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Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE: BINF470/PHYS370 Molecular Biophysics
Course Prerequisites: PHYS307 or CHEM331 and CHEM332 or permission of instructor
Catalog Description: (3:3:0) The course offers a broad introduction into molecular biophysics. The course demonstrates that the application of methods of physics provides a unique opportunity to tackle complex biological problems. The course is mainly designed for the students majoring in physics or chemistry, but it is also useful for the biology majors interested in bioinformatics and computational biology. 
2. COURSE JUSTIFICATION: Physics plays a pivotal role in solving biological problems. To a large extend, biophysics determined the recent progress in understanding biomolecular structure and function. Therefore, it is important to provide students with a broad perspective on biophysics, including its scope, methodology, and limitations.  This knowledge will prepare students for work in industry or academia and equip them with the necessary skills for graduate education and other advanced courses. 
Course Objectives: This course introduces students to molecular biophysics. Its main objective is to illustrate the use of physics in solving complex biological problems. The course explores various biomolecular interactions and shows that their combination produces a complex array of biomolecular structures. Protein folding, aggregation, biomolecular machines are discussed from the perspective of physics. The fundamental role of molecular membranes in biology is investigated in detail. The propagation of nerve signals and phenomenon of memory are also explored. The use of computational and experimental approaches in biophysics is emphasized. The course strives to address biophysical problems on a rigorous mathematical level; therefore, a good command of calculus and differential equations is expected.
Course Necessity: For successful careers in industry or academia students must learn interdisciplinary approaches and biophysics represents an interface of physics, chemistry, and biology. Currently, George Mason University does not offer undergraduate course in biophysics and current proposal is designed to close this gap. 
Course Relationship to Existing Programs: The course will be taken by the students majoring in physics, chemistry, or biology with minor in bioinformatics. 
Course Relationship to Existing Courses: Currently, there are no undergraduate courses in biophysics at GMU. There is a minor (20%) overlap in topics with CHEM 333/334 “Physical Chemistry for the Life Sciences I and II”. However, CHEM 333/334 is designed for biochemistry students and presents the material from the perspective of chemistry and health sciences with minimal mathematical rigor. 
3. APPROVAL HISTORY: None
4. SCHEDULING AND PROPOSED INSTRUCTORS:
Semester of Initial Offering: Spring 2009
Proposed Instructors: Dmitri Klimov
5. TENTATIVE SYLLABUS: See attached.

PHYS 370/BINF470: Molecular Biophysics

Prerequisites: PHYS307 or CHEM331 and CHEM332 or permission of instructor
Credits: (3:3:0)
Instructor: Dmitri Klimov
Office Hours: TBA

Course objective: This undergraduate course offers a broad introduction into the field of molecular biophysics. The course demonstrates that the application of physics provides a unique opportunity to tackle complex biological problems. The course is mainly designed for the students majoring in physics or chemistry. It is also useful for the biology majors interested in bioinformatics and computational biology. 

Course description: The course consists of three parts. The first reviews the fundamental concepts of thermodynamics and statistical mechanics commonly used in biophysics. The second part explores various biomolecular interactions and shows that their combination produces a complex array of biomolecular structures including DNA, RNA, and proteins. The fundamental role of molecular membranes in biology is investigated. The propagation of nerve signals is described and the basic ideas explaining memory are also introduced. The course explores bioenergetics, including the process of photosynthesis and ATP production. The third part focuses on modern biophysical problems. Protein folding and aggregation are discussed from the perspective of physics. The physics of biomolecular machines designed to clean cellular environment from misfolded proteins is explored. The use of computational and experimental approaches in biophysics is illustrated. The course strives to address biophysical problems on a rigorous mathematical level, therefore a good command of calculus and differential equations is expected.

Grading policy: The students will be graded on the basis of homework, midterm and final exams, and class participation. 

Homework - 20% 

Class participation - 20%
Midterm Exam - 30% 
Final Exam - 30% 

Academic Honesty Policy: Academic dishonesty will not be tolerated. This includes cheating, plagiarism, and falsification of academic data. 

Textbooks and materials:

1. Rodney Cotterill “Biophysics: An introduction”, 2002 (required textbook)

2. Roland Glaser “Biophysics”, 2004 (required textbook)

3. Online lecture notes posted on the course website at www.binf.gmu.edu/dklimov

4. Educational resources section of Biophysical Society (www.biophysics.org/education/resources.htm).  

Homework will be given after each lecture and will include readings from the literature and textbooks as well as exercises. Homework will be due in two weeks and will be discussed in the class after due date. Late homework will not be accepted. There will be a midterm exam and at the end of the semester there will be a final exam. The students will be required to prepare and give a presentation by the end of the semester. 
The tentative schedule of the course is attached. 

BINF470/PHYS 370 Molecular biophysics: Course schedule
Lectures 1 

Review: Thermodynamics and statistical mechanics. 
Lecture 2

Review: The state of equilibrium. Physical kinetics. 

Lecture 3
Biomolecular interactions and forces. Solvation and hydrophobic effect.
Lecture 4
Biomolecular structure: DNA, RNA, polypeptides. Computer simulations of biomolecules.
Lecture 5
Molecular biomembranes
Lecture 6
Propagation of nerve signals
Lecture 7

Midterm exam

Lecture 8
Molecular aspects of memory
Lecture 9
Biological energy: Energy consumption, photosynthesis, ATP. 

Lecture 10
Physics of protein folding
Lecture 11
Molecular chaperones and protein aggregation

Lecture 12
Single molecule experiments: New tool for studying structural transitions in biomolecules.
Lecture 13
Physics of molecular crowding: The impact of cellular environment on biomolecular structure. 
Lecture 14
Student presentations
Notes: 
1. Each lecture is a 2 ½ hour presentation. 

2. Final exam is take-home. 









