Course title: Synthetic and Systems Biology credit: 2+1+0
Part A: Synthetic Biology — 16 classes (each classis 1.5h)=24h

Instructor: Dr. Varuna H P, PhD

1. Introduction, concepts and practice of synthetic Biology and its subfields (4 classes):
(Bioengineering, synthetic genomics, protocell synthetic biology, unconventional
molecular biology, and in silico techniques)

Impact of synthetic biology of culture and life.

Tutorial 1: 1 class

2. Basic research, Case studies and applications of synthetic biology tools (6 classes):

a. Genetic code expansion and Protein engineering: A case study. Principles and
applications of genetic code expansion, a powerful tool in synthetic biology and
protein engineering.

b. Self-assembled biomaterials: Applications in drug discovery, drug-delivery tools
addressing the unmet clinical needs

Tutorial 2: 1 class
3. Invited Lectures and workshop: (3 lectures and one day workshop)

Genetic Code Expansion and Protein Engineering: Significant aspects of the molecular and
cellular mechanisms underlying genetic code expansion. In addition, learn about the
various methods for incorporating non-natural amino acids into proteins. Explore the
diverse applications of this technology in areas such as drug discovery, receptor-ligand
interaction, and biotechnology.

Tutorial 3: 1 class
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Part B: Systems Biology (24 h)
Instructor: Dr. Divyashri Baraniya

About the course: Systems Biology brings together Biology, Mathematics, Physics and
computational approaches to get a detailed picture of Biological systems at cell, tissue and
organism level. Approacheslike mathematical modelling and network analysis are often
used to understand the manner in which components of a biological system interacts at
different level.

1. Introduction and basic principles (3 classes)
e Introduction to systems biology
¢ Fundamentals of mathematical modelling, properties of models.
¢ Biological systems and models. Some example models.
e Understanding Systems Biology Graphical notation (SBGN).
¢ Introduction and types of biological networks.
Tutorial: 1 class

2. Network Biology (5 classes)
e Principles of Biological networks, Network representation and statistics,
networkperturbations.
¢ Optimality and robustness of biological networks.
e Reconstruction of Gene regulation networks - Negative and positive
regulation in transcription networks with example.
Tutorial: 2 classes

3. Metabolic fluxes (4 classes)
e Properties and control of metabolic flux.
e Metabolic flux analysis: Flux Balance Analysis (FBA), Flux Variability
Analysis, Flux Map.
e Applications of metabolic flux analysis.
e Lab
Tutorial: 2 classes

4. Guest lectures (2 Lectures): TBD
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