
Supplementary material 

Skeletal Animation for Visualizing Dynamic Shapes of Macromolecules 

 

1 Building a hypothesis for hydrolysis of -amylase using 

Blender animation script 

This use case of Blender, a general-purpose 3D CG animation software for the 

molecular models tries to illustrate how the animation is constructed by describing 

motions of molecules. There are many technical details that would be well 

understood by inspecting the script file itself. Based on crystallographic studies 

revealed atomic structure model of amylases, we tried to build a working view of the 

enzyme reaction of amylase depolymerizing amylose chains into maltose molecules. 

This very fast phenomena of the reaction occurring is difficult for experimental 

capture of the structural dynamics, a hypothetical animation would be a tool for 

understanding physical events that has been examined by experimental probes and 

introduce further discussions on the chemical reactions. 

 This is an example of animation script with our choice of functions and 

methods of Blender to gain practical benefit in working on the macromolecular 

modelling. On importing polygon models, the object size 10 nm is scaled to 1.0 

blender unit. A ribbon model for the barley alpha-amylase (pdb entry 1AMY) was 

made on UCSF Chimera exported as polygon mesh data in STL format. The motion 

of this protein was introduced by a motion capture file as described in the main text. 

Unlike other amylase from different spices, the bound sugar molecule is not available 

in the PDB database. In this tentative model, sequence of maltose molecules are 



introduced to go into the active site of the enzyme that is described in the PDB data. 

For the approaching sugar chain toward the active site, a tentative curve object of 

NURB (Non-uniform Rational B-Spline) path was introduced as a rail where an 

amylose polymer follows shown as a thick yellow line. After amylose entered the 

catalytic site of the amylase, maltose dimer molecules will disperse into various 

directions, that is assigned by hand works. To do this, a Blender function “Curve 

Modifier” was used. With this modifier, the amylose chains are first placed along the 

x-axis of the model depicted as a red line and straight motion is set by the key-frame 

animation as described beneath the molecule. Each maltose molecule has a bone 

that is connected along x-axis. Then the polymer will be moved by means of bone 

movements along the specified curve on the Blender. The movement of bones are 

basically along x-axis by the key-frame specifying location and rotations. To describe 

bearing off the polymer chains, bones spread away from x-axis. All motions assigned 

to the molecules can be edited in the “Dope Sheet” window of the Blender by 

repositioning the time of these key frames on the timeline. In addition, the “Graph 

Editor” window showing actual changes of translation and rotation applied to the 

objects allow us to modify smoothness and speed control of the animation details. 
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Figure: A screenshot of Blende for a hydrolysis model of  -amylase. 


