Field of Studies Course Proposal

A

1. Proposed Field of Study: Natural Sciences, Chemistry (FSNC)

2. Course Number:
Chemistry 112

3.
Course Title:
Biochemistry in the Real World [with Laboratory]

4. 
Catalog Description

The genomics revolution of the last ten years has given birth to the "proteome", emphasizing the central role that proteins play in virtually all life and death processes. This course will explore central features of what proteins look like and how they perform their varied functions in a variety of biological and chemical processes. These will include aspects of cell differentiation, cell death and disease states such as cancer, alzheimer's and viral infections by Epstein Barr Virus, Papilloma Virus and AIDS. .  Three Lecture and Thre Laboratory Hours per week. Prerequisites: none. 4 Sem. Hrs. (FSNC).

5. Course Prerequisites:  None

6. Number of Credit Hours: 4

7. Typical Estimate of Enrollment:

One lecture section of 32 (3 fifty minute lectures per week)

Two laboratory sections of 16 (one three hour laboratory)

8. How Often and by who will the course be offered: every spring: Ellis Bell

9. Staffing Implications: part of normal teaching load for lecture section, will require adjuct faculty to help with laboratory teaching

10. Adequacy of Informational Resources: OK

11. Interdepartmental and Interschool Resources: None

12. Contact Person: Ellis Bell: Gottwald Professor of Chemistry: 289-8244, jbell2@richmond.edu
B

The proposed course is designed to teach a number of fundamental concepts of both chemistry and biology in the context of a variety of diseases and clinical conditions that students will encounter in everyday reading in the popular press. To this end the course will also enhance the scientific literacy amongst non-science students. Lectures and laboratories are coordinated to reinforce both basic concepts and the process and excitement of scientific research. The laboratories are designed for both discovery based learning and the "research paradigm of teaching where the answers to questions that the students will investigate are not known.

The goals of the course are to a) teach students about the process of scientific discovery using examples from "real" research projects  involving proteases and a variety of both developmental and disease processes b) to demonstrate that scientific knowledge is based upon hypothesis and observation and the testing of ideas developed from both, c) the quantitative and qualitative nature of scientific experimentation, d) to develop the presentation and evaluative skills necessary in modern society and e) to illustrate a number of issues at the cutting edge of biochemistry and molecular biology and biotechnological interests. Together with these scientific aspects will be integrated a number of issues related to the ethical and economic dimensions of the biotechnological revolution of the 21st century.

Proposed Syllabus

Chemistry 112

Biochemistry in the Real World

Instructor: Ellis Bell

N305 Gottwald Science Center

Jbell2@richmond.edu
289-8244

Text: Papers and reviews from both the popular press and current literature will be used as the text for the course together with a detailed web site that will document the underlying principles of chemistry and biology necessary for progress in the course.

Objectives of the Course:

The genomics revolution of the last ten years has given birth to the "proteome", emphasizing the central role that proteins play in virtually all life and death processes. This course will explore central features of what proteins look like and how they perform their varied functions in a variety of biological and chemical processes. These will include aspects of cell differentiation, cell death and disease states such as cancer, alzheimer's and viral infections by Epstein Barr Virus, Papilloma Virus and AIDS. Our ability to understand protein structure governs our ability to utilize genetic engineering for such biotechnological purposes as crop production, disease resistance and pharmaceutical production: issues which will be explored during the course. In particular we will focus on a class of  enzymes [biological catalysts] known as proteases and explore the chemistry behind how these enzymes enhance the rates of biological processes upto  1 billion times. This knowledge leads to both effective drug design for a variety of diseases and infections and to biotechnological manipulations of the structures of proteases and their naturally occurring inhibitors.

The course will consist of lectures [24], outside speakers [6] who will address a variety of both scientific, business, and ethical issues related to biotechnology, laboratory lectures [8] laboratories [8] which will illustrate both the scientific method and a variety of topics at the cutting edge of protein biochemistry and drug design, and group projects and presentations. The group projects and presentations will take place during the final 6 weeks of the semester and will allow students to develop a research question and perform the appropriate experiments to test their hypothesis. The project will culminate in both oral and poster presentations of their projects.

Lecture Titles (24 Lectures):

1. Fundamentals of Atomic and Molecular Structure

2. Making and Breaking Chemical Bonds

3. Overview of Cell Structure and Function

4. The Central Dogma and Evolution

5. What is a Protein and What Governs its Shape?

6. Proteins, Catalysts and Enzymes

7. Proteases and Biology

8. Proteases and Chemistry

9. Proteases and Biotechnology

10. What Can We Learn from Genomics about Proteases

11. How we Study the Shape of Proteins

12. How we Study the Function of Proteins

13. Proteases and Processes: Normal Cell Function

14. Proteases and Processes: Differentiation and Tissue Development

15. Proteases and Processes: Cell Death

16. Proteases and Diseases: Lifestyles of Viruses

17. How Does Biology Regulate the Activity of Proteases?

18. How Does Chemistry Block the Activity of Proteases?

19. Manipulating Proteases and their Inhibitors in the Laboratory

20. From Discovery or Design to Delivery: Drugs for Humans

21. From Discovery or Design to Delivery: Biotechnological Applications

22. Ethical Issues in Genetic Manipulation

23. Ethical Issues in Biotechnology

24. Brainstorming to Big Bucks: the Economics of Biotechnology

Formal Laboratories (Each will be proceeded by a formal laboratory lecture that relates the fundamental principles of the techniques to the experiments to be conducted):

1. Measuring the activity of a hydrolytic enzyme

2. Effects of temperature and pH on reaction rates: what do they tell you?

3. Stability of Proteins

4. Proteolytic Degradation of Proteins by Proteases

5. What Do Proteins Look Like: Computational Exploration of Protein Structures

6. How Do Proteases Enhance the Rates of Proteolysis?

7. How Many Proteins are there in a Typical Cell?

8. Different Types of Cells have Different Types of Proteins

Outside Seminar Speakers:

4 seminar speakers from major research universities will be invited to address issues related to the basic science and associated disease states of the topics covered by the course

One speaker will be invited to address basic ethical issues associated with biotechnology

One speaker will be invited to address issues related to economics of biotechnology start up etc

Project Areas:

Students will select a project from the following list of research topics [related to ongoing research topics in the Bell Research Laboratory.

Pest Proteases and Agri-Plant Protection

Tooth Enamel, Proteins and Bacteria

Proteases and Cell Death

Effects of Proteases on Complex Enzyme Systems

Protease Precursor Activation

Biological Protease Inhibitors

Petal Senescence and Proteases

Cell Differentiation and Protease Expression

Assignments and Evaluations:

During the course there will be two in class tests relating to the fundamentals of chemistry and biology and to their applications as presented in the course. Students will also be assessed on their formal laboratory work using both a laboratory note book and one formal write up of  the first six laboratories combined. Finally, students will be assessed on their oral and poster presentation skills using the presentations of the "project" phase of the laboratory component of the course. There will be a comprehensive final examination to assess the fundamentals of chemistry and biology presented throughout the course in the context of "Biochemistry in the Real World"

