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Introduction to Molecular Biophysics  

Physics 58500 Fall 2010 Syllabus 

Instructors AJ Rader  Phone 274-6903 

Office LD154D E-mail ajrader@iupui.edu 
Office 
Hours by appointment 

Meets TBD 

Text(s): No single required textbook. Students will be assigned review articles and 

chapters from several textbooks including Rob Phillips, Physical Biology of the Cell; Philip 

Nelson, Biological Physics 2008; Rodney Cotterill, Biophysics 2002; and Sneppen & 

Zocchi, Physics in Molecular Biology, 2005. 

Description: 

This course will introduce students to the concepts and methods of physical sciences 

that are applicable to the solution of biological problems. As a self-contained course (i.e. 

no prior biology course requirements), the intended audience is physics students at the 

senior undergraduate or entering graduate student level. The range of material to be 

covered can be classified into one of three components: concepts, techniques, or 

applications. The students will begin with the study of the structures, functions and 

interactions of proteins, biological membranes and nucleic acids. Major experimental and 

computational techniques to probe molecular structures, forces, dynamics and energy 

will be introduced. This includes X-ray crystallography, NMR and molecular dynamics 

simulations. A series of applications will be presented to illustrate how one can utilize 

various techniques to build a more comprehensive understanding of biophysical 

phenomena.  Students will be required to select a biophysics research topic and make a 

presentation of this topic to the class. 

Course Objectives: At the end of this course, students should be able to … 

1. Understand a research article or talk on biophysics 

2. Be able to begin work in any of the biophysics research labs in the department 

3. Apply physical concepts and techniques to biological systems. 

Evaluation: 

Midterm I (based upon the core concepts weeks 1 -4)   20% 

Midterm II (based upon the core techniques weeks 5-11)  30% 

Final exam (comprehensive)      30% 

Oral presentation of research topic in modern biophysics  20%  
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Letter grades will be assigned for graduate students in the 

class according to the following grading scale.  

 

 

 

 

 

Course Outline: 

WEEK TOPIC 

1 Introduction to Biophysics 

 Introduction to Cellular Environment & Molecular Biophysics 

2 Building Blocks I: Environment & Interactions 

 Introduction to Cellular Processes & Mechanisms; Intramolecular Interactions 

3 Building Blocks II: Polymers 

 Polymers and nucleic acids; Proteins 

4 Building Blocks III: Lipids 

 Lipids: phases & composition  Membranes 

5 Measuring Structures I 

 EXAM I (over weeks 1-4)              X-ray crystallography 

6 Measuring Structures & Forces 

 Circular dichroism, cryo-EM & neutron scattering, AFM & Optical tweezers 

7 Measuring Pressure & Energy 

 Osmometry, Electrophoresis and Calorimetry 

8 Time-Resolved Measurements (Spectroscopy) 

 Fluorescence and EPR 

9 Measuring Dynamics with NMR 

 Solid state & solution state NMR 

10 Computations I: molecular dynamics 

 Force fields, methods and limitations 

11 Computations II: other techniques 

 Monte Carlo & coarse-grained simulation methods 

12  Protein Folding 

 EXAM II (over weeks 5-11)  Thermodynamics 

13 Folding & Misfolding 

 Kinetics & Pathways; Disorder, misfolding & aggregation 

14 Complexes & Interactions 

 Macromolecular complexes & Diffusion; Transport (Ion channels) 

15 Student Presentations 

 

Letter  
Grade 

Minimum  
Percentage 

A+ 
A 
A- 
B+ 
B 
B- 
C+ 
C 

97 
92          
90          
87          
82          
80                
77          
72 


