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EXECUTIVE SUMMARY  [NON-CONFIDENTIAL, NON-TECHNICAL ABSTRACT FOR PUBLIC INFORMATION OR 
PROGRAM PROMOTION]:  State the application’s broad, long-term objectives and specific aims, making reference to the 
potential public benefits of the project relevant to California.  Do not include proprietary or confidential information.  This may 
be distributed before the funding decision has been finalized. 
 
Biotechnology encompasses several fields such as the pharmaceutical, biopharmaceutical, medical devices and 
agricultural industries. The biotechnology industry is an important element of California’s economy, where 40-50% 
of the nation’s total biotechnology is found in California. To maintain a dominant role in biotechnology, California 
must provide a skilled workforce for this industry. The workforce problem is exasperated by competition from 
other states and a 10-year low in undergraduate enrollment in natural sciences, computer sciences and engineering.  
 
Computational methods have gained an important place in biotechnology and continue to grow at a rapid pace. 
This project addresses the need for a skilled workforce in the computation domain of biotechnology. The project 
brings state-of-the-art computer software into the chemistry department computer laboratory. Student projects in 
the computational chemistry course will be designed around this new software. The object of this course is to 
provide a basic understanding of the methodology of molecular modeling and the use of professional-level software 
for this purpose. This should provide students with a lasting education in a rapidly growing field.  
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PROJECT DESCRIPTION 
(Limit 2 Pages) 

 
This proposal requests funds to develop a course in molecular modeling. Prof. Richardson taught the course for the 
first time in the fall 2001 semester and reflecting on that experience, further development of the course is needed. 
Enhancement of the course centers on the use of professional quality software by the students.  
 
Molecular modeling is taught in an upper division undergraduate course (Computational Chemistry 515). The course 
is designed in part to address the needs of the biotechnology community, where a large number of our chemistry 
graduates find employment. A basic understanding of the fundamentals of molecular modeling is sought for the 
students, with the idea that a solid grounding will provide lasting tools in a rapidly changing field. The course starts 
with a review of thermodynamics that are related to problems in molecular modeling. Since the energetics and 
reactions of molecules are expressed in terms of thermodynamics, this was found to be a good starting point. This is 
particular useful to biology students who may not have a strong background in thermodynamics. After this 
introduction, we proceed on to calculations that employ molecular mechanics (MM), molecular dynamics (MD), 
Monte Carlo (MC) methods and quantum mechanics (QM). Many calculations involving Biomolecules use MM, 
MD and MC methods. As computer hardware has advanced, quantum mechanical calculations are finding their way 
into predicting properties of Biomolecules by calculating selected portions of the molecules. It is felt that a solid 
background in MM, MD, MC methods and QM is necessary for students who plan to enter the biotechnology 
industry where computational methods are used. This is now an important area in biotechnology, since the computer 
is rapidly replacing random searching for drugs and other useful biologics.  
 
The course is organized into lectures and computer laboratory projects. The projects follow the order of topics in the 
lectures and begin with MM, MD and Monte Carlo calculations, which are based on Newtonian mechanics and are 
conceptually the easiest to understand. Projects involving QM calculations are performed next by the students. 
Organic molecules are typically selected for these calculations where some principle is elucidated, such 
conformational preference. When possible, molecules of biological relevance are selected. Toward the end of the 
semester, Biomolecules from the Protein Data Bank are selected for study. Egg white lysozyme was selected when 
the course was taught in fall 2002. It was pointed out that this enzyme kills bacteria by cleaving the polysaccharide 
portion of the cell wall, which is composed of two sugars N-acetylglucosamine (NAG) and N-acetylmuramate 
(NAM). The interactions of an inhibitor of Egg white lysozyme, NAG3, in the active site were studied. Swiss Viewer 
was used for this purpose. MM, MD and MC calculations are carried out with PCModel (Serena Software, Inc.). 
This is a full-featured program that employs a graphical interface to display molecules and perform the calculations. 


