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 SEQ CHAPTER \h \r 1Fundamentals of Biochemical Engineering
Instructor:

Dr. Gilcrease







C306












394-1239



Patrick.Gilcrease@sdsmt.edu



Lecture times:
MWF 10:00-10:50 am, C304

Office hours:

MWF 11:00 am – 12:00 pm or by appointment

Prerequisites:

CHE 343 and BIOL 231/341

Text:  


Bioprocess Engineering, 2nd edition by Michael Shuler and Fikret Kargi




Prentice Hall 2002

Supplemental:
Biochemical Engineering Fundamentals by James Bailey and David Ollis




2nd edition, 1986, McGraw-Hill




Biochemical Engineering by James M. Lee.  EBook Version 2.1, 2002.

Brock Biology of Microorganisms, 10th edition by Michael Madigan, John Martinko, and Jack Parker, 2000, Prentice Hall

Microbiology, 5th edition by L. Prescott, J. Harley, and D. Klein.  2002, McGraw-Hill

Goals:


1.
Develop a basic understanding of biological principles, as needed for bioprocesses.

2.
Understand enzyme synthesis, structure and function.  Learn the basic enzyme kinetic models, and be able to experimentally derive their rate parameters. 

3.
Understand the fundamentals of cell metabolism and growth.  Examine basic expressions for cell growth kinetics.

4.
Apply enzyme/cell kinetic expressions towards the modeling and design of various bioreactor systems.

5.
Examine mass transfer issues associated with substrate supply and/or product recovery.
6.
Understand roles of biochemical engineers in Biotechnology.

Importance: Biotechnology is an important growth field, with applications in the food, pharmaceutical, medical, chemical, and environmental industries.   Sound chemical engineering is essential for the efficient and economical scale-up of biological systems. 

Class attendance:  Lecture attendance is strongly encouraged.  Class begins at 10:00 am sharp - be on time.  If you miss an exam, you must have an excused absence (note from physician, prior arrangement, etc.) to make it up.  Except for emergencies, excused absences need to be cleared with me beforehand (phone or email).  Unexcused absences will receive a zero grade.

Homework:  Homework/take-home assignments will be assigned throughout the semester.  This may include reactor modeling problems requiring computer solutions.  Homework assignments (including computer projects) are to be completed and turned in on time - late assignments will not be accepted and will receive a zero score.  Homework solutions will be posted.  Homework should be written in a neat, organized manner - document your steps, show all units, and box your final answers.  Consultation with classmates is normally acceptable, but you are responsible for understanding the material you turn in.

Short quizzes: 10 to 15 minute quizzes will be given in class throughout the semester.  These will normally be announced ahead of time, and will emphasize the reading and lecture material.

Exams:  There will be two hour exams plus a final exam.  Exams will usually include a closed book and an open book section.

Semester Projects (CHE 584 only):  Each student will choose a topic related to the course and use the library and other resources to learn more about the project.  This research will culminate in (1) a presentation covering this topic (about 20 minutes) and (2) a paper (15 to 20 pages double-spaced) on the same topic.  The choice of topic will be made by the student but must be approved by the instructor.  Deadlines for topic choice, outline of paper, and final paper will be provided.  Progress reports for this project will consist of relevant journal article reviews/summaries.

Field trip:
A mandatory field trip to tour bioprocessing facilities will be arranged early in the semester.  If you are unable to attend, you will be asked to perform an extra assignment.

Grading:


For CHE 584





For CHE 484
Hour exams



30%

Hour exams



35%

Final exam



20%

Final exam



20%

Homework and computer projects
20%

Homework & computer projects
30%

Short quizzes



10%

Short quizzes



10%

Semester papers (written and oral)
20%

Field trip



5%
TOTAL



100%

TOTAL



100%

Grading scale:
90-100

A




80-89

B




70-79

C




60-69

D




below 60
F

This grading scale is guaranteed - I may curve down, but I will not curve up from this scale.

Expected outcomes:
1.
Students will be able to communicate with microbiologists and biochemists about the fundamental properties of microorganisms, enzymes, and other biological molecules.

2.
Given a list of the fundamental characteristics of a microorganism, students will be able to design a fermentation environment such that desired products are produced.

3.
Students will be able to apply chemical engineering material and energy balances towards the modeling of enzyme reactors/fermentors.

4.
Students will be able to apply chemical engineering kinetics and reactor design principles to the design and optimization of various enzyme/microbial reactors/fermentors.

5. Students will be able to apply chemical engineering mass transfer principles to predict oxygen transfer rates as well as nutrient transport rates through biofilms.

Freedom in learning.  Students are responsible for learning the content of any course of study in which they are enrolled. Under Board of Regents and University policy, student academic performance shall be evaluated solely on an academic basis and students should be free to take reasoned exception to the data or views offered in any course of study. Students who believe that an academic evaluation is unrelated to academic standards but is related instead to judgment of their personal opinion or conduct should contact the dean of the college which offers the class to initiate a review of the evaluation. 
Special needs:  Students with special needs or requiring special accommodations should contact Dr. Patrick Gilcrease [Patrick.Gilcrease@sdsmt.edu or (605) 394-1239] and/or the campus ADA coordinator, Ms. Jolie McCoy, 394-1924 at the earliest opportunity.


Tentative schedule:
	Topic
	# of lectures
	S&K chapter
	Dates

	Introduction
	1
	1
	1/15

	Properties of microbes & biological molecules I
	3
	2
	1/20-1/25

	Kinetics of cell growth
	2
	6
	1/27-1/29

	Quantifying cell growth
	2
	6
	2/1-2/3

	Substrate-cell stoichiometry
	2
	6 and 7
	2/5-2/8

	Batch and CSTR fermentor modeling 
	2
	6
	2/10-2/12

	Microbial nutrition and environment
	2
	2
	2/17-2/19

	Exam 1
	1
	
	2/22

	Metabolic pathways and their regulation I
	2
	4 and 5
	2/24-2/26

	Field trip
	1
	
	2/28-3/2

	Metabolic pathways and their regulation II
	1
	4 and 5
	3/3

	Kinetics of enzyme catalyzed reactions I
	1
	3
	3/5

	Spring Break
	
	
	3/8-3/12

	Kinetics of enzyme catalyzed reactions II
	3
	3
	3/15-3/19

	PFR reactor design/modeling
	1
	
	3/22

	Fed-batch reactors
	2
	9
	3/24-3/26

	Oxygen transfer in stirred tank fermentors
	1
	10
	3/29

	Exam 2
	1
	
	3/31

	Easter break
	
	
	4/2-4/5

	Fermentor scale up
	2
	10
	4/7-4/9

	Chemostat with cell recycle
	2
	
	4/12-4/14

	Immobilized cell reactors
	1
	9
	4/16

	Sterilization and heat transfer
	2
	10
	4/19-4/21

	Wastewater treatment
	2
	
	4/23-4/26

	CHE 584 presentations
	2
	
	4/28-4/30


Final exam May 3rd, 8:00 to 9:50 am.





