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Course Syllabus

Biochemistry

CHEM 410

I.
Introductory Information

A.
Department:


Chemistry

B.
Catalog Number:

CHEM 410

C.
Course Title:

Biochemistry

D.
Credits:


4

E.
Clock Hours/Week:

3 hours lecture, 3 hours laboratory

F.
Prerequisites:

CHEM205 or CHEM221

II.  Course Description

A. Catalog Description:

Provides an introduction to modern biochemistry at the molecular level.  Emphasis will be given to the structure and function of the major classes of biomolecules (proteins, nucleic acids, carbohydrates and lipids) and the bioenergetics of metabolic pathways.  The laboratory portion will include the application of modern biochemical methods of analysis to the problems of: purification and characterization of biomolecules, quantitative measurement of enzyme activities, and the evaluation of metabolic processes.

B. Comprehensive Description:

The content of this course relates to standards of the Interstate New Teacher Assessment and Support Consortium (INTASC) Standards.  The course addresses Unit Standard One: Subject Matter- “The teacher understands the central concepts, tools of inquiry, and structures of the discipline(s) he or she teaches and can create learning experiences that make these aspects of the subject matter meaningful for students.”

Pennsylvania Department of Education (PDE) Standards related to this course include:

I.A.  Basic principles of mathematics and physics as they relate to chemistry, including:

· Physical parameters, units and dimensional analysis, 

I.B.  Applications of chemistry to:

· the life sciences 

· scientific discovery and technological advancement 

I.D.  Chemical concepts, including:

· chemical formulas and nomenclature, 

· mixtures, solutions, solubility, and chemical equilibrium 

 I.F.  Organic chemistry, including:

· stereochemistry, 

· synthesis and spectroscopy applications related to biology

I.G.  Thermodynamics and kinetics of chemical reactions including:

· laws of thermodynamics,

· chemical equilibrium,

· chemical kinetics 

I.H.  Extensive laboratory activities including:

· reinforcement or extension of chemical theory, 

· experimental design, data collection, analysis and interpretation, 

· methods of preparation, use, storage and disposal of reagents conforming to state and federal regulations,

· laboratory safety

Components of this course are used to fulfill parts of the National Science Teachers Association (NSTA) Standards 1.0 Content, 2.0 Nature of Science, and 3.0 Inquiry.

The content of this course also relates to guidelines of the American Chemical Society’s Committee on Professional Training.  The content builds upon core courses that cover chemical bonding and structure, organic chemistry, thermodynamics and kinetics.

This course is required for students majoring in interdisciplinary Biology/Chemistry, Chemistry/Secondary Education and Cellular/Organismal Biology.  Elective for Chemistry majors and other Biology majors.

III.
Exposition

A. Objectives:

Upon completion of the course, students will be able to do the following:

1.
Understand the historical development of the field of biochemistry.

2.
Compare and contrast the chemical bonding and molecular structures of the major classes of biomolecules using knowledge of these concepts from Principles of Chemistry and Organic Chemistry.

3.
Determine the chemical and physical properties of the major classes of biomolecules by drawing on knowledge from Principles of Chemistry and Organic Chemistry.

4. Relate structure, function and cellular location of the major classes of biomolecules.

5. Apply concepts of chemical equilibrium learned in Principles of Chemistry, Organic Chemistry and Quantitative Analysis to biochemical reactions.

6.
Analyze kinetic and thermodynamic data for chemical reactions within biochemical pathways.

7.
Describe the basic metabolic processes in which each class of biomolecule participates.

8. Understand the regulation of these metabolic processes.

9. Perform basic biochemical methods, which includes design/modification of experiments, collection of data, and analysis of data.

10. Demonstrate safe laboratory practices.

11. Construct and write technical reports after careful analysis of the data.

B. Activities and Requirements:

The students will attend all lectures and laboratories, take notes, participate in class discussions and work cooperatively with other students in the laboratory.  Activities as they relate to section III.A are listed below.

1.
Lecture material will explore the historical development of biochemistry.

Students will be assessed on objective III.A.1 through examinations.

2. Lecture material will review the concepts of chemical bonding and molecular structure learned in the courses mentioned in III.A.2.  Students will be assessed on objective III.A.2 through homework questions, examinations and laboratory experiments/reports.

3. Lecture material and laboratory activities will illustrate the chemical and physical properties of the major classes of biomolecules.  Students will apply this knowledge and knowledge from the courses mentioned in III.A.3 on homework questions, examinations and in laboratory experiments/reports.

4. Lecture material will present the relationship between structure, function and cellular location of the major classes of biomolecules.  Students will be assessed on objective III.A.4 through homework questions and examinations.

5. Lecture material and laboratory activities will require students to apply concepts of chemical equilibrium learned in the courses mentioned in III.A.5 to biochemical reactions.  Students will be assessed on objective III.A.5 through homework questions, examinations and laboratory reports.

6. Lecture material and laboratory activities will give students the opportunity to analyze kinetic and thermodynamic data for various biochemical reactions.  Students will be assessed on objective III.A.6 through homework questions, examinations, and laboratory experiments/reports.

7. Lecture material will present the basic metabolic processes involving each class of biomolecules.  Relevant laboratory activities will reinforce some of these processes.  Students will be assessed on objective III.A.7 through homework questions and examinations. 

8. Lecture material will present how metabolic processes of the major class of biomolecules are regulated.  Students will be assessed on objective III.A.8 through homework questions and examinations. 

9. Laboratory activities will involve the use of various scientific apparatuses used in biochemistry.  They will also involve design/modification of procedures, data collection and graphical analysis of data.  Students will be assessed on objective III.A.9 through technique points, laboratory reports and laboratory exams.

10. Laboratory activities will involve the use of safe laboratory practices.  Students will be assessed on objective III.A.10 through technique points.

11. Students will be assessed on objective III.A.11 through formal laboratory reports.  The instructor will provide students with guidelines and examples of the approved report format.  Students will have the opportunity for revision of the first report.

 
C.  Major Units and Time Allotted:

1.
Lecture Units

The following units have subheadings that are representative of but not limited to the information to be covered.

a.
Unit 1- Biomolecules



(9 contact hours)


Major classes



Amino acids, peptides and proteins



Nucleosides, nucleotides and nucleic acids (DNA & RNA)



Monosaccharides, disaccharides and polysaccharides



Fatty acids, simple lipids, compound lipids and derived lipids


Chemical and physical properties



Types of bonding (peptide, glycoside)



pKa values



Acid/base equilibria



Melting points/boiling points



Solubilities



Functional group chemistry (reactions of amino acids, etc.)

b.
Unit 2- Structure/Function


(9 contact hours)


Structure of biomolecules



Primary



Secondary



Tertiary



Quaternary


Parameters affecting structure



pH/buffers



Ionic strength



Solvent strength



Cooperativity/noncooperativity



Chemical modification

Function of biomolecules



Structural



Enzymatic



Transport



Hereditary


Cellular location of biomolecules



Mitochondria



Cytosol



Nucleus

c.
Unit 3- Kinetics




(6 contact hours)


Principles of catalysis


Kinetic methods of analysis


Enzymes


Classes of reactions


Specificity


Regulation

d.
Unit 4- Bioenergetics



(6 contact hours)


Principles of thermodynamics


High-energy biomolecules


Coupling phenomena

e.
Unit 5- Metabolism



(15 contact hours)


Carbohydrate metabolism



Glycolysis



Citric acid cycle



Oxidative phosphorylation


Lipid metabolism



Beta-oxidation


2.
Laboratory Units

The following units are representative of but not limited to the experiments to be covered.


a.
Unit 1- Computer analysis and reporting of data


(1 week)


b.
Unit 2- Spectroscopy





(2 weeks)


c.
Unit 3- Chromatography





(3 weeks)


d.
Unit 4- Electrophoresis





(3 weeks)


e.
Unit 5- Enzymology





(2 weeks)


f.
Unit 6- Biological purifications




(2 weeks)


g.
Unit 7- Identification of biomolecules



(1 week)


h.
Unit 8- Centrifugation





(1 week)

C. Materials and Bibliography:

1.
Suggested textbooks:
Nelson, D.L. and Cox, M.M., Lehninger Principles of Biochemistry, 

3rd ed., Worth Publishers, New York, 2000.

Farrell, S.O. and Ranallo, R.T., Experiments in Biochemistry: A Hands-on Approach, Harcourt Brace & Co., Orlando, 2000.


2.
Bibliographic support:



Books



Robyt, J.F. and White, B.J., Biochemical Techniques: Theory and Practice,

Brooks/Cole Publishing Co., Monterey, 1987.

Gilbert, H.F., Basic Concepts in Biochemistry: A Student's Survival Guide, McGraw-Hill, New York, 1992.

Garrett, R.H. and Grisham, C.M. Biochemistry, 2nd ed., Saunders College Publishers, Fort Worth, 1999.


Series Sources

Annual Review of Biochemistry, Stanford University Press

Methods in Enzymology, Academic Press

Methods of Biochemical Analysis, John Wiley & Sons


Journals


Analytical Biochemistry


Biochemical Journal

Biochemistry


Biotechniques


Journal of Biological Chemistry


Journal of Chemical Education

Journal of Chemical Technology & Biotechnology

Nature

Proceedings of the National Academy of Sciences

Science

IV.
Standards:

Grades will be awarded in a manner consistent with University policy, and will be based upon student demonstration of a mastery of the course material through the following criteria.

A. Lecture:

Examinations


Homework/Assignments

B. Laboratory:

Formal reports

Quizzes

Technique

V.
Rationale and Impact:

A. Reason for Proposal:

The syllabus is being revised to reflect standards of a variety of accrediting agencies.  It also reflects a revision of the learning outcomes for the course.

B. Design:

The course is designed for students majoring in interdisciplinary Biology/Chemistry, Chemistry/Secondary Education and Cellular/Organismal Biology.

C. Students Permitted in Course:

Students who have successfully completed CHEM205 or CHEM221 are permitted to take CHEM410.

D. Affect on Existing Academic Programs or Departments:

The revisions do not significantly affect existing academic programs or departments.

VI.
Cost and Staff Analysis:

A.
Effect on University Resources:

There will be no additional costs incurred on university resources.

B.
Expected Frequency and Rotation:
The course will be offered once per academic year.

VII.
Date Approved by University president:

______________________________


___________

Signature of the president




Date
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