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Methodology  Methodology  The structures given by CAPRI organizers for target 34 were the bound 
structure of the RNA molecule and the structure of an homologous protein. First, it was necessary 
to model the protein that interacts with the RNA by homology. To do that, we used the MODELLER 
program coupled with a minimization of 6400 steps using CHARMM force field. Then, we used the 
HEX program to dock the protein with the bound RNA. The 14 best results of HEX were each
refined by short MD simulations (0.5 ns) with the CHARMM27 force field in explicit solvent (using 
NAMD software) and also using a few steps of Monte-Carlo (MC) minimization. The 10 best results 
from HEX and the MD and MC refinements were submitted to the CAPRI assessors.

Results Results MD, MC, and HEX all gave good 
results for this target, giving 9, 9, and 6 low RMSD 
docking poses, respectively. MD refinement gave 5 
medium and 4 acceptable results, MC produced 3 
medium and 6 acceptable results, and HEX gave 2 
medium and 4 acceptable poses (according to the
usual CAPRI assessment criteria [5]).

Introduction Introduction 
Molecular Dynamics (MD) simulations are 
important tools for understanding the physical 
basis of the structure and function of 
biological macromolecules [1]. Furthermore, a 
recent MD study on 17 protein complexes 
shows that water molecules play an important 
active role in protein interface [2]. MD 
simulations in explicit solvent are especially 
useful to model induced fit interaction in 
complexes driven by charged interactions [3].
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MC minimization didn’t improve the HEX results 
due to too few steps. MD refinement improved
significantly the HEX results with a gain of ≈ 1 Å

for the ligand RSMD (for solution 8) and ≈ 14 % 

of native contacts (for solution 4). Furthermore, 
only MD-refined solutions have a percentages
of native contact greater than 50 %.

MC, HEX and MD ranking. In bracket CAPRI assessment 
(**: medium; *: acceptable). 

After the MC and MD refinements, we used a simple 
scoring function to re-rank the results by interaction 
energy (VdW + electrostatic). This identified two 
good poses that HEX missed (solutions 13 or 14). 
The 3 best results after MD refinement include the 2 
best predictions from all participating CAPRI teams 
who submitted predictions for this target. It is also 
worth noting that MC and MD refinement can 
remove clashes in the rigid-body HEX solutions.   

We obtained good results for T34 of the 
CAPRI experiment. It is possible to explain 
such results by several reasons:

• One partner (the RNA molecule) was in a 
bound form.

• We used the CHARMM27 force field which is  
well adapted to model protein-nucleic acid 
complex [6].

• We modeled water molecules explicitly which 
can improve complementarities, bridge or shield 
charged interactions. 

We wondered if MD simulations in explicit 
solvent can improve rigid body docking 
results. We were particularly interested by 
complex driven by charged interactions. To 
test our idea we performed a MD simulation 
on the 1MLC complex: an antibody-antigen 
complex. The central features of this complex 
are salt bridges [4].

The best result obtained with HEX gave a 
ligand RMSD of 3.7 Å.  We performed a MD 
simulation in explicit solvent of 1.5 ns (with 
the CHARMM27 force field). The ligand 
RMSD decreased very quickly to reach 1.3 Å
(see below) after 25 ps of simulation and 
during the first almost 500 ps (equilibration 
step) the ligand RMSD was under  3.7 Å.

These results were interesting and we wished
to try MD refinement on a case without a 

priori knowledge of the solution. To do that 
we used our protocol on target 34 in the 
CAPRI experiment, which is a protein-RNA 
complex. This type of complex is known to 
form many charged interactions and so is well 
suited for our test. 


