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Welcome to molecular biotechnology! In thisclass, we' |l start right from the basics. Think high-school
chemistry level and slowly build our way up. Step by step, we' 1l go from DNA and proteins to the
fascinating tools and techniques behind today’ s biotech. No need to worry if some classmates already know
alot; we al begin from the same starting line.

Before each class, you' |l watch a short LM S/GoogleDrive lecture at home. That way, when we meet in
class, we can zip through a quick English summary and spend our time talking, discussing, and solving
problems together.

We' |l also do some hands-on activities and look at real-world examples, so you don’ t just learn the
science; you see how it' s used to shape the world around us.
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By the end of the course, you should be able to:

Understand and describe how DNA and genes are organized and controlled.

Explain basic molecular biology methods, including recombinant DNA and how proteins are made.
Imagine how these methods could be used in examples from microbes, plants, or animals.

Think about and discuss the social, ethical, and bioethical issuesin biotechnology.

Join simple debates on the risks and benefits of things like gene therapy, regenerative medicine, or transgenic
organismes.

Practice critical thinking and problem-solving by connecting biotechnology ideas to real-life examples and
case studies.
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Week 1: Introduction to Molecular Biotechnology

* Definitions and the need for biotechnological innovationsintoday’ sworld
* History and role of molecular biotechnology, addressing potential issues

* Overview of fields and subfields within molecular biotechnology

Key applications of molecular biotechnology (selected examples)
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Week 2: Nucleic Acids and Gene Expression

* Basic structure of DNA and RNA

* Central dogma of molecular biology
* Principles of gene expression

* Protein trandation at the ribosome

Week 3: Genomes and DNA Replication

* Genome organi zation within chromosomes
* Prokaryotic vs. eukaryotic genomes, genome composition, and complexity
* DNA replication, concluding the central dogma and exploring gene structure

Week 4: Epigenetics and Gene Regulation

* Chromatin conformation and epigenetic modifications
* Transcriptional regulation of gene expression
* mRNA modifications, miRNA/sIRNA, gene silencing, and siRNA-based drugs

Week 5: Cloning and Gene Expression Control

* Trandational and post-translational regulation of gene expression
* Molecular cloning |: biotech methods for DNA analysis
* Molecular cloning I1: plasmid components and restriction enzymes

Week 6: Recombinant DNA and Library Construction

* Sticky-end DNA cloning

* Applications of recombinant DNA technology in transgenic animals and plants

* Genomic and cDNA libraries, hybridization techniques (Southern Blotting, cDNA library screening)
* PCR and itsinvention by Karry Mullis

Week 7: DNA Sequencing and Hybridization

* DNA microarray and Y east Two-Hybrid (Y 2H) techniques
* Importance of DNA sequencing

* Sanger sequencing (di-deoxy NTPs)

* Southern and Northern blotting, In-situ hybridization

Week 8: Genomics and Recombinant Proteins

* RT-PCR and In-situ hybridization

* Genomics, personalized medicine, bioinformatics, Al
* Recombinant proteins

* Expression of target genesin prokaryotic cells

Week 9: Microbial Biotechnology and Protein Purification
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* Overview of microbial biotechnology

* Protein extraction and purification techniques

* Chromatography methods (gel filtration, ion-exchange, affinity chromatography)
* Industrial applications. composting and other microbial biotechnology examples

Week 10: Microbial Applications and Diagnostics

* Applications of bacteriaand yeast in biotechnology

* Microbial genomics and diagnostics, SDS-PAGE, Western blotting, antibodies
* Microbial detection methods (ELISA, PCR, hybridization)

* Production of therapeutic proteins and vaccines

Week 11: Microbial Enzymes and Biopolymers

* Microbia enzymes and their engineering for biotechnological applications
* Strategies for antibiotic development and studies

* Commercial biopolymers

Week 12: Animal Biotechnology

* Introduction to animal biotechnology and transgenic animals

* Creating transgenic animals using retrovirus techniques

* Cloning and applications of transgenic animals

Week 13: Transgenic Plants

* Methods and applications of transgenic plants
* Further exploration of transgenic plant technology

Week 14. CRISPR/Cas9 and the Future of Biotechnology

* Basics of CRISPR/Cas9 technol ogy

* Applications: gene knockouts, base-editing, and current advancesin CRISPR
* Review of the semester's key concepts

Week 15: Feedback and Review

* Course wrap-up, feedback session, and open discussion on examination results and final course insights.
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Class Attendance and Participation (30%): Y ou will get points for being present, taking part in discussions,
working in groups, and giving short presentations in class.
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Weekly Quizzes (30%): Each week there will be an online quiz (using MS Forms) about what we |learned the
previous week. The quizzes themselves are not graded by score, but your effort in completing them and how
you join the class discussions about them will count toward your grade.

Final Exam (40%): At the end of the course, there will be one exam that covers everything we studied.

[ ]

All the materials you need for this class (handouts, videos, and other resources) will be provided by the
instructor. Y ou do not need to buy any textbooks.

However, some past students have found it helpful to also study with Japanese-language books that they
chose themselves, since this classistaught in English. If you feel more comfortable, you are welcome to do
the same for your own self-study.

[ ]
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Before each class, please review the handouts and watch the videos uploaded to LM S/GoogleDrive. This
preparation will help you understand the short class summary and take part in discussions more easily.

Each week, you will:

* Watch the videos.
* Do the assigned readings (from the handouts).

Think about the discussion questions to prepare for class.

Weekly quizzes and your participation in class will help check how well you are following the material.
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Office Hours: | am happy to talk with you anytime. Please send me an email first before coming to my office
or before setting up an online meeting (Zoom, etc.). Don’ t worry about the reason - whether it’ s about
class, the homework, or even if something just feelsunclear - I’ m here to help, so please don’ t be shy to
contact me.
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