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Course Title: Biophysical Chemistry
Course No.: BT 525
Credits: 2

Objectives

 The objective of this course is to understand the physical principles/properties of biological
macromolecules including proteins, DNA, RNA and polysaccharides.

 The physical properties provide a description of their structures at various levels – atomic to
multi-subunit assemblies.

 Accordingly this course will explore the interaction of macromolecules with different kinds of
radiation, and their behavior in electric, magnetic, and centrifugal fields.

 The course will pay particular emphasis to thermodynamic, quantum mechanics and equilibrium
principles.

Description of Biological macromolecules: 7hrs

Description of stoichiometry and geometry in macromolecules and structural complexity; description of
configuration and conformation in macromolecules and their relation to small molecules; description of
molecular interactions in macromolecules (strong and weak interactions and their distance and energy
relationships); Cellular environment and role of water in defining macromolecular structure and
biological function of macromolecules (solubility, hydrophobicity, membranes and transport across
membrane; osmosis and osmotic pressure);

Symmetry and types of symmetry (mirror; rotational and translational) in macromolecules; Cartesian
coordinate system and description of symmetry using simultaneous equations; application of symmetry
elements to macromolecules at the molecular, monomeric unit and atomic level; hydropathy index of
amino acids and partition coefficients, charge densities; amino acid abundance is proteins; protein
sequences and their prediction; application of translational symmetry to polypeptide structure;
Ramachandran’s map and description of secondary structure in proteins; contact maps and description
of secondary structure; supersecondary structure formation; description of 3D structure of proteins at
the atomic level using translational symmetry; molecular graphics and their role in modeling
macromolecular structure; brief description of quarternary structure of proteins with particular
emphasis to symmetry and symmetry elements.

Thermodynamics: 4hrs

Heat, work and energy and molecular interpretation of thermodynamic quantities; entropy, free
energy, and equilibrium.

Molecular thermodynamics: 3hrs

Complexities of macromolecular modeling and molecular mechanics; simulating macromolecular
structure: molecular dynamic simulation and Monte carlo simulation.

X-ray Crystallography 4hrs

Atomic resolution, crystals, theory of X-ray diffraction; determination of crystal morphology and solving
macromolecular structure by X-ray diffraction.

Scan Electron Microscopy, Tunneling Microscopy 2hrs

Nuclear magnetic resonance (NMR): 3hrs

Theory and description of small molecular and macromolecular structure by NMR techniques.
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Scattering from solutions of macromolecules 2hrs

Light scattering concepts and measurements; Examples: X-ray, Neutron, and Raman scattering
phenomenon.

Absorption, Emission and IR Spectrometry, linear and circular dichroism of biological polymers, Mass
Spectrometry (Electron Spray, MALDI-TOF) 7hrs

Macromolecules in solution 1hr

Equilibria and membrane potentials.
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