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Our long term objective is to decipher the behaviour of living organisms
by means of theoretical models, whose roots are anchored in the basic
principles of physics and chemistry. For this purpose, we work with a range of
methodologies, from the mining of biological databases to classical dynamics
and quantum chemistry calculations. The use of such diverse approaches allows us to explore
problems as diverse as drug design and genome analysis. Special emphasis is given to connecting
basic interactions with the global properties of biological systems. During this period, our work has
focused on three major areas: i) the study of small model systems; ii) the analysis of stressed or
unusual nucleic acids; and iii) the dynamics of proteins.

Small model systems

Figure 1. Detail of solvent migration in a a,g-peptide
nanotube.

The study of simple systems can provide clues to enhance our
understanding of the behaviour of much more complex biological molecules. In this area of work our effort has been traditionally focused on the development of methods for the treatment of solvation and the analysis of supramolecular systems
of biological impact. During 2009, we have advanced in the
refinement of our MST method for the representation of solvent (Klamtz et al, 2009), which in recent blind tests (Soteras
et al, 2009) was found to be superior to most self-consistent
reaction field approaches, providing not only good estimates of
solvation free energies, but also enthalpies (Bidon-Chanal et al,
2009). Applying this and other methods, we have studied several supramolecular systems of biological/technological impact.
Special mention is given to our work on α,γ-peptide nanotubes
(Garcia-Fandiño et al, 2009; Figure 1), in which we characterise
the structure, dynamics and transport properties of these molecules, which have been proposed as potential carriers of small
molecules across membranes.

Analysis of stressed or unusual nucleic acids

Figure 2. Derivation of mesoscopic descriptors of DNA
flexibility and validation by cyclation experiments at EBL.
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Major breakthroughs in the field of nucleic acid simulations
emerged from work performed by our group in 2007 related to
the development of the PARMBSC0 force-field. This formalism
has become the default force-field for nucleic acid simulations
and was selected by the Ascona B-DNA consortium to simulate
the sequence-dependent geometrical and dynamic properties
of DNA (Lavery et al, 2009; reviewed in Laughton & Orozco,
2009). Using this force-field, we have advanced considerably in
the characterisation of the elastic properties of DNA and their
dependence on environmental conditions, external stress or
chemical modifications. In summary, during 2009 we have analysed the impact of ionic atmosphere on DNA (Noy et al, 2009),
the structure of unusual loop-structures in DNA quadruplexes
(Fadrna et al, 2009), the elastic properties of all DNA tetraplexes in physiological conditions (Lavery et al, 2009), and the
changes induced by epigenetic modifications on DNA (Perez et
al, in preparation). Our models are now being validated through

cyclation experiments performed at the Experimental Bioinformatics Laboratory (EBL).
Following this line of work, we are in the process of completing the development of
a new nucleosome predictor, which is currently being validated by next- generation
sequencing and tilling arrays.
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Following a well-established research line in the laboratory, we have explored the
structure of nucleic acids containing modified nucleotides. In particular, alone or in
collaboration with other research groups, we have analysed the impact of introducing
restricted nucleotides in the G-DNA structure of the thrombin aptamer (Saneysoshi et
al, 2009), the impact of thio-thymines (Faustino et al, 2009), seleno derivatives of
thymine (Vázquez-Mayagoitia et al, 2009) and fluoro-arabino compounds (Watts et al,
2009) in duplexes, and the 8-amino purine derivatives in hairpins and triplexes (Aviño et
al, 2009). Finally, of note are our recent efforts in the characterisation of nucleic acid
folding and unfolding pathways (Pérez et al, in press; Portella et al, in preparation),
studies that will crystallise during 2010.

Dynamics of proteins
The creation and data-mining of the MODEL (Molecular Dynamics Extended Library) database has involved a huge amount of work. We have not only completed the database,
but used it to characterise the connection between evolutionary and physical deformation patterns in proteins (Velázquez-Muriel et al, 2009). This general analysis has been
centred on the RAS family (Raimondi et al, 2009), where flexibility was found to be
crucial to explain the relation between flexibility and function. We have also used the
information in MODEL to parametrise a wide variety of coarse-grained methods, which
have greatly facilitated the study of deformability in systems containing thousands of
proteins (Emperador et al, 2009). Recently these different approaches are being implemented in automatic tools for the description of protein flexibility, such as FlexServ
(http://mmb.pcb.ub.es/FlexServ; Figure 4).
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The latest technological breakthrough in the group in this field is related to the development of applications for automatic trajectory generation (MdWeb), an application
for which a beta-version is already available (Figure 5), and the COCO utility for combing NMR and physical description of flexibility (Laughton et al, 2009).
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Significant work has been done during 2009 on the description of
protein structure and flexibility under extreme conditions, particularly on gas phase (Meyer et al, 2009). The MD simulations
demonstrated that the gas-phase ensemble of conformations is
not far from the solution conformation, and, in fact, we demonstrated that collision cross-sections determined for gas-phase
ensembles contribute to refining structural models derived from
threading, ab initio or homology modelling (D’Abramo et al,
2009). The study opens up the possibility to use gas-phase structural information derived from X-free electron laser microscopy
to obtain the protein structure in solution.

Figure 3. Prediction and experimental validation by tilling array of
nucleosome positioning in S. cerevisae genome.
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