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Intended for B. Tech M.Tech Integrated Dual Degree Bioengineering students
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Course Contents

• Introduction
Course Introduction, what is biophysics? What will you learn? – A general outline of the course. Outlook: what is
the use of what you will learn here? The hierarchy and order of protein structure: amino acids and peptide bonds; the
secondary structure: α-helices, β-sheets, turns and loops; super secondary structure – domains and motifs the tertiary and
the quaternary structure. Hemoglobin and myoglobin as paradigm proteins, protein characteristics and structure-function
relationships. Software and online/freeware tools for analyzing proteins e.g. Rasmol and PyMol. Homology modeling
as exercise for structural elucidation of biological macromolecules. [6 Lectures]

• Intrinsically Disordered Proteins
Sequence composition of IDPs, distribution of IDPs in nature and their physiological roles, intrinsically disordered re-
gions, fuzzy complexes, designed linkers, folding and binding mechanisms of IDPs. Protein disorder in signaling and
disease in human and plants.
Applications of IDPs or linkers in fusion proteins of clinical importance:. Chimeric Antigen Receptors as an example of
multidomain fusion protein involving folded and unfolded polypeptide chains.[6 Lectures]

• Thermodynamics
a brief introduction and thermodynamic principles. Gibbs free energy, thermochemistry and calorimetry. Protein folding
theories and structural transitions in polypeptides. [8 Lectures]

• Biophysical Methods
Absorption spectroscopy, UV/VIS spectroscopic analysis of biopolymers. Linear dichroism: transition dipole moments
and the orientation of biomolecules. Circular Dichroism: the molecular origins of the rotational strength of molecules.
Applications of polarized light interactions with chromophores in protein and DNA with case studies from literature.
Florescence spectroscopy: basic principles and instrumentation. Florescence of protein and DNA, florescence resonance
energy transfer (FRET). Working principle and major application of other spectroscopic methods (FTIR, NMR, mass
spectrometry and Ultrafast etc) for proteins. [15 Lectures]

• Protein Engineering – Basic Principles and Rationale
Identification of putative enzymes in sequence databases, bioinformatic analysis. Enzymes, enzyme catalysis and kinet-
ics, factors influencing the speed of enzymatic reaction. Enzyme applications, targets of protein engineering, protein
engineering approaches, advantages and limitations. Rational design, comparative design, random methods; prediction
of the structure of enzyme variant, evaluation of the effect of mutations on enzyme structure and function. Successful
stories of application of protein engineering to improve enzyme catalytic efficiency, enzyme stability and folding. Ther-
apeutic potentials of proteins with specific examples including insulin, anticoagulants, blood substitutes and vaccines.
Sequence composition and heteromorphic pairs of proteins. [16 Lectures]
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