The Discretizable Molecular Distance Geometry Problem :
from Ideal to Real Instances
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The Molecular Distance Geometry Problem (MDGP) is the probof finding the conformation
of a molecule (i.e. the coordinates in the three-dimensispace of all its atoms) by using known
relative distances between pairs of its atoms. The infdonaggarding the relative distances can be
obtained by experimental techniques such as Nuclear MizgResonance (NMR) spectroscopy. The
following steps are usually performed in order to solve an®#D: (i) perform NMR experiments;;
(i) create an instance of the MDGP by exploiting the resultsiobtithrough the NMR experiments;;
(iii) solve the instance by employing a suitable method. Many austlnd algorithms for the solution
of MDGPs have been proposed, and the majority of them aredl@sa continuous formulation of
the problem [6].

In the last five years, we have been working on a combinatogi@rmulation for the MDGP,
to which we refer as Discretizable MDGP (DMDGP) [1]. When soparticular assumptions are
satisfied, which are strongly based on the ordering giveh@éatoms of the molecule, we are able
to reduce the search domain (where the possible confomsaftto the molecule can be found) to a
binary tree. Even though the MDGP and the DMDGP are both NB{44, the discretization allows
us to employ a Branch & Prune (BP) algorithm, that is very &fitin finding the solution (and, in
general, the complete set of solutions) to a DMDGP [5]. Disés contained into an instance of the
DMDGP can be divided in two subsets : a subset containindpaltiistances that are necessary for
the discretization, which are used for constructing theyitiree, and the other one containing other
distances which can be exploited for pruning away infeadilbhnches of the tree. The basic pruning
test in the BP algorithm, to which we refer as Direct DistaReasibility (DDF), verifies if known
and computed distances match.

First computational experiments afealinstances showed the efficiency and reliability of the BP
algorithm [1, 2, 5]. However, such instances wateal in the sense that they had some properties
which allowed us to discretize the MDGP quite easily. Fomepke, we were supposing that all the
available distances between pairs of atoms were exact.ddergve were not making any distinction
among the different kinds of atoms that can compose a maetigeneral, only noisy distances
between pairs of hydrogen atoms can instead be found thidivfh experiments.

The step fromdealinstances toeal instances (that actually contain data from NMR) has not been
trivial. The discretization process is based on the comjmutaf the intersection of three spheres in
the three-dimensional space. If the distances are refszsby intervals, the three spheres become
three spherical shells, whose intersection is a geomktigact whose shape is, to the best of our
knowledge, unknown. Moreover, since distances betweeroggas are mainly provided by NMR,
many distances needed for the discretization may not béablabecause regarding pairs of atoms
which are not hydrogens.



Starting from the ideal instances, we began to considearigsts closer and closer to the real
ones. In [7], for example, we managed for the first time irdédata, but information on all kinds of
atoms were available in our instances. In [4], we considarsiiinces where only hydrogen atoms
are included, and we divided the MDGP in two subproblems otteof finding the coordinates of all
the hydrogen atoms (reformulated as a DMDGP), and the onadihfj the coordinates of the other
atoms, that can be solved in polynomial time. In this studyyéwver, all distances were supposed to
be exact.

Recently, we have been able to make the last step and getlesgyto real instances [3]. We found
a hand-craft ordering for the atoms of thmtein backbonew/hich allows to perform the discreti-
zation when only distances between hydrogens are avaiedolevhen they are all represented by
intervals. Known bond lengths and bond angles for the atdntiseoprotein can be used for deri-
ving a subset of distances and intervals that can be exgldteperforming the discretization. Our
hand-craft ordering is designed in such a way that only tlikstances and intervals are used for
the discretization of the problem. Moreover, only one ivémper time is involved, and therefore
the discretization process consists in the intersectiamofspheres with one spherical shell. This
intersection defines a curve in the three-dimensional spauase shape is unknown. Therefore, we
rather discretize the involved interval and take some samiigkances from it, in order to reduce our
problem to several (depending on the number of sample dismtersections among spheres. Dis-
tances between hydrogens obtained by NMR are only useddoirmy purposes : the DDF pruning
test can be trivially adapted to interval data.

Instances of this kind are very similar to instances of thab@m which biologists and chemists
need to solve for finding the conformation of a molecule frodM data. Our preliminary expe-
riments with artificially generated instances are very psimg [3]. Next step is to use real data
obtained by NMR experiments and try to reproduce the cordtion of well-known molecules by
using our discrete approach. Moreover, since the BP algoris potentially able to find all possible
solutions to the problem (differently from algorithms base continuous approaches and/or heu-
ristics), we might be able to identify some possible confations for these molecules that were not
previously detected.
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