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Nucleic acids coarse-grained modeling

The study of non-coding RNA has been a very active area of research in recent years, as new functions of
RNAs were reported. In order to perform their correct biological activities, RNA molecules must adopt
one or more specific three-dimensional structures, and the equilibrium between the various possible
configurations is regulated mainly by thermal fluctuations, pH, ionic conditions, and the presence of
ligands. Despite advances in experimental methods, many questions remain open concerning the structure,
the dynamics and thermodynamics of these molecules. As a first step, understanding how non-coding
RNA works implies being able to determine its tertiary structure and understanding how the molecule
adapts to the changes of the environment. Computer studies can complement the experimental
information, but they are limited by the size of the systems and by the time-scales characteristic of the
processes. In recent years, new coarse-grained models allow to simulate these molecules.

Among them we have developed HIRE-RNA/DNA to study RNA folding and DNA assembly. With this
model we have been able predict folding of RNA molecules of complex architectures up to sizes of 50
nucleotides from sequence only, and of structures of larger systems when coupled to limited or low-
resolution experimental data. The unique feature of the model is to account for a large set of non-
canonical and multiple base pairs (triplets and quadruplets), allowing to study systems as complex as G-
quadruplexes.

According to the applicant’s interests and background the internship can focus on one of the three
following axes:

1. Introducing explicit ions in the coarse-grained model HIRE-RNA

RNA molecules are highly charged and the presence of ions is a crucial element in the folding process and
to stabilize the overall architecture. Our RNA coarse-grained model implicitly takes into account the
presence of ions at large distances through a screened electrostatic potential, but does not account
explicitly for structural ions. To move toward a more realistic description of RNA molecules, we need to
develop an RNA model including a finer description of electrostatic interactions.

The aim of this internship is to set the ground for introducing explicit ions in our coarse-grained model to
go toward a model that can describe DNA condensation, structural ions of RNA folds, and eventually the
response of the system to changes in pH. The work will be composed of two phases: definition and
parameterization of a force field for ions only (in the framework of HiRE-RNA) reproducing well known
properties of ionic solutions, benchmarking of folding of small RNA molecules and DNA double helical
assembly with explicit ions. This work will be done also in collaboration with Pr. Fernando Barroso da



Silva at University of Sao Paolo, providing expertise on simulations of ionic systems and of proteins and
RNA responses to pH variations.

2. Integrating HIRE-RNA with the coarse-grained protein model OPEP.

The coarse-grained OPEP force field for protein is the “twin” model of HIRE-RNA. It has proven very
successful in predicting correct structures for amyloid and non-amyloid. Both force fields are coupled to
molecular dynamics, simulated tempering, and Monte Carlo simulations. Up to now the two models have
been developed independently from one another, allowing to perform simulations either on proteins alone,
or on nucleic acids alone, but not of the two systems together.

For RNA, we have also recently developed UnityMol+HiRE-RNA, a program based on a game engine, to
interactively fold RNA molecules (http://www .baaden.ibpc.fr/umol/ ; https://hirerna.galaxy.ibpc.ft/).

In this internship we propose to take the first steps in the direction of a unified force-field for
proteins/nucleic acids complexes developing a simple interface accounting for occupied volume,
electrostatics and Van der Waals interactions. This first implementation will be imported into
UnityMol+HiRE-RNA to allow for interactive simulations including both nucleic acids and proteins. This
work will be done in collaboration with Pr. Philippe Derreumaux, principal developer of OPEP, and Dr.
Marc Baaden, principal developer of UnityMol, both at Laboratoire de Biochimie Théorique in Paris.

3. Application of HIRE-RNA to the study of triple helices

Nucleic bases can form pairs other than the canonical G-C and A-T or A-U pairs. Following the
description introduced by E. Westhof, bases can form pairs on each of their three sides: Watson-Crick,
Hoogsteen and Sugar. These non-canonical and multiple pairings are crucial in the formation of single
stranded RNA structures and of multiple strand structures for DNA or DNA/RNA mixed systems.

Double stranded DNA in the B-form helix can form triple helices with the insertion of an additional DNA
or RNA strand in its major groove through Hoogsteen pairs. These structures play important roles in vivo
and are inherently prones to mutations and recombination, making the triple helix a possible interesting
pharmacological target. HIRE-RNA is at present the only coarse-grained RNA model including a
description for triplets and quadruplets, and it is therefore in a unique position to study the properties of
nucleic acids triple helices.

In this internship we propose to determine a proper parametrization of the coarse-grained model to study
the DNA triple helix and to investigate the dynamical and thermodynamical properties of its formation as
well as the role of specific sequences. The work will be done also in collaboration with Pr. Alessandra
Villa at Karoninska Institut in Stockholm, studying these same systems in silico at atomistic resolution.

The work will be supervised by Pr. Samuela Pasquali at the Laboratoire de Cristallographie et RMN
Biologiques (LCRB), UMR 8015 CNRS, Université Paris Descartes.

The project will benefit from the environment at LCRB, where different biophysical techniques are used
to study biomolecules and that will provide benchmark systems for modeling, and of the strong
collaboration with the Laboratoire de Biochimie Theorique (UMR 9080 CNRS).

We are looking for a candidate holding an undergraduate degree in chemistry, physics, or bioinformatics,
with good programming skills, and good analytical understanding of force fields.

If interested, please send your CV including a copy of your undergraduate records to Samuela Pasquali:
samuela.pasquali@parisdescartes.fr
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