Using 3D Animation Software for the analysis of protein motion
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INTRODUCTION

METHODS

The description of biological processes at the cellular
and molecular level has reached a scale of
unprecedented details in terms of participating objects
(proteins, nucleic acids and cellular organelles) and the
biochemical principles that govern them.
The last few years have also seen impressive advances
in the development of computer graphics and visual
effects software, such as Blender.
Using Blender, an Open Source 3D animation software
(see image), it is possible to visually represent
molecular events in a meaningful way, modelling
proteins according to the experimentally determined
atomic coordinates, and
moving them considering
chemical and physical principles. We are building a tool
that makes possible for scientists to observe directly the
kinetics and conformational changes of the proteins
object of their study.
Using Calmodulin (pdb file 1CFC, which contains 25
NMR conformations without Calcium and without bound
receptor) we performed an analysis via Blender and
elaborated a visual representation of its chemical and
physical surface properties.

A procedure was established to import and
analyze conformational transitions between
models obtained from NMR studies.
An initial series of automatic steps is followed by
manual operations (See fig. at right).
The automatic cycle (Diagram 1) allows us to
explore the conformational space, and to find a
possible path linking experimental models. With
the following manual procedure (Diagram 2),
geometrical distortions of the intermediates
calculated by Blender are fixed, and the path of
conformational transitions is optimized.
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For visualization, the electrostatic potential (EP)
and lipophilic potential (MLP) are calculated as
shown in the lower diagram.
EP is represented as incoming and outgoing
sparks (particles of Blender) for negative and
positive values, respectively. This representation
is very suggestive when seen as animation of a
moving protein.
In still images (as we report below) moving
sparks are represented with colours: yellow for
the incoming-negative and green for outgoingpositive charges.
The MLP represents the spatial distribution of
the ability to form hydrophobic interactions in
molecular surroundings. MLP is calculated using
Testa's formula and it is rendered in a visual way
as different levels of roughness and emitting
light from the surface (the most hydrophilic parts
are dark and very rough while the less
hydrophilic parts are white and smooth).
Calmodulin, a very hydrophilic protein, is seen
as generally rough, dark object.
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RESULTS
Analysis of RMSD between all models in file 1CFC revealed that the two most distant are 7 and 21, which were therefore chosen as first and last
positions in Blender. From the first round of interpolation by Blender Game Engine we exported 20 pseudoPDB files which were compared to all
other models in 1CFC (Panel A). Only Model 19 had an RMSD lower than 2.0 A with one of Blender intermediates. In the subsequent round this
model was inserted as keyframe and the procedure was repeated, each time introducing the models with RMSD values below 2 (Panels B-G).
The final sequence includes 12 models, and also defines the transition conformations as a new set of models previously undescribed.
To check the plausibility of the newly found conformations, we performed a geometrical analysis and energy evaluation using SwissPDB viewer,
which implements GROMOS force field. Geometrical adjustment introduced very minor corrections (RMSD <0.22), while energy evaluation
revealed some peaks. These are corrected manually and the procedure is repeated until a final acceptable sequence is achieved.
We report below images of Calmodulin 1cfc models number 7,19,10,15,21. Rendering in a visual way the surface characteristics of moving
proteins allows an immediate perception of its molecular features behavior.
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CONCLUSIONS
The instruments of 3D animation and
graphic effects can be used as a
productive research tool for protein
motion, and as an instrument to aid
visualization and exploration of the
phenomena governing the inner life of
cells.
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