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It has been shown that the native structure of a small pra@mnbe efficiently found as the
global minimum of a certain all-atom forcefield. In the presstudy, we use this approach to
simulate folding of Engrailed homeodomain (PDB code 1ENbt)taining the helix-turn-helix
motif. The search procedure is based on the Monte Carlo atediannealing combined with
the evolutionary algorithm. We propose a new way of incregaghe efficiency of this method.

1 Introduction

The free-energy approach has delivered promising resarlfgrbtein folding and structure
prediction in recent years. Following Anfinsen’s hypotlsgshe native state is postulated
to be the global minimum of a all-atom free-energy functidhis minimum can be found
by optimization methodsinvolving the Monte Carlo simulated annealing. This apptoa
was successfully used to fotd, 3- and mixed proteins of small lengiti3.

This procedure requires an accurate, transferable enengyién, such as the Protein
Force Field (PFF02) developed in our gréup

E = Eyj + Ers + Esasa + Eus + ER.

It contains the following terms: (155, the standard Lennard-Jones potential Az}, the
Coulomb energy of electrotatic interaction with efficierdldctric constants, (sasa, a
term proportional to the solvent accessible surface atal (i, a term for the hydrogen
bonding, (5)Fr, a term stabilizing thg-regions in the Ramachandran plots. All the atoms
are explicitly represented (only the apolar grdtig,, is considered as a single atom). The
bond angles and the bond lengths are fixed. The degrees dbfreeonsidered are the
backbone), ¢) and the sidechain() dihedral angles. The solvent is taken into account
implicitly.

The Monte Carlo procedure involves two kinds of moves: (liased, consisting of
a ramdom change of the dihedral angles, and (2) biased, vaeicthe dihedral angles
(within a single residue) to predefined values from a celthrary.

The most promising optimization method is the evolutioragorithn?, where a fixed
size population of conformations evolves simultaneouSlye cycle of the algorithm con-
sists of the following steps. An individual conformationtégken randomly from the pop-
ulation and is subjected to the Monte Carlo simulated ammgatarting from a random
temperature. The obtained structure is then added to thelgttgm. If the similar (in
terms of RMSD) conformations are already present, than tieane among them with
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Figure 1. The phase diagram for the Engrailed homeodomdie.optimal annealing path is shown by the arrow.

the lowest energy is kept in the population and the othersearmved. Otherwise, the
highest energy structure within the entire population maeed (provided the population
size has exceeded the certain limit). After many such cydtheslowest energy structure
approaches the global minimum.

In the present work, we improve this procedure by optimizimg conditions of the
simulated annealing. The efficiency of our approach is destnated by the example of
the Engrailed homeodomain (PDB code 1ENH), a small thréi@-peotein containing the
helix-turn-helix motive that is involved in the DNA bindifg

2 Methods

It has been observed that during the simulated annealirigeademperature lowers down,
the collapse of the chain occurs first, and only then the siangrstructure forms. But in

the collapsed conformation the Monte Carlo moves are asdlgiéss efficient. To address
this problem, we used the modified energy

E = XEgasa + Egs + ...,

where) is an arbitrary parameter in the ran@e< A < 1. Consider the (artificial) phase
diagram in the coordinatesand the temperaturg as shown in Fig. 1. (By the “phase”
we imply the most probable state of the system.) The “tripi@iht is characterized by the
most extensive fluctuations of the structure in terms ofites and energy. The main idea
of this work is to use it as the starting point for the anneagfirocess. (The unrealistic high
temperature is due to the stabilizing effect of the biasedang First, the system is kept
at the fixed\ and7 for a period of approximately one relaxation timend then, for the
same time period, it is moved along the arrow in Fig. 1.

The triangle and circle points in Fig. 1 were obtained withimowledge of the native
structure as illustrated in Fig. 2.
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Figure 2. The mean energiés;g and Esasa (for the quasi-stable states reached by the Monte Carlaepsoc
starting from an extended conformation) as functions oftémeperaturel” for various . The boundary of the
helical phase corresponds to the middle valu&gfz at A = 0. The boundary of the globular phase corresponds
to the middle value ofésasa at each particulah.

Figure 3. Comparison between the simulated (dark gray) apergnental (light gray) structures. The backbone
RMSD is 2.8A.

3 Results and Conclusions

The comparison between the simulated and experimentaitstas is shown in Fig. 3.
When the “triple” point of the phase diagram is known, theveegtructure of the Engrailed
homeodomain can be found in 2 months CPU time. Using the @@ofrannealing path
increases the efficiency of the evolutionary algorithm byeder of magnitude.
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