which describe bond
lengths, bend angles, and torsion angles. Our simulation makes use of concurrent
constraint programming. Basically, each aminoacid of the protein is viewed as
an independent agent that moves in the space and communicates with other
aminoacids. Each agent waits for a communication of the modification of other
aminoacids’ position; after receiving a message, it stores the information in a
list and performs a move. The new position is computed using a Montecarlo
simulation, based on the spatial information available to the aminoacid, which
may not be the current dislocation of the protein, due to asynchrony in the
communication. Once the move is performed, the aminoacid communicates its
new position to all the others. The code has been implemented in Mozart [6].



We tested our system either on known proteins or on artificial sequences of
aminoacids. The code works properly on sequences of Alanines, that are known
to have a high tendency to form a single helix, while for more complex structures
the minima not always corresponds to the real native conformation. In Figure 2
we show the tool while folding a helix from a sequence of 14 Alanines. As initial
state of the protein we set each aminoacid along a line with a step of the bond
distance (3.8 A). We run the simulation for 60 seconds on a PC, 1GHz, 256MB.
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Fig. 2. CCP Simulator.
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