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II. COURSE SPECIFICS

A. Hours
B. Units
C. Prerequisite

D. Course Description

E. Field Trips
F. Method of Grading
G. Repeatability

4 hours lecture and 2 hours laboratory
4
Chern 32, or Chern 208A, or Chern 212A; and Math
840 or placement in a higher level math course.
Chern 33 is a one-semester course covering
advanced topics in chemistry that are of relevance
to the health sciences and biotechnology. It is
intended to fulfill the requirement for a second
second semester of chemistry for students in certain
nursing programs. Chern 33 also satisfies the
second-semester requirement for the
biomanufacturing certificate at City College.
none
letter only
a

III. CATALOG DESCRIPTION

Advanced topics in general and biological chemistry, including equilibrium processes, gene
expression, DNA manipulation and analysis, biochemical transformations, specialized
biomolecules, enzymes, metabolic pathways, and nuclear chemistry.
Prerequisite: Chern 32 or Chern 208A, or Chern 212A,' and Math 840 or placement in a
higher level math course.

IV. COURSE OBJECTIVES

On completing the course, the student will be able to:
A. Prepare a solution to any desired molarity or percent concentration, using either

the pure solute or a more concentrated solution.
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B. Describe the necessary conditions for chemical equilibrium, and predict the
direction of any equilibrium reaction that is stressed, using Ie Chatelier's
Principle.

C. Write the equilibrium constant expression for any given chemical equation.
D. Calculate the pH of any solution from the hydronium ion concentration, and

VIce. versa.
E. Rank acids and bases in order of strength, using their K or pK values.
F. Prepare a buffer solution to a specified pH, given one of the buffer components.
G. Calculate the standard potential EO for an oxidation-reduction couple given the

potentials for the relevant half-reactions, explain the difference between EO and
EO' for a biochemical redox process, and describe the dependence of the potential
on reagent concentrations.

H. Solve typical numerical problems involving the gas laws.
1. Describe the mechanisms by which carbon dioxide concentration affects blood

pH, and how blood pH in turn influences oxygen binding by hemoglobin.
J. Describe how enzyme activity is regulated in a living cell, and how enzymes can

serve as markers for disease processes.
K. Describe and carry out an enzyme-linked immuno-sorptive assay (ELISA).
L. Describe the relationship between protein composition and isoelectric point,

and how this is used in electrophoresis.
M. Describe how messenger RNA (mRNA) is processed prior to being translated,

and how gene expression is regulated at the DNA-RNA level.
N. Plan and carry out the amplification of a DNA sample, using the polymerase

chain reaction method (PCR).
O. Compare and contrast the various chromatographic methods in cornmon use in

biotechnology, and carry out typical chromatographic separations using HPLC
and thin-layer chromatography.

P. Describe how DNA can be used as an identification tool for a particular person.
Q. Summarize the results of the Human Genome Project, and analyze the various

ethical arguments for and against the dissemination of human genetic
information.

R. Describe how viral genomes are replicated, and compare DNA viruses to RNA
VIruses.

S. Describe how genetic material is exchanged in bacteria, and analyze the practical
aspects of this in the proliferation of drug resistant bacteria.

T. Describe the common biochemical transformations and analyze the role played
by coenzymes in each.

U. Analyze the requirement for activated intermediates in the construction of
biological macromolecules.

V. Explain how organisms segregate anabolic and catabolic pathways, citing
specific examples where appropriate.

W. Describe the chemiosmotic theory and the production of ATP.
X. Identify the roles and structural features of the less-common lipids.
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Y. Predict the products of various modes of nuclear decay, and the particular mode
that would be observed for a given unstable nuclide.

Z. Describe how artificial radioisotopes are prepared, and how they are used in
cancer therapy.

AA. Compare the various common methods of diagnostic imaging, with due
consideration of the hazards and limitations of each.

BB. Use Web-based resources to find information on metabolic pathways and the
mapping of the human genome.

CC. Use Microsoft Excel to analyze and graph experimental data, and to determine
a best-fit curve.

V. COURSE CONTENT

A. Solution preparation and manipulation
1. Review of concentration units

a. Molarity
b. Percent concentration

2. Solution preparation
a. Calculations
b. Practical considerations

3. Equivalents and electrolytes
4. Solubility
5. Dilution

a. Calculations
b. Practical considerations

B. The equilibrium state
1. The nature of chemical equilibrium
2. The equilibrium constant

a. The law of mass action
b. Heterogeneous equilibrium

3. The Principle ofle Chatelier
C. Acid-base equilibrium

1. The Bronsted-Lowry concept of acids and bases
2. pH calculations involving logarithms
3. The acid dissociation constant

a. Ka as a measure of acid strength
b. pKa

4. Base hydrolysis
a. Kb as a measure of base strength
b. Conjugate acidlbase pairs
c. Ka as an indirect measure of base strength

5. Buffers
a. Review ofbuffer concepts
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b. Calculating buffer pH: the Henderson-Hasselbalch equation
c. Buffer preparation

i. Reagent selection
ii. Concentration adjustment

D. Oxidation-reduction reactions
1. Inorganic redox reactions

a. Basic concepts of oxidation and reduction
b. Redox conversion involving transition metals

2. Review oforganic redox reactions
a. Oxidation and reduction of oxygen-containing compounds
b. Hydrogenation and dehydrogenation as redox reactions
c. Other organic redox processes

3. Introduction to electrochemical potential
a. The standard potential EO
b. pH dependence and EO'
c. Calculating standard potentials for overall reactions
d. Concentration dependence

4. Metabolic redox processes
a. Nicotinamide and flavin nucleotides
b. Other oxidizing and reducing agents

E. Gases
1. The gas laws

a. Boyle's Law
b. Charles's Law
c. Avogadro's Law
d. The Ideal Gas Law

2. Gas solubility
a. Pressure dependence: Henry's Law
b. Temperature dependence

3. Blood gases
a. Equilibria involving carbon dioxide
b. Oxygen and hemoglobin

F. Proteins
1. Protein analysis

a. Isoelectric points and pH dependence
b. Electrophoresis
c. Protein sequencing: an overview

2. Enzyme regulation
a. Enzyme repression
b. Enzyme activation

3. Enzymes as analytical tools
a. ELISA

4. Enzymes as markers for physiological disorders
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G. Gene expression
1. Review of basic concepts

a. DNA replication
b. Transcription and mRNA
c. Translation and tRNA
d. The genetic code

2. Regulation of DNA expression
a. The operon concept
b. Induction and repression

3. mRNA processing
a. Introns and exons

H. Analytical methods of biotechnology
1. DNA sequencing
2. DNA amplification: PCR
3. Chromatographic methods

a. Thin-layer chromatography
b. HPLC
c. Electrophoresis

4. DNA fingerprinting
5. The Human Genome Project
6. Ethical concerns

1. Microbial gene expression
1. The viral genome

a. DNA viruses and the lytic cycle
b. RNA viruses

1. Retroviruses and AIDS
ii. Other RNA viruses

2. The bacterial genome
a. Plasmids and the chromosome
b. Gene exchange and antibiotic resistance

1. Biochemical transformations and cofactors
1. Phosphorylations and the nucleoside triphosphates
2. Dehydrations and hydrations
3. Redox reactions and their coenzymes
4. Decarboxylations and TPP
5. Macromolecular construction

a. Condensations and activated intermediates
b. Hydrolysis

K. Metabolic pathways
1. Review of catabolic pathways

a. Glycolysis
b. The citric acid cycle (Krebs' Cycle)
c. Fatty acid catabolism
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2. Special concerns of anabolic pathways
a. Gluconeogenesis and the reversal of exergonic steps
b. Fatty acid anabolism
c. Compartmentalization of metabolic pathways

3. Oxidative phosphorylation and the electron transport chain
a. Redox processes
b. The chemiosmotic theory

L. Specialized biomolecules
1. Substituted carbohydrates and blood types
2. Glycoproteins and cell recognition
3. Complex lipids

a. Sphingosine and the sphingolipids
b. Glycolipids

4. Prostaglandins
5. Non-protein hormones

M. Nuclear chemistry
1. The nature of radioactivity
2. Nuclear decay modes

a. Alpha decay
b. Beta decay
c. Gamma decay
d. Positron emission
e. Fission and fusion

3. Artificial transmutation
4. Ionizating radiation

a. Biological effects
b. Measurements of radiation
c. Shielding

5. Medical applications
a. Radionuclides in cancer treatment
b. Radionuclides in diagnostic imaging

i. PET
ii. Radioactive metabolites

c. Other imaging methods
i. X-rays and CT
11. MRI

VI. INSTRUCTIONAL METHODOLOGY

A. Assignments
1. Readings and homework assignments from the textbook
2. Instructor-generated problem sets, including Web-based research

assignments
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3. Pre-lab reading and problem assignments
4. Lab experiments and lab record sheets, including data analyses using

Microsoft Excel.
B. Evaluation

1. Graded homework, including calculations, recitations of fact, and short
essays covering all aspects of the course.

2. Graded laboratory record sheets, which include data, observations, and
interpretation of lab results.

3. Written quizzes, covering basic concepts and calculations from lecture and
lab.

4. Written examinations which include:
a. Short answer questions on factual information.
b. Problems requiring demonstrations of ability to use mathematical and

non-mathematical models of the behavior of matter and energy.
c. Essays requiring synthesis of concepts from all parts of the course.

5. Comprehensive written lecture final examination, similar in scope and
variety to the above examinations.

C. Texts and other materials
1. Lecture text: Stoker, H. Stephen: GeneraL Organic and Biological

Chemistry, Houghton-Mifflin, Boston, 2001.
2. Lab text: Hein, M., Best, L.R., Pattison, S, and Arena, S: Introduction to

GeneraL Organic and Biochemistry in Laboratory, 7th ed., Brooks-Cole,
Pacific Grove, 2001.

3. Instructor-generated handouts including problem sets and supplemental lab
exerCIses.

4. World-Wide Web resources (available through the chemistry computer
studio).

5. Safety goggles or safety glasses.
6. Electronic calculator.

VII. REQUESTED CLASSIFICATION

CREDIT/DEGREE APPLICABLE [meets all standards of Title V, Section 55002 (a)].
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