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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.
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#22 H¥5 Course Objectives

Molecular Biology is a course is about genes - their structure and function- at the molecular level. The objective is to give
you a firm and rigorous foundation in understanding gene expression and its regulation. We will begin with a review of
structure of protein and nucleic acid, and the physical and chemical properties that drive interactions of protein with
nucleic acid. Next, we will study the molecular mechanics of DNA replication, DNA damage repair, transcription in both
prokaryotic and eukaryotic organisms, with an emphasis on how the activity of genes is regulated at the molecular level
through nucleic acid-protein interactions. Genomics and systems biology will also be introduced and we will review
advances in genomics projects that are altering our understanding of molecular biology. Lastly, we will study methods
and technologies applied to study genes, which can be applied to human genetic analysis and finding disease genes.

ik 2 > R Learning Outcomes

Students are expected to do some preparation before the lecture to make room for question based interactive learning
during the lecture slot. In this way, students can use (rather than simply remember) the new concepts and information,
to form a deeper understanding of the new material.

BRENEEHEAN (WRREFUATSONE, WREABNAFTLAHTE; mERSREEERE:, H¥EEHAEH
EX7 )

Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

LECTURE SYNOPSES

Lecture 1. Introduction to Molecular Biology 2018-2019 (2 hrs)

Concept #1: Chemistry basis of information molecules (total 2 hrs)
Lecture 2. Chemistry basis of information molecules (2 hrs)
[1Protein structure

[JDNA structure and topology

[IDNA-protein interaction

Concept #2: Replication, recombination, transcription, and translation (total 16 hrs)
Lecture 3. How do organisms copy their genomes? (2 hrs)
[1The basic mechanism of DNA replication: Origins of Replication, DNA Helicases, DNA Polymerases, Clamps

[IReplication in prokaryotes
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[IReplication in eukaryotes; the end-replication problem, telomeres and telomerase

[JReplication regulation

Lecture 4. How do organisms protect their genomes (part 1)? (2 hrs)
[JSpontaneous DNA mutation
[JMutagenesis, screening and selection

CMismatch Repair (MMR)

Lecture 5. How do organisms protect their genomes (part I1)? (2 hrs)
[1Base excision repair (BER)
[UNucleotide excision repair (MER)

CJNon-homologous end joining (NHEJ)

Lecture 6. DNA repair by homologous recombination (2 hrs)
[IDNA Double Strand (DBS) break and repair
JHomologous recombination in DNA repair

[JEnzymatic machines in homologous recombination

Lecture 7. Site-specific recombination and transposition (2 hrs)
[1Conservative site-specific recombination (CSSR)
[Transpositional recombination

[nteresting examples of Transposable elements and their regulation

Lecture 8. DNA-dependent RNA synthesis (Transcription) (2 hrs)
[Transcription basics: RNA polymerases and promoter region
OTranscription in bacteria

[ITranscription in eukaryotes

OTranscription factors
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Lecture 9. Genetic code, protein synthesis, and consequences of mutation (2 hrs)
[1Elucidation and general features of the code

[1Cracking the genetic code

OtRNA

[IRibosome

[OTranslation initiation, elongation, and termination

Concept #3: Regulation (total 12 hrs)

Lecture 10. The prokaryotic gene: structure and regulation (2 hrs)

JWhy regulate gene expression?

CTranscriptional regulation of gene expression in prokaryotes (Operons)
[INegative and positive control: Lac, Trp, and AraC examples
[JRegulation by RNA structure: Riboswitch

[JRegulation of Translation through Ribosomal Proteins (r-protein)

[1Control of Gene Expression in Bacteriophage [

Lecture 11. The eukaryotic genome structure, modification, and regulation (2 hrs)
[1Chromosome Structure and Its Effects on DNA Metabolism

['Nucleosome

[1The regulation of chromosome structure and function

[JHistone modification

Lecture 12. Transcriptional & Posttranscriptional regulation of gene expression in Eukaryotes (6 hrs)
[Transcription factors (activators), and co-activators/co-repressors, and mediators

[JCombinatorial control of transcription initiation

[1Regulation transcription initiation Unique to Eukaryotes

JmRNA processing and transport
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LImRNA stability
CmiRNA

[1Signaling transduction regulates transcription

Lecture 13. Translational regulation of gene expression in Eukaryotes (2 hrs)
[Translational regulation of gene expression in eukaryotes

[JPost-translational regulation gene expression in eukaryotes

Concept #4: From gene to genesis (total 2 hrs)

Lecture 14. Putting it all together: Gene regulation in development (2 hrs)

[JRegulation of gene expression in embryonic development

Concept #5 Genetic engineering (total 4 hrs)

Lecture 15. Study genes and genetic intervention (2 hrs)

Lecture 16. Genome and beyond (2 hrs)

Presentation (8 hrs)

Spare/Revision/overruns (2 hrs)

b R H e 2% %K Textbook and Supplementary Readings

S Reference books:

1. Cox, MM, Doudna, JA, Donnell MO (2014) Molecular Biology: Principles and Practice (2nd Edition) W. H. Freeman
and Company, New York

2. Watson, JD, Baker, TA et al (2013) Molecular Biology of the Gene (7thEdition), Cold Spring Harbor Laboratory Press,
New York
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Mid-Term Test
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EfE % #t REVIEW AND APPROVAL
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This Course has been approved by the following person or committee of authority

KRBAE LY ZARH AR R R G .
This Course has been approved by Undergraduate Teaching Steering Committee of Department of Biology.




