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Course description:

Protein engineering has revolutionized the field of biosciences with varied applications and this
course will provide students with the concepts along with knowledge of methods and tools used to
engineer proteins. Further, the topics in proteomics will deal with outcomes of functional genomics
and its applications in the health sector. The myriad of techniques that have evolved in mass

spectrometry aiding advanced proteomics will be dealt with in the course.

Course objectives:

1. Students will be acquainted with methods and tools for protein synthesis and separation.

2. Familiarizing students with various domains and platforms used in Mass Spectrometry and
concepts related to advanced MS techniques.

3. Students will be provided with the concept of designing proteins, artificial macromolecular
scaffolds, and its applications.

4. Providing students with information on techniques involved in deciphering the structure function
relationship in proteins.

5. Familiarizing students with varied applications of engineered proteins.

Course contents

Module | Topic L [T |P

Module 1: Protein Synthesis and Separation

Protein expression, purification and separation, generation of pH gradients, IEF, 2-D
PAGE, Cell-free translation systems, Random mutagenesis and selection, saturation
mutagenesis (impact of mutagenesis on protein structure, solubility, and function),

designed divergent evolution, receptor based QSAR methods, phage display, yeast 1010 0
surface display and ribosomal display mechanisms

Module 2: Proteomics

Mass Spectrometry (MS): principles, quadrupole, mass analyzers, timescale of

events in MS, quasi equilibrium theory (QET), unimolecular dissociations in MS,

mass spectrum and isotopes, data dependent MS/MS, targeted MS/MS (SID-MRM-

MS), protein identification: N-terminal sequencing, MALDI —TOF, LC-MS/MS, 12 1o lo

Tandem-MS/MS. SELDI-TOF, ICAT, | TRAQ (4-plex, 8-plex), MUDPIT, Protein
interaction maps, analysis of cellular constituents, metabolomics, functional
proteomics; Clinical and biomedical application of proteomics; Proteome database

Module 3: Protein design and engineering- components, methods, and tools

Molecular scaffolds: Repeat proteins like tetratricopeptide repeats (TPRs), ankyrin
repeats (ANKS), leucine-rich repeats (LRRs), armadillo repeats (ARMs), and
hexapeptide repeats (HPRs) for diagnostics and PPI studies, artificial protein design, | 8 0 0
de novo protein design (ROSETTA), Antibody engineering, Protein chips

Module 4: Structure function data on proteins

Structural and functional information through X-ray crystallography, NMR, Electron
Microscopy, computational techniques




Module 5: Engineered protein applications

Peptidomimetics (common intermediate, solid phase synthesis and combinatorial
approaches), stimulus responsive peptide systems, biosensors, drug delivery,
nanodevices and tissue engineering (biopolymers), microbial proteins (dairy,
pharmaceutical, industrial, and environmental units)

Total 45 |0 0

Evaluation criteria:

1. Minor test 1 30%
2. Minor test 2 30%
3. Major test (end semester) 40%

Learning outcomes:

1. Able to gain understanding of protein separation and synthesis methods. (Minor test 1)

2. Acquire a deep insight into the tools and techniques of proteomics with special emphasis on mass
spectrometric methods. (Minor test 1 and Minor test 2)

3. Anunderstanding of various design strategies of proteins. (Minor test 2)

4. Able to apprehend the structure function relationship of proteins through three-dimensional
structural analysis. (Minor test 2 and Major test)

5. Able to grasp applications of engineered proteins. (Major test)

Pedagogical Approach:

1. Lectures and tutorials, demonstration of online resources.

2. Providing case studies to support the concepts.

3. Peer-reviewed research articles to discuss various modules in the course.

Skill Set:

1. Knowledge of protein separation techniques.

2. Knowledge of tools employed in mass spectrometry, applications and, how to characterize a
proteome.

3. Knowledge of methods to design artificial protein scaffolds and applications.

Employability:

The course will provide skillsets and knowledge that may play a key role to get employed in
Universities, R & D industries, Medical centres/Colleges, Research Institutes and Diagnostic centres
apart from specialized units like pharma, breweries, dairy and agri sectors.
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Additional information (if any): The course framework and modules were designed and
conceptualized by Dr. Chaithanya Madhurantakam. Further inputs were received from Dr. Pooja
Anjali Mazumdar (PhD, IT KGP), Independent Investigator, New Delhi.
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1. Study of course material as specified by the instructor.
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