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1 Introduction

Biomolecule conformational changes play important roles in biological functions and are an
integral part of various important structural problems addressed in computational biology
such as ligand binding and (mis)folding of proteins and nucleic acids. The current structural
biology experimental techniques are not yet as powerful for providing information on dynamic
molecular motion as on static molecular structures; but there has been a large body of work
using computational approaches to study conformational changes. Even with the growth of
computer power and the impressive results generated from computational study, computer
modeling and simulation of biomolecules remain challenging in general, since molecular sys-
tems follow complex physical laws and involve high dimensional conformation spaces. In
this work, we have developed a hybrid Probabilistic Roadmap and Monte Carlo planner for
biomolecule conformation study. The planner has been designed to integrate the strengths
of both probabilistic roadmap and Monte Carlo simulation methods, and its effectiveness
has been demonstrated in our promising preliminary results.

2 Prior Work

Monte Carlo (mc) methods have been successfully applied to statistical physics and chem-
istry where the motion of complex systems of thousands of atoms is studied. Given an initial
conformation of a molecular system, a new conformation is generated through a perturbation
of the initial conformation. If the energy of the new conformation is lower than that of the
initial one, the new conformation is accepted. Otherwise, the new conformation is accepted
with some probability: the higher the new energy, the lower the acceptance rate. Such a
method can be used to generate a trajectory of molecular conformations obeying the Boltz-
mann distribution. While the algorithmic simplicity and theoretical grounding have made
mc appealing to a wide variety of problems, mc methods are quite computationally expen-
sive. For large molecules, random Monte Carlo moves generally result in high rejection rates
and long running time. Furthermore, each simulation run is generally treated independently
from other runs, without using any knowledge generated from prior runs. Regarding the high
rejection rate problem, it has been identified that perturbing one or few atoms at each step
generally leads to a low percentage of rejections. This type of moves also facilitates efficient
computation of molecular structures and energy[4] since a small number of perturbed atoms
will partition a molecule chain into a small number of subchains, where the perturbation only
causes non-rigid relative motion between the subchains and only the energy terms involving
atoms of different subchains need to be updated. As for reusing prior computation results
to improve the simulation efficiency, we believe that probabilistic roadmap (prm) methods
provide a natural framework.
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prm [2] was originally developed for robot motion planning problems and has been suc-
cessfully adapted to studying computational biology problems[1, 3]. Given a molecular sys-
tem, the general methodology of prm planners is to construct a graph(roadmap) to capture
the properties of the conformation space. Roadmap vertices are randomly sampled confor-
mations with their inclusion in the roadmap determined by some acceptance criteria, and
roadmap edges correspond to transitions between ‘nearby’ vertices found with simple local
planning methods such as the linear interpolation, again with inclusion of edges subject to
some acceptance conditions such as the Metropolis criteria. After generating a roadmap,
numerous trajectories between pairs of conformations can be extracted from the graph. This
is one distinct feature of prms as compared to Monte Carlo simulation, where each successful
simulation run generates one trajectory and many simulation runs simply fail. The success
of prm can be partly attributed to its efficient reuse of nodes and edges in the roadmap.

3 Our Methods

prm planners generally need to sample and connect a large number of conformations in order
to build a roadmap that reflects the properties of the conformation space. Conventionally,
roadmap nodes are generated independently from each other. Such an approach need to
compute the energy of each conformation from scratch and move most, if not all, atoms to
connect each pair of conformations, which contribute to long computation times and low
acceptance rates.

We have recently developed a hybrid Probabilistic Roadmap and Monte Carlo (prm-mc)
planner to combine the favorable properties of prm – capturing the connectivity of confor-
mations and facilitating the reuse of already identified conformations and conformational
changes – with those of mc – efficiently updating molecular conformations and energy after
perturbations of a small number of atoms at each step. First the planner generates a small
number of seed conformations. These seed conformations can be experimentally determined
structures stored in PDB or random conformations generated from some conformation space
sampling schemes. Then the planner uses Monte Carlo simulation to generate and con-
nect conformations originated from the perturbation of the seed conformations. Finally the
planner uses prm type connection strategies to try to find more energetically feasible con-
formational changes that have not been identified in the Monte Carlo step. Our preliminary
simulation results have indicated that the prm-mc planner can efficiently generate roadmaps
useful for the study of molecule conformation space and conformational changes.
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