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Methods in Molecular Biophysics: Structure, Dynamics, Function

Date Subject Chapter
Jan 20 Introduction to Biophysics and macromolecular structure A

Jan 27 Thermodynamics, calorimetry and surface plasmon resonance C

Feb 3
Feb 10

Hydrodynamics: diffusion, electrophoresis, centrifugation, 
fluorescence anisotropy and dynamic light scattering

D

Feb 17 Midterm exam (1/3 of final grade)

Feb 24 Introduction to NMR: spin Hamiltonians, chemical shielding, spin-spin 
coupling, dipolar interactions

J1

Mar 3 Experimental NMR: multi-dimensional spectroscopy & pulse sequences J2

Mar 10 Protein NMR: assignment strategies, protein structure determination J2

Mar 17 Spring break

Mar 24 NMR studies of dynamics: spin relaxation, chemical exchange and H/D J3

Mar 31 IR and Raman spectroscopy E

Apr 7
Apr 14

Molecular dynamics simulations. Theory and practice of force-field based 
studies of macromolecules

I

Apr 21
Apr 28

Optimal microscopy: light, fluorescence and atomic force microscopy, 
single molecule studies

F

May 12? Final exam (1/3 of final grade)



Biophysics: An integrated approach

Why?



The ideal biophysical method

would have the capability of observing atomic level structures and dynamics of biological 
molecules in their physiological environment, i.e. in vivo

would also permit visualization of the structures that form throughout the course of 
conformational changes or chemical reactions, regardless of the time scale involved



From in vivo to in vitro

A realistic drawing of the E. coli
bacterium by David Goodsell 



What Biophysics can do for Biochemistry?

Biochemistry describes in molecular terms the structures, 
mechanisms, and chemical processes shared by all organisms and 
provides organizing principles that underlie life in all its diverse forms, 
principles we refer to collectively as the molecular logic of life

Development of high-throughput techniques: 

Bioinformatics (analysis of genomic information)

Functional proteomics (identification of all the proteins present in a cell)

Dynamic proteomics (determining how this population responds to external conditions)

Structural genomics (protein structure determination)



What Biophysics can do for Biochemistry?

Dramatic changes are transforming the field of biochemistry, which is rapidly 
progressing from a science performed almost entirely at the laboratory bench to 
one that may be explored through computers



Evolution path leading to modern living systems

How the remarkable properties of living organisms arise from the thousands of lifeless biomolecules?

The study of Biochemistry shows how the collections of inanimate molecules that constitute living 
organisms interact to maintain and perpetuate life animated solely by the physical and chemical laws that 
govern the nonliving universe!

amino acids
nucleotides
lipids etc



Phylogeny of the three domains of life

All organisms are remarkably uniform at the molecular level. This uniformity reveals that all organisms on 
Earth have arisen from a common ancestor!



Structural hierarchy in the molecular organization of cells



The size of organisms and its components



The size of organisms and its components

Electromagnetic radiation

Relative sizes and detection devices

λ (m) 10-15 10-12 10-9 10-6 10-3 1 103

ν (s-1) 10+24 10+21 10+18 10+15 10+12 10+9 10+6
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Time scales in biology

10-15sec 10-12

Electronic 
rearrangements 

in vision

Bond vibrations

10-9

Macromolecular 
thermal motions

10-6

DNA unfolding

10-3

Enzyme catalysis

1

Protein synthesis

1016

Molecular evolution



Time scales in biology
Associated energies and temperatures of biophysical methods
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Biological Molecules



The central dogma of biology



The genetic code



Genomics



Protein structure

Proteins are built from a repertoire of 20 amino acids



Protein structure

Proteins are built from a repertoire of 20 amino acids



Protein structure



Protein structure

hemoglobin



Protein structure



Structure-Function



Macromolecules are the major constituents of cells



Structure foundations

Central to its function is the arrangement of the molecule’s constituent atoms in three-dimensional space-its 
stereochemistry

Three-dimensional structure is described by configuration and conformation

Stereoisomers: molecules with the same chemical bonds but different stereochemistry- that is different configuration

Interactions between biomolecules are invariably stereospecific, requiring specific stereochemistry in the interacting 
molecules



Structure foundations
Configuration is conferred by the presence of either:

double bonds, around which there is no freedom of rotation



Structure foundations
Configuration is conferred by the presence of either:

chiral centers, around which substituent groups are arranged in a specific sequence

Similar or identical chemical properties but different physical and biological properties



Structure foundations

Distinct from configuration is molecular conformation

Conformers are free to assume different positions in space because of the freedom of rotation about single bonds 



Structure foundations

Interactions between biomolecules are stereospecific

Complementary fit between a macromolecule and a small molecule



Chemical bonds - Foundations

The noncovalent molecular interactions are responsible for the strength and specificity of recognition 
among biomolecules

Electrostatic interactions

Hydrogen bonds

van der Waals interactions



Chemical bonds - Foundations

An electrostatic interaction depends on the electric charges on atoms

Electrostatic interactions

E=kq1q2/Dr2

E.g., the electrostatic interaction between two atoms bearing two single opposite charges separated by 3 Å in water (D=80) 
has an energy of 1.4 Kcal mol-1.



Chemical bonds - Foundations

Hydrogen bonds

They are highly directional and  have energies of 1-3 Kcal mol-1.



Chemical bonds - Foundations

van der Waals interactions

Energies are quite small (0.5-1 Kcal mol-1).



Chemical bonds - Foundations

Energy scale



Molecular recognition

Noncovalent interactions govern molecular recognition



Molecular recognition

Noncovalent interactions govern molecular recognition



The role of water

The properties of water affect biomolecular interactions 

Water is the most abundant substance in living systems, making up 70% or more of the weight of most organisms

water is polar

water is cohesive



The role of water

The properties of water affect biomolecular interactions 

Water is the most abundant substance in living systems, making up 70% or more of the weight of most organisms



The role of water

The properties of water affect biomolecular interactions 

Hydrophobic- nonpolar molecules do not dissolve in water



The role of water

The properties of water affect biomolecular interactions 

Hydrophobic- nonpolar molecules do not dissolve in water



The role of water

water release - driving binding force



The role of water

water binding in hemoglobin



The role of water

water mediated interactions stabilize protein structures


