
CHEM 372 
 

Bioorganic Chemistry 
 
Goals: 
 
 Biochemistry is the study of the variety of chemical structures and chemical reactions that occur 
in living organisms.  In order to truly understand the detailed mechanisms of these diverse reactions, 
one must assimilate aspects of organic chemistry, inorganic chemistry, and physical chemistry and 
apply these chemical principles to the complex structural environment presented by natural proteins, 
nucleotides, and membranes. 
 
 The goal of this course is to learn about general aspects of biochemical pathways from the 
perspective of the chemical principles and chemical reactions.  We will cover: 
 

1. Biochemical structures. We will study detailed aspects of the three-dimensional structure of 
proteins, and how this translates into differences in the function of these proteins. 

 
2. Energy metabolism. Biological systems use sugars and fatty acids to store energy.  We will 

learn how this chemical energy is carefully harvested through stepwise oxidation, electron 
capture, proton and ion gradients, and conversion to mechanical energy. In addition, we will 
explore the thermodynamics of electron transport, proton pumping, and ATP biosynthesis. 

 
3. Molecular biosynthesis. Most organisms can biosynthesize amino acids, lipids, nucleotides, 

vitamins, and cofactors using a host of complex enzymes that demonstrate fundamental 
chemical principles.  By contrasting specific enzymes that use organic and inorganic catalytic 
cofactors, we can illustrate these catalytic principles while learning important pathways. 

 
4. Frontiers in biochemistry. Current research in biochemistry focuses on understanding complex 

biochemical environments, such as the human brain (neurochemistry) or the control of gene 
expression in eukaryotic cells (genomics and proteomics).  The growth of microorganisms in 
extreme environments using complex metalloenzymes will also be examined. 

 
 

 This course is intended to provide a solid background in the fundamental chemistry of biological 
systems in preparation for a career in biochemical research or for future graduate study in chemistry or 
biochemistry.  This course fulfills the biochemistry requirement for an American Chemical Society 
certified Bachelors of Science in Chemistry, however, BIOC 441 and BIOL 402 also fulfill that 
requirement, so you don’t have to take more than one of these 3 courses.   
 
 This course is NOT intended to prepare students for the health professions or for professional 
school admissions exams (MCAT, PCAT, DAT, etc.); although it may suffice for that purpose, there is no 
attempt to cover the full range of topics that will be found on those exams.  Only BIOC 441 and BIOL 
402 fulfill the medical school requirement for 4 credits of biochemistry. 
 



 
Professor:  Joseph Jarrett 

Bilger 245 
jtj@hawaii.edu 
956-6721 

Lectures 
Tues & Thurs 
10:30 – 11:45 am 
Bilger 335 

Office Hours 
Mon 
11 am – 12 pm 
(or email for an appt) 

    
 
Text: The Organic Chemistry of Biological Pathways,  
 Authors: John E. McMurry and Tadhg P. Begley 
 Publisher: Roberts and Company Publishers, Englewood, CO 

This course will cover Chapters 1 – 6 of the textbook in order. 
UH Bookstore:  $100 new, $76 used. 
Amazon:  $50-80 (plus shipping) 
 
Some lecture material will be taken from Organic Chemistry with Biological 
Applications, John E. McMurry, CENGAGE.  Additional material will be taken from 
Fundamentals of Biochemistry, Voet, Voet, and Pratt, Wiley. 
Handouts of the slides will be made available on Laulima.  In addition, handouts 
and review articles will be provided in class for topics not covered in the text. 

  
Lectures: •The class will be divided into 6 blocks with 4-5 lectures per block. 
 •Most lectures will be based on the textbook. 
 •In each block, at least one lecture will cover a journal article or review.  The intent 

is to familiarize you with reading and critically evaluating scientific papers. 
 
Homework: •Reading assignments will be given prior to each lecture. 
 •You are responsible for everything in the reading, even if it is not covered in 

lecture. 
 •On weeks with no exam, there will be a take home problem set or a quiz.  You will 

get credit for a reasonable attempt at each problem, even if some details are 
wrong.  We will go over the correct answers in class. 

 
Grading: •Quizzes and homework worth 20 % total. 
 •Three midterm exams each worth 20 % of the final grade 
 •Final exam worth 20 % of the final grade. 
 
Student Learning Outcomes: 

1. Students can describe the basic elements of amino acid, peptide, and protein 
structure. 

2. Students can explain the common features of enzyme catalysts, and some of 
the basic methods used in studying enzyme function. 

3. Students can outline the basic metabolic pathways for carbohydrate 
metabolism, amino acid biosynthesis and breakdown, fatty acid/lipid production 
and breakdown, and nucleotide biosynthesis and degradation. 

4. Students can describe fundamental chemical mechanisms for each of the major 
types of chemical reactions observed in biochemistry, including at least one 
specific example for each. 

5. Students can use research databases, journal articles, and reviews to learn 
more about modern topics in bioorganic chemistry. 

 
 



 
Lec # Date Topic Reading 

 1 Biochemical Structure  
 08/27 Introduction  

1 08/29 Common chemical mechanisms Ch 1 (pp 1 – 36) 

2 09/03 Biomolecules:  Lipids & Carbohydrates Ch 2 (pp 43 – 62) 

3 09/05 Biomolecules:  Amino acids, proteins, 
nucleotides, enzymes & coenzymes 

Ch 2 (pp 63 – 85) 

 9/10 Quiz #1 – Biomolecules structures  
4 09/10 Protein and enzyme structure handout 

5 09/12 General enzyme mechanisms, enzyme 
kinetics, enzyme assays 

handout 

 9/12 Homework #1 – Enzymes  

 2 Lipid Metabolism  

6 09/17 Fatty acid degradation: di- and triglycerides, 
lipase mechanism, fate of glycerol 

Ch. 3 (pp 93 – 106) 

7 09/19 Fatty acid degradation: fatty acid β-oxidation Ch. 3 (pp 106 – 115) 

 9/24 Quiz #2 – Fatty acid catabolism  
8 09/24 Fatty acid biosynthesis Ch. 3 (pp 115 – 124) 

9 09/26 Ketone bodies, terpenoids, and steroids Ch. 3 (pp 125 – 153) & handout 

 10/01 Homework #2 – Fatty acid/lipid biosynth  
10 10/01 Polyketide natural products: erythromycin Ch. 7 (pp 369 – 378) 

 10/03 Exam 1  

 3 Carbohydrates and energy  
11 10/08 Glycolysis. Ch. 4 (162 – 178) 

12 10/10 Pyruvate and thiamine-dependent enzymes 
 

Ch. 4 (178 – 185) & handout 

 10/15 Quiz #3 – Glycolysis  
13 10/15 The citric acid cycle (TCA cycle) Ch. 4 (185 – 193) 

14 10/17 Gluconeogenesis & Pentose P Pathway Ch. 4 (193 – 211) 



 
15 10/22 Photosynthesis: the Calvin cycle Ch. 4 (211 – 215) & handout 

 10/24 Exam 2  

 4 Amino Acid Biochemistry  
16 10/29 Nitrogen recycling, excretion, and the urea 

cycle 
Ch. 5 (pp 222 – 232) 

17 10/31 Mechanisms of pyridoxal phosphate enzymes 
 

Handout 

 11/05 Quiz #4 – The Urea Cycle  
18 11/05 Amino acid carbon chain degradation: the 

“simple” glucogenic amino acids 
Ch. 5 (pp. 232 – 252) 

19 11/07 Amino acid carbon chain degradation: a few 
selected ketogenic amino acids 

Ch. 5 (pp 253 – 271) 

 11/12 Homework #3 – amino acid catabolism  
20 11/12 Amino acid biosynthesis: selected examples Ch. 5 (pp 271 – 296) 

21 11/14 Amino acid biosynthesis: selected examples  

 11/19 Homework #4 – amino acid biosynthesis  
22 11/19 Phenylalanine and tyrosine and their role in 

human health 
handouts 

23 11/21 Penicillin biosynthesis: an example of an 
amino acid derived natural product 

Ch. 7 (pp 342 – 352) & handout 

 11/26 Exam 3  

 5 Nucleotide Biochemistry  
22 12/03 Nucleotide catabolism and recycling. Ch. 6 (306 – 312) & handout 

23 12/05 Purine and Pyrimidine biosynthesis Ch. 6 (313 – 327) 

 12/10 Homework #5 – nucleotides  
24 12/10 Deoxyribonucleotide biosynthesis Ch. 6 (327 – 331) 

25 12/12 Drug discovery and medicinal chemistry:  
inhibitors of nucleotide metabolism as 
antitumor agents 

handouts 

 

 
12/19 Cumulative Final Exam. 9:45 am – 11:45 am 

 


