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SYNONOMOUS COURSES:

(a)  replaces                                   
                             (course #)

(b)  cannot take                                  for further credit
                                  (course #)

TEXTBOOKS, REFERENCES, MATERIALS   (List reading resources elsewhere)

Moleculor and Cellular Biology by S. L. Wolfe
In-house lab manual

OBJECTIVES:

For detailed learning objectives see the “course content” section.

METHODS:

Lecture, demonstration, small group practice, discussion, A/V materials, use of models and charts, and lab
exercises.

STUDENT EVALUATION PROCEDURE:

Midterm lecture 25%
Final lecture 40%
Lab reports 10%
Lab exam       25%

COURSE CONTENT

I.    Interphase Nucleus
A. Nucleic acid structure

Students should be able to:
a)   recognize ribose vs. deoxyribose, purine vs. pyrimidine and the mechanism of pairing between
them
b) recognize the 3' and 5' ends of a nucleic acid
c) explain directionality of replication and transcription
d) draw a phosphodiester bond - draw a dinucleotide given the structure of the bases
e) recognize B-DNA vs. Z-DNA
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COURSE CONTENT: (cont’d)
B. Structural components of nucleus

Students should be able to:
a) draw an interphase nucleus and label; the nuclear envelope, nuclear matrix, nuclear lamina,

nucleoplasm, nucleolus, nuclear pores, heterochromatin and euchromatin
b) state briefly the function of each -

examples; diagram a nuclear pore and explain the importance of transport in and out, list the
constituents of the nucleolus (NOR, rRNA and protein) and relate ultrastructure to molecular
activity

C. Chromatin structure
Students will be able to:
a) starting with naked 2 nm DNA, describe the structure of chromatin in the interphase nucleus

including histone and non-histone proteins, 10 nm fibre, 30 nm fibre, lateral loops, matrix proteins,
euchromatin and heterochromatin

b) Describe the structure of a metaphase chromosome including centromeres and telomeres
c) Describe three frequency classes of DNA in genome complexity-single copy, several copy and

highly repeated DNA

II. Biological Flow of Information
A. Replication

Students should be able to:
a) List the enzymes involved and their general function - gyrase, helicase, ssDNA binding proteins,

DNA polymerase I, II, and III, primase, ligase
b) Draw and label a replication fork
c) Explain the basic concepts including complementary base-pairing, 5' to 3', Okazaki fragments,

and the difference between lagging and leading strands

B. Transcription
Students should be able to:
a) Recognize that rRNA, tRNA and mRNA are transcribed from DNA
b) List the structural requirements for transcrtiption - promotors, different polymerases,

template/non-template strands
c) Describe the general mechanism of transcription; binding, initiation, elongation and termination
d) Discuss the features of processing primary RNA transcripts
e) Outline the difference between the modifications of the three types of RNA;

rRNA - from genes to ribosome including cleavage of the 45S transcript into three rRNAs and the
assembly of ribosomes in the nucleolus
tRNA - relationship between structure and function including anticodon and atachment of a.a.
mRNA - exons, introns, caps, tails. Splicing of introns requires a specific sequence and an RNP

C. Translation
Students should be able to:
a) Recognize that this is a cytoplasmic process in eukaryotes
b) Explain the general mechanism - binding, initiation, elongation, termination
c) Describe the activation of tRNAs and the specificity of aatRNA synthetases
d) Describe the formation of an initiation complex
e) List and explain the significant features of the genetic code; universal, non-overlapping,

unambiguous, triplet, degenerate
f) From a DNA sequence show two possible mRNAs and the protein sequence that can be

translated
g) Describe the role of peptidyl transferase and GTP/translocation in elongation
h) Discuss the recycling of protein synthesis components following termination
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COURSE CONTENT   (cont’d)

III. Regulation of Gene Expression
A. Control of transcription

Students should be able to:
a) Identify three motifs found on DNA binding proteins and explain the physical interaction of these

proteins with dsDNA
b) Explain the models proposed for protein interactions involved in the regulation of genes controlled

by steroid hormones, the GAL4/80 system in yeast cells, the serum albumin gene in mammals,
and the heat shock genes

c) Explain how histone modification and DNA methylation affects activation of transcription

B. Post-transcriptional regulation
a) Explain how mRNA processing relates to the regulation of gene expression using the Sxl and tra

genes in Drosophila as examples
b) Relate mRNA transport and stability to control of gene expression
c) Show how eIF2 activity is regulated in developing RBCs in response to hemin levels
d) Explain how the IRE on mRNAs is involved in controlling levels of ferritin and transferrin receptors

in mammalian cells
e) Recognize that the half-life of proteins relates to regulation and explain how aa sequence (PEST

and n-end rule) affects protein stability

IV. Protein Sorting, Dsitribution, Secretion and Endocytosis
A. Endomembrane system

Students should be able to:
a) Recognize the structures of the endomembrane system - SER, RER, Golgi, pm, endosomes,

lysosomes, secretory vesicles
b) Describe the function related to each organelle
c) Outline an experimental method of distinguish each of these compartments (key enzymes,

autoradiography, subcellular fractionation)
d) Recognize that proteins travel to the Golgi from the RER
e) Diagram and label the Golgi
f) Recognize that terminal glycosylation is a sequential process
g) Explain the function of the Golgi as modification of carbohydrates and sorting to lysosomes and

pm and formation of secretory vesicles and lysosomes as coated vesicles

B. Protein trafficking
Students should be able to:
a) Explain the mechanism for sorting proteins to their final destination; co-translationally and post-

translationally
b) For any particular protein be able to start with the transcription of hnRNA and follow the progress

of the protein to its final destination

C. Protein modification
Students should be able to:
a) Explain that the same core sugar is transferred to asp residues on the growing polypeptide

D. Exocytosis
Students should be able to:
a) Distinguish regulated from constitutive exocytosis

Outline the process of secretion of proteins
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COURSE CONTENT   (cont’d)

E. Lysosomes
Students should be able to:
a) Explain lysosome biogenesis including the role of M6P, M6P receptor, pH
b) Define heterophaghy and autophaghy
c) Describe cellular digestion

F. Endocytosis
Students should be able to:
a) Define phagocytosis and RME
b) Outline one specific example of RME - LDL will be presented
c) Realize that fluid enters cells during the process and that endo- and exocytosis must be balanced

to maintain cell perimeter
d) State where lipids are synthesized and inserted into membranes

G. Peroxisomes
Students should be able to:
a) Explain why peroxisomes are not included in the endomembrane system
b) Explain the function of peroxisomes

V. Mitosis
Students should be able to:
a) Describe the cell cycle and know what happens in each stage in terms of DNA content and

chromosome number
b) Outline the stages of mitosis and what happens in each
c) Diagram and label a metaphase spindle
d) Describe two types of movement at anaphase and outline the mechanisms involved
e) Define cytokinesis and compare the process in plant and animal cells

VI. Cell Cycle and its Regulation
Students should be able to:
a) Describe in simple terms the regulation of passage through the cell cycle
b) Relate information from two experimental approaches; cyclical changes in protein profiles and

cdc mutants in yeast, to the control of cell cycle at the molecular level

VII. Cellular Immunity
Students should be able to:
a) Describe the structure of antibodies
b) Outline the process involved in stimulation of antibody production in response to bacterial and

viral infections
c) Explain the role of MHCs in the immune response to bacterial and viral infections
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LABORATORY EXPERIMENTS:

In the lab/seminar component of the course students work on lab exercises for five weeks.  The remaining
time is used for student presentation of research projects.  For the research projects students work in pairs
or individually and must choose a research paper dealing with any topic related to Cell Biology.  The majority
choose papers from Science, Nature or Cell due to our current library holdings.  The choice of paper must
be approved by the instructor.  Students must acquire a good basic understanding of the paper including the
techniques described in the paper.  The students then present the paper to the class.  They are graded on
the level of understanding demonstrated during the presentation as well as during a brief discussion with the
instructor immediately following their presentation.  The primary objective of this activity is to teach the
students how to read the literature.  A secondary objective is to expose students to the application of
experimental techniques which can not actually be performed or demonstrated in our teaching labs.

Lab exercises include:

Lab 1: Restriction enzymes and the eukaryotic genome
High-molecular weight genomic DNA from three different organisms is digested with various
restriction enzymes.  DNA fragments are then separated on agarose gels.  Highly repetitive
sequences can be observed.

Labs 2-5: Control of gene expression
Insects (fruit flies and meal worms) are exposed to heat shock conditions.  Blood and tissue
samples are assayed using Western blotting and rocket immunoelectrophoresis with an hsp70
antibody to observe aspects of the expression of hsp70 gene.

SUPPORTING LAB EQUIPMENT AVAILABLE:

In-house manual presently in use as is all necessary equipment.

LIBRARY RESOURCES:

Books: Molecular Biology of the Cell, Alberts et al

Journals: Science
Nature
Cell
Annual Review of Cell Biology


