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Experiments of Nuclear Magnetic Resonance (NMR) spectroscopy are able to provide information
from which some distances between pairs of atoms of a molecule can be estimated. These distances,
together with some geometric constraints that the molecule must satisfy, can be used for finding the
coordinates of all its atoms, i.e. its three-dimensional conformation. This problem is known in the
literature as the Molecular Distance Geometry Problem (MDGP), which is NP-hard.

The MDGP is usually formulated as a global continuous optimization problem, where the conside-
red potential energy only encodes geometric structure information, and possible artifacts introduced
by using molecular force fields are avoided. As a consequence, the objective function is usually the
combination of a given number of penalty terms, where each of them provides a measure of how
much a certain geometric constraint is violated. The minimization of all such violations can bring to
the identification of the three-dimensional conformation of the molecule.

Many methods have been proposed for the solution of this optimization problem. As an example,
the package Xplor-NIH [8] has been particularly designed for solving MDGPs arising from NMR
experiments. It makes use of heuristic methods (such as Simulated Annealing) and local search
methods (such as Conjugate Gradient Minimization) for finding possible solutions to the optimization
problem. Other methods have been also proposed, which are based on more complex techniques, but
they have been tested on theoretical instances only. Some recent examples are [1, 2].

The information provided by NMR experiments is usually limited. Only distances shorter than 6Å
are usually found, and the majority of such distances regard hydrogen atoms only. Therefore, the task
of positioning all the atoms of a molecules (which may contain also carbons, nitrogens, oxygens, and
so on) can be very difficult. Nowadays, molecular conformations obtained through NMR experiments
are not precisely identified, but more than one possible model is usually found. In general, from 2
to over 100 models can be presented for the same molecule (the most common number of provided
models is 20). The variability among the different models can be due to the uncertainty in positioning
some or even all the atoms of the molecule. Moreover, a recent deep study on models obtained by
NMR showed that they are very likely to contain major errors [7].

The aim of our work is to apply a discrete approach for the MDGP in order to find good-quality
solutions of instances related to NMR experiments. To this purpose, we consider the DMDGP [5],
which consists in a subclass of instances of the MDGP for which the problem can be discretized.
After the discretization, the MDGP is formulated as a combinatorial optimization problem, that
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is NP-hard. However, this combinatorial problem can be solved efficiently by an algorithm called
Branch & Prune (BP) [6], which is able to find better-quality solutions with respect to the ones
provided by methods based on a continuous formulation.

The main problem to be solved is to build instances of the MDGP which are related to NMR data
that satisfy the assumptions of the DMDGP. This is not trivial, because of the limited information
available from NMR experiments. We propose the following strategy for finding the three-dimensional
conformation of molecules from NMR data.

Since the majority of the distances obtained through NMR are distances between pairs of hydro-
gens, we firstly focus our attention on the problem of finding the coordinates of all the hydrogen
atoms forming a given molecule, where only data from NMR experiments are considered. A suitable
ordering (if it exists) can be searched for the hydrogens of the molecules, in order to have the as-
sumptions of the DMDGP satisfied, so that we can apply the BP algorithm for the identification
of their coordinates. In [3], a particular ordering has been presented that allows the combinatorial
reformulation for instances related to the hydrogen atoms of protein backbones.

Moreover, in [4], it has been shown that all the atoms of a protein backbone can be reconstructed
by using the coordinates of the hydrogens (found by the BP algorithm) and information on bond
lengths and angles. In order to compute all the coordinates of these atoms, only a sequence of small
linear systems needs to be solved.

We are currently working for generalizing this strategy to entire protein conformations and to
molecules in general. The main difficulty is that NMR data can be affected by noise and the measu-
rements may contain some errors. However, we believe this discrete approach to the problem could
be able to provide three-dimensional conformations of molecules which are more accurate than the
models that are currently available. We plan to reach this aim in future works.
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