
BIOCHEM 301: 
INTRODUCTORY BIOCHEMISTRY I 

SPRING 2022 
 
 
 

 
  

Instructor: 
 

Brian E. Coggins, Ph.D. 
bec2@duke.edu 

 
Graduate Teaching Assistant (TA): 

 
 Alex Hofler Chi Wut (William) Wong 
 Nicchitta Lab Roper Lab 
 Departments of Cell Bio and Biochemistry Department of Pharmacology and Cancer Bio 
 alex.hofler@duke.edu chiwut.wong@duke.edu 

 
Undergraduate SAGE Peer Facilitators: 

 
 Yoni Eini Hailey Reisert 
 jonathan.eini@duke.edu hailey.reisert@duke.edu 
 
 Anjali Gupta Bea Schleupner 
 anjali.gupta378@duke.edu beatrice.schleupner@duke.edu 
 
 Lauren Miller Danah Younis 
 lauren.e.miller@duke.edu danah.younis@duke.edu 
 
 Peter Nam Hongyi Zhang 
 jiung.nam@duke.edu hongyi.zhang@duke.edu 

 
Course Meeting Times and Location: 

 
1:45-3:00 pm MWF 

111 Bio Sci 



BIOCHEM 301 SPRING 2022 SYLLABUS 2 

Welcome to Biochem 301!  The purpose of this class is to teach you how to apply the principles of 
chemistry to understand the functioning of biological systems, and to introduce you to some of the most 
important chemical systems in the human body.  The goal is to develop mental models of how these 
systems work, which will enable you to predict the behavior of the human body in various practical 
situations both of normal function and of disease.  It will also prepare you to study more biochemical 
systems in the future, whether more human biochemistry (i.e. in medical school) or the biochemistry of 
plants, microbes, or other animals. 
 
In the first third of the course, we will discuss how organisms are able to carry out organic chemical 
reactions efficiently, specifically, and under precise control.  In the remaining two thirds of the course, we 
will look at the particular sequences of reactions through which the human body obtains and utilizes 
energy, beginning our discussion with atomic-level principles and finishing with eating, exercise, nutrition, 
and diabetes. 
 
 
PREREQUISITES 
 
Chemistry:  The only formal prerequisite is two semesters of organic chemistry; while we are not 
concerned with techniques for organic synthesis, it is important that you be familiar with the principles of 
organic reaction mechanisms and the chemistry of common functional groups.  It is assumed that you are 
familiar with general chemistry, especially basic thermodynamics and kinetics, but most of this material will 
be reviewed. 
 
Biology:  It is also assumed that you have some familiarity with basic cellular and molecular biology; if you 
have not had a course in that area, you will probably be OK, but may need to do some outside reading to fill 
in gaps in your knowledge. 
 
Need to brush up on any of these topics?  The instructor would be happy to recommend books. 
 
 
COURSE STRUCTURE 
 
Class Meetings:  The class will meet Mondays, Wednesdays, and Fridays from 1:45 to 3:00 pm.  A 
significant part of class time will be lecture, but many class sessions will also include interactive discussion, 
and some class meetings will likely be entirely discussion.  In some circumstances, class meetings may 
include student presentations.  Class attendance and class participation are not graded, but are very 
strongly recommended.  Some extra credit opportunities will require class attendance and 
participation. 
 
A few class days may be designated (by advance announcement to the class) as optional days featuring extra 
material presented by the TA.  Any material presented on such days will be purely FYI and you are not 
responsible for learning it.  These sessions will likely explore applications of the material to clinical 
medicine or daily life, or interesting connections to areas of current research. 
 
Remote Class Access:  For the benefit of students who are exposed to COVID and placed in isolation, it 
will be possible to connect to class sessions remotely on Zoom.  See the “Zoom Meetings” tab in Sakai. 
 
Class Recordings:  Class meetings will be recorded in Zoom and made available in the Panopto tab of 
Sakai.  The primary purpose of this is to give you the ability to go back and re-watch some or all of a lecture 
or discussion that you originally attended in person.  Note that the great temptation of recorded classes is the 
temptation to put them off until later, and thereby to fall behind.  Please do not allow yourself to fall victim to 
this! 
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Lecture Slides:  Lecture materials will be presented using PowerPoint.  Copies of the PowerPoint slides for 
each day’s lecture will be made available through the course website in advance of the lecture.  Note that the 
slides are mainly illustrations to support the lecture, and it will not always be possible to understand the 
content from the slides alone.  It is therefore essential to attend or watch recordings of the classes. 
 
Lecture Calendar:  The attached calendar shows the intended topics for each day.  These are subject to 
change, however, depending on how the course progresses.  Periodic announcements may be made 
regarding class meetings that will be devoted to discussion, student presentations, and/or TA presentations.  
 
 
COURSE RESOURCES 
 
Optional Small-Group Discussions with SAGE Learning Communities:  For those who are interested, we 
will be organizing small discussion groups in conjunction with the Academic Resource Center’s STEM 
Advancement Through Group Education (SAGE) program.  These learning communities will meet weekly 
with an undergrad peer facilitator.  These sessions will involve content review and problem solving and will 
be designed to help you (1) gain a strong understanding of the concepts, (2) identify patterns and 
connections across the course material, (3) learn how to analyze biochemical scenarios and problems 
effectively, (4) learn how to explain biochemical ideas clearly, and (5) develop the best strategies for 
studying. 
 
Students will have the opportunity to sign up for SAGE learning communities during the first two weeks of 
class.  Meetings will be scheduled at mutually convenient times. 
 
As an additional incentive for participation, a small amount of extra credit will be awarded for some activities 
and projects arising out of the SAGE learning communities. 
 
Course Website:  We will use Sakai for the posting of announcements, lecture notes/slides, practice 
problems, course documents, supplementary reading, and grades, for weekly electronic quizzes, and for 
accessing class recordings.  It is recommended that students check the website each class day for updates 
that may have been posted or enable automatic email notifications from Sakai. 
 
Course Discussion Forum:  We will be using Duke’s new Sakai Conversations, accessible through Sakai, as 
an online course discussion forum.  When you have questions about course content or problem sets, please 
use the forum instead of emailing these to the course instructor or TAs—by posting on the forum, other 
students can benefit from seeing your question and discuss how to answer it.  The instructors will be 
monitoring the forum regularly and will write answers, but we strongly encourage you to consider 
answering other students’ questions.  A small amount of extra credit may be awarded to students who 
participate in forum discussions either by posting questions or by posting answers (depending on whether 
Sakai Conversations is upgraded this semester to provide the necessary statistics). 
 
Practice Problems:  Practice problems will be made available from time to time to give you the chance to 
test your understanding.  These are purely optional.  Answer keys will be provided. 
 
Sample Exams:  Exams and answer keys from previous semesters will be posted for use in your exam 
preparation.  The sample exams for Midterm 1 will be posted as soon as the last material for Midterm 1 has 
been covered; those for Midterm 2 will be posted as soon as the last material for Midterm 2 has been 
covered; and those for the final exam will be posted immediately after the last lecture of the semester. 
 
Optional Textbook:   
 
The following book is suggested as a possible reference book if you would like an additional resource: 

Nelson, D.L. and Cox, M.M.  Lehninger Principles of Biochemistry.  New York:  W.H. Freeman and Co., 
2005.  4th, 5th, 6th, or 7th ed. 
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Unlike in many other classes, you will not regularly have reading assignments to complete before class, and 
when you do have required reading assignments, they will be hand-outs from the instructor rather than 
assignments in the textbook. The purpose of the optional textbook would instead be to provide additional 
information and context on topics after they have been covered in lecture, to help you find information if 
you miss a lecture, to serve as references for the large amount of information to be covered, and to provide 
a second voice in case the in-class presentations don’t make sense. 
 
Office Hours:  The instructor and the graduate TA will be available for scheduled office hours each week.  
The instructor’s regular office hours are immediately following class each day (generally as long as needed 
to answer all student questions) and by appointment at other times.  Times for TA office hours will be 
announced on Sakai.  If you cannot attend scheduled office hours please contact the TA or the instructor to 
arrange alternative times.  We strongly encourage the use of the course forum for asking and answering 
questions about the course material, and the instructor will be answering questions on the forum at least 
once each day (M-F) and typically multiple times per day during exam weeks. 
 
Tutors:  For those who need more help than the instructor and TA can reasonably supply at scheduled 
office hours, the department maintains a list of senior graduate students and postdoctoral fellows who can 
be hired privately as tutors.  Please contact Amy Norfleet (norfleet@duke.edu) in the Department of 
Biochemistry Graduate Studies Office for more information. 
 
 
ASSESSMENTS AND GRADES 
 
Exams:  Two 75-minute midterm exams and one three-hour final exam will be administered as indicated 
on the course schedule. 
 
The final exam will be weighted towards the last third of the course, but you will be responsible for earlier 
material that connects to or is foundational for the material at the end of the course. 
 
Quizzes:  Online quizzes will be conducted via Sakai, as noted on the detailed course schedule.  These will 
test on lecture material from the previous week or two and from the current practice problems and 
discussion questions.  Unless otherwise indicated, quizzes will generally be posted each Monday afternoon 
and will be due by 2 AM Wednesday morning (i.e. Tuesday night).  Quizzes are open-book, and you may 
discuss—in person, on the course forum, and at office hours—the concepts with your peers.  However, you 
should work out your own answers to the specific questions asked, and providing answers to the specific 
quiz questions is not permitted while the quiz is open. 
   
Grading:  The final grade will be determined as follows: 
 
 Midterm Exam 1 25% 
 Midterm Exam 2 25% 
 Final Exam 35% 
 Online Quizzes 15% 
 
In calculating the quiz average, the lowest quiz grade will be dropped.  Note that some classes allow 
midterm grades to be replaced by the final exam, but that is not the policy of this course. 
 
The assignment of final letter grades will be based on the distribution of numeric grades, according to the 
following general criteria:  “A” grades will be awarded for excellent performance and near complete mastery 
of the material, “B” grades for a solid understanding and generally good achievement, “C” grades for weak 
but acceptable performance, “D” grades for poor performance and a degree of understanding that is so 
weak as to be considered generally unacceptable, and “F” grades for a total or almost total lack of 
understanding or a failure to attempt the exams. 
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In practice, this must be translated into numeric cutoffs.  The following traditional cutoffs have been found 
to work well for separating excellent, solid, weak, poor, and failing performance, and will be used in this 
class: 90-100 = A (subdivided as 96.5-100.0 = A+, 92.5-96.4 = A, 89.5-92.4 = A–), 80-90 = B (subdivided as 
86.5-89.5 = B+, 82.5-86.4 = B, 79.5-82.4 = B–), etc. 
 
 
ASSESSMENT-RELATED POLICIES 
 
Disabilities Accommodations for Exams:  This class will use the Testing Center to provide testing 
accommodations to undergraduates registered with and approved by the Student Disability Access Office 
(SDAO).  Students seeking accommodations for testing are responsible for registering with SDAO and 
making individual appointments with the Testing Center according to the Testing Center policies.  Note 
that testing appointments at the Testing Center must be concurrent with the in-class administration of the 
exam. 
 
Information from the Testing Center:  “The center operates by appointment only and appointments must be 
made at least 7 consecutive days in advance, but please schedule your appointments as far in advance as 
possible.  You will not be able to make an appointment until you have submitted a Semester Request with the 
SDAO and it has been approved.  So, if you will be requesting have not done so already, promptly submit a 
Semester Request to the SDAO in order to make your appointment in time.  For instructions on how to 
register with SDAO, visit their website at https://access.duke.edu/requests.  For instructions on how to make 
an appointment at the Testing Center, visit their website at https://testingcenter.duke.edu.” 
 
Absences from Exams:  Absences from exams are automatically excused if the student is representing the 
University on official business (provided sufficient advance notice was given to the instructor), in cases of 
extreme health or family emergencies (normally requiring approval by an academic dean), and for 
incapacitating short-term illness (as reported through the Trinity College online system).  Absences for 
other purposes, such as family events or medical school interviews, may be approved at the instructor’s 
discretion if notified sufficiently far in advance. 
 
Make-up midterm exams for excused absences are only possible for absences planned and approved well in 
advance of the exam date, and may be offered in such cases at the instructor’s discretion.  Make-up midterm 
exams are not offered after the rest of the class has taken the exam, which means they are not available for 
students who miss an exam due to illness.  If a make-up midterm exam is offered, it may be different from 
the exam given to the rest of the class. 
 
Make-up final exams before the rest of the class has taken the exam are possible for absences that are 
planned and approved well in advance.  Make-up final exams after the rest of the class has taken the exam 
are possible only (1) if a student has three final exams in a 24-hour period, and requests an adjustment from 
the Registrar, and (2) in cases of extreme illness or family emergencies, which under Duke policy must be 
approved by an academic dean.  If a make-up final exam is offered, it may be different from the exam given 
to the rest of the class. 
 
When an absence is excused but no make-up exam is offered, the student’s average will be calculated by 
omitting that exam and increasing the weighting of all other assignments proportionally.  Missing one 
midterm, for example, would increase the weighting of the other midterm to 25%/75% = 33.3%, of the final 
exam to 35%/75% = 46.7%, and of the quizzes to 15%/75% = 20%.   
 
Students who miss an exam without a valid excuse will receive a zero.  If you know you will need to miss an 
exam for any reason, it is strongly recommend that you contact the instructor in advance to discuss the 
absence and to determine how it will be handled. 
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Except under extreme circumstances, it is assumed that students will be able to complete the online quizzes 
as scheduled. 
 
Midterm Exam Regrades: Exams will be graded in the Gradescope online platform, and regrade requests 
for midterm exams may be submitted through Gradescope.  For each exam, a regrade deadline will be 
posted on Sakai, and you must submit your request by that date and time, or it will not be considered.  
While the instructor will most likely focus only on the questions where you have raised concerns, the 
instructor reserves the right to regrade any part of the exam that is found in error. 
 
Because all student exams are stored in Gradescope along with records of how they were graded, it is 
occasionally the case that the regrade process uncovers systematic grading errors affecting many students’ 
grades.  In these cases, it is possible that regrades will result in changes to the grades of other students who 
did not ask for a regrade.  In the interest of fairness and consistency, any systematic grading errors 
encountered during regrades will be corrected, and affected students will be notified that their grades 
changed. 
 
Final Exam Regrades: For the final exam, regrades through Gradescope will not be offered.  Instead, a 
student who wishes for the exam to be regraded may request a regrade of the entire exam from the 
instructor by a deadline that will be announced.  The instructor will regrade the entire exam, correcting all 
grading errors, and will adjust the student’s final letter grade if appropriate. 
 
Academic Integrity:  Students are expected to comply with the Duke Community Standard at all times, as 
well as with the directions given regarding which assignments may be discussed with whom, and which 
work must be one’s own.  If you have a question about what is allowed and what is not, please ask, as we 
would not want any misunderstanding to become a problem.  Cheating or unauthorized collaboration will 
NOT be tolerated. 
 
 
HOW TO LEARN BIOCHEMISTRY 
 
This course is concerned with two main types of learning: (1) understanding foundational principles, and 
(2) developing mental models of biochemical systems. 
 
Understanding Principles:  We will encounter many principles of biochemistry during this semester.  
Frequently, these will be explained or defined explicitly in lecture—but how does one master them? 
 
The best way to understand a principle is to practice explaining it, identifying it, and applying it.  This 
means practicing explaining the principle in one’s own words, until one can explain it in a way that makes 
sense to oneself and that is accurate.  This means looking for cases in which the principle is at work among 
the examples presented in class or in the problems, and explaining in one’s own words how the principle 
applies in each case.  This also means practicing the application of the principle to new examples.  To 
master a principle fully, one must look for the nuances and subtleties of how it is applied.  This means 
reviewing as many examples as possible and identifying what they have in common and what is different 
between them.  It involves thinking through each aspect of an example case and asking oneself why it 
occurs the way it does. 
 
In learning principles, practice is much more helpful than memorization.  It isn’t usually very helpful to 
memorize a principle’s definition, but rather to be able to explain it in one’s own words.  It isn’t usually 
helpful to memorize examples, but rather to be able to apply the principle to new cases. 
 
When one feels pretty confident in a principle, it is a good idea to test oneself.  Try working through 
problems and sample exams without an answer key.  Write complete answers, exactly as if it were a test.  
Consider asking a classmate to grade your answer and identify anything that is missing.  Then, be sure to 
follow up on any topics where your understanding was weak. 
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Developing Mental Models of Biochemical Systems:  A “mental model” means a mental understanding of 
the parts of a system and how they work together.  Building a mental model means knowing what the parts 
are, what they are called, and how they are structured—and for that reason there can be a significant 
element of memorization to it.  But the goal isn’t just to be able to recite the parts list; the goal is to 
understand what the parts do and how they work together to achieve the overall function of the system.  
One may also need to understand how the parts can break and how that would affect the rest of the system. 
 
To build a mental model, it will be necessary to learn the components of the system.  One way to do this is 
to learn the structures and names of the components in isolation from each other.  However, most people 
find it much easier to learn the parts in the context of their functions.  A great way to do this is to talk 
through the operation of a system as if one is telling a story. 
 
A way of strengthening one’s mental model of a system is to look for similarities and differences across the 
parts of a system.  This will help one to identify and understand patterns and principles, and these patterns 
and principles will in turn allow one to fill in gaps in one’s model of the system, and to predict the 
functioning of similar systems one might encounter in the future. 
 
The next step in understanding a system is to begin to think about the ways a system can be perturbed, 
altered, or broken, and the implications of those changes.  This requires a thorough knowledge of the 
components and a strong understanding of the principles of how they work. 
 
Testing oneself is an important part of the process of developing mental models of biochemical systems.  
One kind of self-test is to see whether one can talk through the whole process of how the system works—if 
one can’t, one needs to study it further.  The next self-test is to attempt problems requiring one to analyze 
the system, for example to explain its parts and their functions, to explain how a general principle applies to 
the system, or to explain instances where the system does not fit standard patterns.  Comparing and 
contrasting systems to identify their similarities and differences—and then using your knowledge of 
chemical and biochemical principles to try to rationalize those similarities and differences—is another great 
tool to improve understanding.  Once again, working through problems and sample tests (without answer 
keys) and asking classmates to help grade one’s answers can be valuable ways to self-test.  One should then 
follow up on any weak areas. 
 
This learning process can be challenging the first time around.  However, most students find that it 
becomes dramatically easier after the first time—the learning process teaches one how to think about 
biochemical systems, and that makes it substantially easier to learn new systems. 
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Date Topics 
 
W 5 Jan Introduction; Thermodynamics and Other Review (no quiz 
F 7  Thermodynamics and Other Review this week) 
 
M 10  Thermodynamics and Other Review 
W 12  Amino Acids Quiz 1 opens 
F 14  Amino Acids Quiz 1 due 
 
M 17  (Martin Luther King, Jr. holiday—no class) 
W 19  Protein Structure and Biophysics Quiz 2 opens 
F 21  Protein Structure and Biophysics Quiz 2 due 
 
M 24  Protein Structure and Biophysics  
W 26  Enzymes: General Principles of Enzymatic Catalysis Quiz 3 opens 
F 28  Enzymes: Examples of Enzymatic Reaction Mechanisms Quiz 3 due 
 
M 31  Enzymes: Examples of Enzymatic Reaction Mechanisms  
W 2 Feb Enzymes: Examples of Enzymatic Reaction Mechanisms Quiz 4 opens 
F 4  Enzymes: Kinetics Quiz 4 due 
 
M 7  Enzymes: Kinetics (no quiz 
W 9  Allostery and Cooperativity this week) 
F 11  Inhibitors  
 
M 14  Redox Quiz 5 opens 
W 16  Overview of Human Metabolism Quiz 5 due 
F 18  Exam 1 
 
M 21  Glycolysis Quiz 6 opens 
W 23  Glycolysis Quiz 6 due 
F 25  Krebs Cycle  
 
M 28  Krebs Cycle Quiz 7 opens 
W 2 Mar Oxidative Phosphorylation Quiz 7 due 
F 4  Oxidative Phosphorylation  
 
M 7  (Spring Break—no classes) (no quiz 
W 9  (Spring Break—no classes) this week) 
F 11  (Spring Break—no classes) 
 
M 14  Oxidative Phosphorylation Quiz 8 opens 
W 16  Regulation of Glucose Oxidation Quiz 8 due 
F 18  Regulation of Glucose Oxidation  
 
M 21  More Sugar Pathways Quiz 9 opens 
W 23  Oxidative Stress and Reactive Oxygen Species Quiz 9 due 
F 25  Biochemistry of Beer and Brewing  
 
 



 

M 28  Fatty Acid Metabolism Quiz 10 opens 
W 30  Fatty Acid Metabolism Quiz 10 due 
F 1 Apr Exam 2  
 
M 4  Fatty Acid Metabolism  
W 6  Amino Acid Metabolism Quiz 11 opens 
F 8  Amino Acid Metabolism Quiz 11 due 
 
M 11  Amino Acid Metabolism (no quiz 
W 13  Anaplerosis/Cataplerosis; Ketone Bodies this week) 
F 15  Human Physiology: Eating and Nutrition  
 
M 18  Human Physiology: Eating and Nutrition Quiz 12 opens 
W 20  Human Physiology: Exercise, Diabetes Quiz 12 due 
 
   
Tu 26  Final Exam, 9:00 am to noon 
 
 
 


