BIO-372 “Microbiology” Course Syllabus (Spring Semester 2025)

Communicating

Please feel free to send me an email (john.mckinney@epfl.ch) if you have any questions or feedback for me.  Alternatively, you may post your question/feedback on the course’s online Forum.  Important: please be sure to include “BIO-372” in the Subject line of your email or forum posting; otherwise, I may overlook it.  Please be patient: I will do my best to respond to your queries within 24 hours, but I won’t always succeed (some days are busier than others…).

Teaching Assistant (TA)

The TA for the BIO-372 course is Mr. Enzo Gouliardon (enzo.gouliardon@epfl.ch).

Moodle Link

https://moodle.epfl.ch/course/view.php?id=407

Summary

This course will provide an introduction to fundamental concepts in microbiology.  We will connect these concepts to some of the basic engineering concepts that you have already learned in your earlier courses at EPFL.  Special emphasis will be given to the often surprising and counter-intuitive physical world inhabited by microorganisms.

This course is worth 4 ECTS credits.  At EPFL, 1 ECTS credit is loosely defined as 1 hour of “classwork” and 1 hour of “homework” per week for 14 weeks.  This definition is aligned with the Bologna Process.  Therefore, you should expect to devote 8 hours per week (112 hours total) to this course.  Note that there is no final exam.

Content

• The unexpected physics of being small
• Microbial cell structure, inside and outside
• Microscale forces and microbial form
• Transmembrane transport phenomena
• Biomechanics of microbial appendages
• Microbial motility and microscale fluid mechanics
• Microbial taxis - random walks and directed motion
• Global nutrient and redox cycles
• Microbial metabolic symbiosis
• Symmetry breaking in microbial differentiation
• Molecular noise and microbial individuality

Learning Prerequisites

Cycle propédeutique (semestres 1 et 2) and cycle bachelor (semestres 3 et 4) in Life Sciences Engineering.

Learning Outcomes

By the end of the course, the student should be able to:
• Explain how microscale forces shape the basic structure of microbial cells
• Explain the mechanics of non-Hookean biomaterials in microbial cell functions
• Explain how low Reynolds number fluid dynamics affect microbial motility
• Explain how low Péclet number transport phenomena affect microbial taxis
• Explain the selectivity of exchanges between microbes and their environments
• Explain the essential roles of microorganisms in global nutrient and redox cycling
• Explain the molecular and physiological bases of microbial metabolic symbioses
• Explain symmetry-breaking strategies involved in microbial differentiation
• Explain the role of molecular fluctuations in non-ergodic phenotypic variation
• Explain the logic of microbial genetic networks in basic engineering terms

Transversal skills

• Access and evaluate appropriate sources of information.
• Summarize an article or a technical report.
• Take responsibility for environmental impacts of your actions and decisions.
• Respect the rules of the institution in which you are working.
• Communicate effectively, being understood, across different languages and cultures.
• Use a work methodology appropriate to the task.
• Participate in group discussions in class and through an online forum.
• Evaluate and critique your own work using grading rubrics (self-evaluation).
• Evaluate and critique the work of your peers using grading rubrics (peer-evaluation).
• Work effectively, collaboratively, and collegially in small groups.
• Deliver an oral scientific presentation in front of your peers using A/V aides.
• Prepare and present a scientific presentation in the form of a poster or short video.

Teaching methods

Lectures.  Written exercises.  Self-evaluation.  Peer-evaluation.  Small-group miniprojects.  Oral presentation.  Poster session.

Expected student activities

Students will watch the lectures; participate in the exercise sessions; self-evaluate and peer-evaluate the exercises; prepare a miniproject as a member of a small self-selected working group; present the miniproject in an oral presentation and poster session.

Assessment methods

> My grading philosophy 

First, a few words about my grading philosophy.  As you know by now, not all concepts are created equal.  Some concepts are more important than others.  Your first goal should be to master the most important primary concepts covered in this course.  Your second goal should be to master the less important secondary concepts covered in this course.  In order to pass this course (grade of ≥ 4.0), you must master the primary concepts.  In order to achieve the highest possible grade (6.0), you must master both the primary and secondary concepts.  To achieve your best performance, you should collaborate as much as possible with your classmates.  All of our brains put together are far more creative and powerful than any one individual’s brain.  In this course, collaboration will help you, competition will not.  That’s because I do not grade “on a curve”.  If every student masters all of the concepts (primary and secondary), then every student will earn a 6.0.  If every student masters only the primary concepts, then every student will earn a passing grade (≥ 4.0).  If every student masters none of the concepts (primary or secondary), then every student will earn a failing grade.  None of these hypothetical “extreme” scenarios has ever actually happened, of course, but you get the idea…  

One more thing: my role and your role in distinguishing between primary and secondary concepts.  I will help you to distinguish between the “most important” primary concepts and the “less important” secondary concepts.  But remember: learning how to distinguish between the most important and less important concepts on your own is part of your job as an advanced student!  This is an essential “transversal skill” that you must master if you want to be successful in your chosen career.  When you are a professional engineer-scientist, there won’t be anyone standing by your side to tell you what is the most important and least important stuff in the data you collect, papers you read, lectures you attend, etc.; you will have to figure this out for yourself.  Best to start practicing now!

> Exams

There will be three written exams: on March 19th (week 5) for the material covered in weeks 1-3; on April 16th (week 9) for the material covered in weeks 5-7; on May 21st (week 13) for the material covered in weeks 9-11.  The exams will be in multiple-choice and short-essay formats, very similar to the written exercises.  I do not tolerate cheating on exams.  Anyone caught cheating on an exam will be asked to leave the examination room and will receive a grade of “1.0” for that exam.  

You may ask, “Why three exams instead of one final exam?”  Good question!  First, because studies have shown that taking exams at frequent intervals is a highly effective method to consolidate what you have learned and transfer that information from short-term memory to long-term memory.  In other words, exams can and should be an important component of the learning process, not just a method of assessing your learning.  Second, because early and frequent feedback is useful to help you assess your progress, tune your effort, and seek help if you need it.  Third, because it is stressful to have your entire grade depend on a single final exam after the course ends, which is not the most effective way to help you master the material or to help me assess what you have learned.  

Your answers on the exams may be written in French or English or both.  You will not be graded on grammar, spelling, penmanship, etc., but if I can’t read or understand what you have written then I can’t give you credit for your answers, so please do your best to write legibly and coherently.

Each exam will count for 20% of the final grade.  Taken together, the three exams will count for 60% of the final grade.  

> Exercises

There will be written exercises in multiple-choice and short-answer formats very similar to the questions in the exams.  Which means that doing the exercises diligently will be great practice for preparing for the exams!  Here’s the procedure.  Each week, following the lectures on Wednesdays (16:15-18:00), you will complete the written exercises to the best of your ability.  You will bring the completed exercises with you to the exercise session on the following Wednesday.  From about 14:15-14:50 you will self-grade your exercises using a grading rubric provided by me and posted on Moodle.  You will then exchange your self-graded exercises with a partner.  From about 14:50-15:25, you and your partner will grade each other’s exercises.  From about 15:25-16:00, you and your partner will discuss the grades that you assigned to your exercises.  There are no scheduled breaks during the exercise session but you can take a break whenever you like.  Please use the “standard” grading scale of 1.0 to 6.0, scaled in increments of 0.25 points, where anything ≥ 4.0 is a passing grade and anything < 4.0 is a failing grade.  Also, please provide separate grades for each of the exercises (usually two or three exercises per week).

Here’s the procedure for grading the exercises.  Each exercise is divided into five questions and each question is subdivided into two parts, for example:

1. Which shape has the lower ratio of surface area to volume (S/V ratio)?
|_| A. Shape (a).
|_| B. Shape (b).
|_| C. Shapes (a) and (b) have the same S/V ratio.
Explain your answer:

In example (1), the multiple-choice part (A-C) is worth 0.5 points and the part “Explain your answer” is worth 0.5 points. 

Let’s look at another example:

2. Imagine a cell culture growing exponentially with a doubling time of 2.00 hours. 
The culture’s growth rate constant is: _____
Show your work:

In example (2), the part “The culture’s growth rate constant is:” is worth 0.5 points and the part “Show your work:” is worth 0.5 points. 

There are five questions per exercise.  Each question is scored from 0.00 points (minimum) up to 1.00 point (maximum) in increments of 0.25 points (0.00, 0.25, 0.50, 0.75, or 1.00 points).  For each exercise, start with a base grade of 1.00 then add the total number of points earned for the five questions to compute the grade on a scale of 1.00 (minimum) to 6.00 (maximum) in increments of 0.25 points.  This procedure might sound complicated, but in practice it should make the grading process easier and more “objective” for you.

The teacher and the teaching assistant will attend the exercise sessions to answer any questions you may have.  You should hand in your self-graded and peer-graded exercises no later than the exercise session of the following week (Wednesday at 14:15), i.e., two weeks after the lectures on which the exercises are based, which should be plenty of time.  You may hand in a printed copy of your graded exercises or you may email them to the Teaching Assistant, Mr. Enzo Gouliardon (enzo.gouliardon@epfl.ch); again, please make sure you include “BIO-372” in the Subject line of your email.  To get the most benefit from this procedure, you and your partner should be honest and critical in discussing your reasons for assigning the grades that you did, and you should switch partners frequently (every week, ideally).  Maybe you are thinking, “What’s the point of such a peculiar grading procedure?”  Good question!  Answer: the purpose of this “peculiar” grading procedure is to consolidate your learning and to practice your skills in self-evaluation and peer-evaluation.  These are important “transversal skills” that will be extremely valuable to you no matter what career track you eventually choose in the future.  Fair-minded and critical self-review and peer-review are fundamental activities of scientific culture.  Best to start practicing now!

Self-evaluation and peer-evaluation should be honest and critical but also constructive and professional.  For the best learning outcomes, you should complete the exercises before you look at the grading rubric (!!!).  There is no motivation to cheat because the grades that you and your partner assign will not count towards your final grade.  Instead, you will be graded based solely on your diligence in completing the exercises, as follows:

6.0 You complete and submit the exercises for 9 out of 9 weeks (weeks 1-3, 5-7, 9-11).
5.5 You complete and submit the exercises for 8 out of 9 weeks.
5.0 You complete and submit the exercises for 7 out of 9 weeks.
4.5 You complete and submit the exercises for 6 out of 9 weeks.
4.0 You complete and submit the exercises for 5 out of 9 weeks.
3.5 You complete and submit the exercises for 4 out of 9 weeks.
3.0 You complete and submit the exercises for 3 out of 9 weeks.
2.5 You complete and submit the exercises for 2 out of 9 weeks.
2.0 You complete and submit the exercises for 1 out of 9 weeks.
1.0 You complete and submit the exercises for 0 out of 9 weeks.

Let’s be clear about the procedure.  If you complete, self-evaluate, peer-evaluate, and hand in all of the exercises (9 out of 9) on time, you will receive a “6.0” for this part of the assessment, even if you get all of the answers wrong!  The point is to make your “best effort” to do the work and to do it well.  You should be highly motivated to do your best work on the exercises because this is also the best way to prepare for the exams.  As the teacher, I reserve the right not to credit you for an exercise (or to give you only partial credit) if I think you did not make a “good faith” effort to do it well.  For example, simply writing your name on the page and handing it in with no work done will not earn you any credit for that exercise.

Your answers on the exercises may be written in French or English or both.  You will not be graded on grammar, spelling, penmanship, etc., but if I can’t read or understand what you have written then I can’t give you credit for your answers, so please do your best to write legibly and coherently.

Completion and submission of the written exercises on time will count for 20% of the final grade.

> Miniproject

Every student will contribute to a miniproject done in small teams of students on any microbiology-related topic selected by the team and approved by the teacher.  The output of the miniproject will comprise an oral presentation and a poster or some other audiovisual display (note: other formats must be pre-approved by the teacher) to be presented in class in a “wrap up session” at the end of the semester (week 14).  Grading will be based on the quality, depth, and creativity of the material presented as well as the presentation itself.  Working on this miniproject will not only give you the opportunity to learn more about a topic of your choice, it will also help you to develop another critical “transversal” skill: how to work effectively in a team.  This skill may include learning how to deal with the feeling that you are doing more than your “fair share” compared to your teammates.  Two things I will say about that.  First, this feeling may simply be mistaken because it is a universal human trait to overestimate our own contributions and to underestimate the contributions of our colleagues (subjectively speaking).  Second, even if this feeling is true (objectively speaking) and you are doing more than your “fair share” of the team work, you had better start getting used to it now because no matter what career track you choose you will almost certainly have to work in a team and you will almost certainly find, sometimes, that the workload is not distributed 100% equally between you and your colleagues.  Of course, if someone in your team is seriously negligent in contributing to the team’s work, you should inform me as soon as possible so I can take measures to correct the problem. 

The miniproject will count for 20% of the final grade.

> Online discussion forum

This course will include an online discussion forum on the course’s Moodle webpage.  If you do not know how to access and use Moodle, please let me know as soon as possible so I can help you.  Online discussions will be asynchronous, meaning you can log in and post your questions, responses, or other information whenever you like.  Like I said before: all of our brains put together are far more powerful than any one individual’s brain.  The online discussion forum is a terrific mechanism to pool our intelligence.  Sometimes you may be the person asking a question, and sometimes you may be the person answering a question.  Either way, you win.  If you ask a question, you will (hopefully) receive an illuminating answer.  If you answer a question, you will find that there’s no better way to consolidate your understanding of a topic than to teach it to someone else.  (And sometimes you may find, while you are trying to answer a question, that you don’t actually understand the topic as well as you thought you did!  This is also useful, for obvious reasons…) 

In addition to asking and answering questions related to the material covered in the course, I hope that you will occasionally post interesting information on the online discussion forum just for fun.  Topics for “just-for-fun” postings may include material derived from the course lectures, scientific journals, newspapers, online sources, or … just about anything, as long as the topic is relevant for the objectives of the course (broadly defined).  

It goes without saying (but I’ll say it anyway) that your postings should always be polite, collegial, and professional.

If you feel uncomfortable posting a question or comment on the Moodle forum under your own name, please email your question to me and I will post it, along with my answer, on the Moodle forum anonymously (i.e., with your name withheld).  Again, please be sure you put “BIO-372” in the Subject line of your email; otherwise I might overlook it and fail to respond.  Your postings on the Moodle forum (or your emails to me, if you would rather post anonymously) may be written in French or English or both.  

Contributions to the online discussion forum will not count as part of the final grade but contributing to the forum will help you learn more and earn a better grade.  Also, hopefully, it will make the course more interesting for everyone (including me).  Some of the postings by classes in previous years were super-interesting!

Textbook

Brock Biology of Microorganisms 15th Edition, by Madigan MT, Bender KS, Buckley DH, Sattley WM, and Stahl DA, published by Benjamin Cummings © 2018.

Library Resources

Brock Biology of Microorganisms / Madigan

Recommended Reading

Teach Yourself How to Learn: Strategies You Can Use to Ace Any Course at Any Level, by McGuire SY and McDaniel M, published by Stylus Publishing © 2018. 

I highly recommend this book by McGuire and McDaniel.  If you read the book carefully (it isn’t long, just 179 pages) and if you use the strategies that the authors describe, you will improve your grades not only in this course but in all of your other courses as well!  If you think that sounds like a good payoff for a modest investment of time, you’re right.
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