
A New Tool for Biomolecular Interaction and Manipulation 
Abstract 

Currently, the United States is facing a paucity of higher-education 
graduates in STEM fields. Only 6% of high school graduates report 
interest in STEM degrees (White House), and America is ranked 27 out 
of 29 developed countries for the rate of STEM degrees awarded to 
undergraduate students (Rising Above the Gathering Storm).  In 
addition, science and engineering report the lowest retention rates for 
undergraduate programs in academics. It has been noted that the current 
approaches towards STEM education may turn away and even estrange 
students from pursuing STEM careers. Rote memorization systems are 
increasingly being removed from school programs, and analysis skills 
are being emphasized to a greater degree; however, this has not been 
enough.  
I propose that a hand-on approach to STEM education, specifically in 
biology and chemistry, with haptic force-feedback, could prove 
valuable to educators, not only because of its demonstrative and 
engaging value, but also because of this system’s accuracy.  The system 
allows students to visualize biomolecules and interact with them in real-
time with calculated forces through bioinformatics.   This system is able 
to exploit resources used in research such as the RCSB PDB library and 
the University of Illinois’ molecular dynamics software to build a robust 
educational platform that could be implemented in many high schools 
and universities around the nation.  In addition, this program can be 
used for basic research on bimolecular forces, such as domain-domain 
interactions in proteins and atomic forces in many macromolecules.  

Problem/Goal 
To design a system whereby users could interact kinesthetically with 
biomolecules.  These interactions would be with useful simulations, 
such that a major biomolecular or chemical concept is understood.  The 
interactions should also be with both rudimentary (basic structures), and 
more complex and cutting edge (larger molecules and novel molecules). 
The system should allow us to accurately visualize and interact with 
molecules as they exist in nature.  

Hypothesized Solution 
A system using the haptic controller, Novint Falcon, would be most 
useful for a hands on approach.  To visualize basic forces on 
rudimentary molecules, a single amino acid would be most logical.  
Lastly, for larger structures, ubiquitin in a water solution would be 
useful to illustrate hydrophobicity.  Using novel molecules such as a 
recently designed Furin intramolecular chaperone would also be useful 
to demonstrate applications of this system to research.  

 Background Research 
At the outset of this project, I needed to determine the beset suited 
program for this type of system.  I compared Visual Molecular 
Dynamics, Yasara, PyMOL, jMOL, and other programs.  The major 
factor was visualization vs. interaction. Many of these programs had 
more robust visualization capabilities than the ultimate choice, VMD.  
For example, PyMOL had 3D rendering capabilities far superior to its 
competitors.  However, a discriminating factor was the importance of 
being able to interact with the system.  VMD and Yasara were the two 
options that contained this capability.  Yasara was a decent system, but 
due to its cost, I decided that VMD would be more effective considering 
the overarching goal to make this a prevalent program in the US 
educational system.  VMD is an open-source program that allows 
interaction through calculated force values and input files that the user 
inputs.  This includes building custom PDB files (such as single amino 
acids), or building new PSF files (structural files required for design).   
CHARMM files, which outline typical biomolecular forces in terms of 
piconewtons, were readily available.  
 
 
 
 

Methods 
During my research, I designed four different simulations through VMD, the 
program chosen for the project.  I designed a simulation for alanine and a 
simulation for cysteine first.  I used published structure reports on these 
amino acids to code .pdb (Protein Database) files. Then, I computed .psf 
(Protein Structure) files through psfgen, a VMD script.  The .psf and .pdb 
files were entered into a script called AutoIMD, which allowed me to decide 
the area of the simulation and the temperature of the simulation. I went 
through a similar process when designing my other simulations.  I built pdb 
and psf files for Ubiquitin and Furin. I used the solvate utility of VMD to 
immerse ubiquitin in a water box.  In the end, I simulated these through the 
AutoIMD script as well. Lastly, I conducted a survey (see below). 
 
 

Discussion 
Out of the sample of 24 students surveyed, and based on the 
student responses, the system is moving in the right direction.  
79% of the sampled students supported the system in 
supplement to their current classes.  In addition, the system 
solves the problem:  I am able to model multiple types of 
proteins and amino acids.  I am also able to send feedback 
through the system.  The haptic controller gives back forces 
that are calculated by the software in conjunction with the 
provided input files.   
 
Most of the people who have used the system mentioned that 
they would have liked to see a higher level of feedback.  
While I have addressed that problem since the survey, I have 
also found that forces cannot be scaled too greatly.  In some 
post-survey trials, I scaled the forces to the the University of 
Illinois default standards, but they have been to high for the 
device I am  using. The device shakes and rattles due to the 
excessive force when this occurs.   Therefore, I have adjusted 
the force to be 1/5th of the standard output.  I also need to 
investigate the force scaling in future simulations.  It may be 
that the scaling for forces is dependent on the simulation.  
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User Feedback and Results 

I surveyed students at Camas High School. I also got feed back from 
Washington State University Vancouver students.  These students, mostly 
taking introductory chemistry courses appreciated the hands-on system.  
Many of the students expressed interest in the system.  One student said 
“providing this alternative teaching system could improve the way we 
[college students] learn.” They all noted that the system could scale up the 
forces better.  One student said that the program would be better if the 
feedback was “stronger.” In addition, they said that they would like to see a 
better visualization system.  Another student said the molecules looked 
“tacky,” as if they were outdated.  
 

I also surveyed students who had used the system and asked them: 
“Using the following scale, rate your preference in using lecture based 
learning vs. using a learning system using this system.”   
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Future Steps 
In the future, I would like to simulate more complex 
biochemical processes.  Currently, I am developing enzyme 
– substrate systems.  I am considering designing a simulation 
of RuBisCo and Carbon Dioxide.  In addition, we would like 
to design a better cellular environment, design a more robust 
simulation design for VMD and simulate biochemical 
pathways.  Because I can already simulate Ubiquitin, I am 
considering developing a ubiquitin-mediated proteasomal 
degradation pathway through VMD.  Lastly, we are 
exploring expanding our trial running throughout high 
schools.  This month we are planning on testing this program 
at a local high school, especially in a local Math, Science, 
Technology magnet program and a newly opened STEM 
magnet school.  This will give us more data and feedback as 
to secondary student’s perception of our system.  

TOP RIGHT: The Novint Falcon, the device used to interact 
with the simulation in real time.   

LEFT: Screenshot of alanine 
simulation, a simulation on a 
single amino acid. (Below) 
Cysteine simulation. 
RIGHT: Screenshot of ubiquitin 
in a water box simulation.  This 
shows the interaction of the 
residues with water and 
hydrophobicity of amino acids. 
 
BOTTOM LEFT: Screenshot of 
Furin simulation.  The novel 
intramolecular chaperone that I 
designed last year is modeled. 
BOTTOM RIGHT: Screen shot 
of Furin’s structure.  My 
research from last year 
designed a new intramolecular 
chaperone that bound to Furin 
to a greater degree than the wild 
type chaperone.  
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Rating Scale 
1 – lecture, strong preference;  
2 – lecture preference;  
3 – no preference;  
4 – system preference; 
5 – system, strong preference.     
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