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Abstract

The goal of this article is to describe an active learning exercise that can be used in a variety of advanced microbiology
courses, including bacterial physiology, ecology, or systems biology. The gut microbiome is a multi-species bacterial
community that is impacted by outside factors, such as the food we consume or treatments with antibiotics, and impacts
our health. In this active learning experience; students start with a simple ‘pasta’ simulation of a gut microbiome, adapted
from a previously published lesson, where different types of pasta in a plastic bag simulate different bacteria in the gut
and the composition of the pasta types is representative of diet related differences in the microbiome. Students will then
mimic an antibiotic treatment by removing certain pasta/bacteria and replacing them with beans/different bacteria. Next,
students will analyze the gut microbiome at the level of phylum, genus, or species. With the help of assigned scientific
literature, students will learn how the composition of the gut microbiome responds to diet, a process that is accompanied
by the synthesis of bacterial fermentation and other bacterial metabolic products that elicit a molecular response in the
host intestinal cells. Students will gain an initial understanding of how these changes impact human health. Through

this experience, students will increase their knowledge of bacterial metabolic pathways and products, improve their
understanding of the complex community that constitutes the microbiome, analyze the microbiome at multiple systematic
levels, and apply their knowledge in a context that is relevant to human health.
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Learning Goal(s)

In a unique active learning experience, students will use a simple
simulation to analyze the gut microbiome at multiple systematic
levels (e.g. phylum, genus, species) and apply the newly gained
knowledge in a context that is relevant to human health. They

will identify metabolic pathways and products that contribute

to the microbiome as a system and learn about the impact of
microorganisms on their bodies. The learning objectives are in
alignment with the Microbiology Learning Framework from the
American Society for Microbiology (https://www.coursesource.org/
courses/microbiology).

The mimicking of the antibiotic treatment is an example of “Choose
a perturbation to a novel environment, and predict the change to the
resident microbial community” under Systems.

The determination of the bacterial metabolic byproducts that the
bacteria excrete falls under “How does the survival and growth of
any microorganism in a given environment depend on its metabolic
characteristics?” under Metabolism.

The investigation of the human host response to a certain diet
covers “Describe how the human biome influences the host human
organism,” also under Systems.

Learning Objective(s)

Students will be able to:

e Identify several of the nine phyla that contribute to the gut
microbiome and name the two predominant ones.

Describe how diet impacts the gut microbiome and compare the
composition of the gut microbiome between different diets.
Describe how antibiotic treatment impacts the gut microbiome and
understand how this leads to infection, for example by Clostridium
difficile.

Trace the response to a change in diet, starting with i) changes

in the composition of the microbiome, followed by ii) changes

in the bacterial metabolic pathways and the respective excreted
metabolic products, resulting in iii) a molecular response in the
host intestinal cells, and eventually iv) resulting in human disease.
¢ Improve their ability to read scientific literature.

e Express themselves orally and in writing.

* Develop team working skill.
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INTRODUCTION

The human microbiome is a community of bacteria and
other microorganisms that lives in or on our human bodies and
impacts our health. While an unborn child is almost sterile,
the number of bacteria that call our adult bodies their home
is approximately 10 times larger than the human cells that
comprise our body. Bacteria live on our skin, in our mouth,
nose, gut, vagina, and just about every other place they can
access. These respective microbiomes are now referred to
as skin microbiome, oral microbiome, gut microbiome, etc.
The Human Microbiome Project (http:/commonfund.nih.
gov/hmp) is a governmental initiative investigating these
microbiomes.

The gut microbiome includes bacteria from nine phyla;
Firmicutes, Bacteriodetes, Actinobacteria, Proteobacteria,
Fusobacteria, Tenericutes, Spirochaetes, Cyanobacteria,
and Verrucomicrobia; Firmicutes and Bacteriodetes are the
predominant ones (1). Each of these phyla are represented
by many genera and species. While the microbiome of adult
humans is reasonably stable, changes in the environment (e.g.
food, antibiotics) may alter the composition of the microbiome,
which has the potential of triggering the immune system to
cause chronic inflammation (2). Generally stated, the pathway
that starts with a change in diet involves the following steps:
i) changes in the bacterial composition of the microbiome, ii)
excretion of bacterial metabolic products into the intestine,
iii) molecular response in the host intestinal cells, iv) altered
host status, including possible human disease. Among the
metabolic products that bacteria excrete in the response to
a high fiber diet, short chain fatty acids (SCFA) exert multiple
positive impacts on human health through very specific
molecular pathways in the intestinal cells. As some examples,
propionate reduces cholesterol and hepatic triglycerides (3,4)
and butyrate increases the endogenous production of the
glucagon-like peptide-2 that improves the mucosal barrier
function (5). Possible mechanism by which SCFA exert their
anti-inflammatory activity include an inhibition of histone
deacetylase in the intestinal cells, which impacts gene
expression in colon cancer cells (6). Diseases resulting from
imbalances of the gut microbiome include type | diabetes (7),
cardiovascular disease (8), colon cancer (9), and pancreatic
disorders (10).

Beyond diet, another environmental change that can
impact the composition of the gut microbiome is antibiotic
treatment. In particular, recurring infection with Clostridium
difficile has been recognized for a long time as a consequence
of antibiotic treatment (11) and is still of continued concern
today (12). Intriguingly, these infections can be reduced by
fecal transplantation (13), where the patient receives a fecal
sample from a healthy person with the ultimate goal to modify
the patient’s gut microbiome for an improvement of health.

The active learning exercise that is described in this
article builds on a ‘pasta’ simulation by Anne Estes that was
developed for an undergraduate General Microbiology class
(14). The original simulation used pasta bags to represent the
composition of the gut microbiome under the influence of
different diets and bean bags to mimic an antibiotic treatment
that will lead to infection by Clostridium difficile for some of
the groups. To adjust the original exercise for suitability in a
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400 level Bacterial Physiology course, several review articles
are provided to the students (15,16), as well as information on
the Human Microbiome Project (1). In particular, the review
article by Portune and coworkers (15) is used to guide students
through the alignment of pasta types with specific types of
bacteria that are characteristic for each diet (15). To facilitate
this analysis, the types of diet had to be modified from the
Estes paper (14) to match the Portune paper (15).

The instructor will prepare two different plastic bags for
each student group; a pasta bag and a bean bag (Figure 1).
The pasta bag -human gut- contains different types of pasta;
each pasta type simulates a type of bacterium and the
composition of the pasta in the bag simulates the composition
of the bacteria in the gut. Different mixtures of pasta simulate
differences in the gut microbiome under the influence of the
diet that is written on the bag. A total of six different diets
(pasta bags) are distributed to the groups of students, with
each student group receiving one bag (diet). The second bag
-external environment- contains a random mix of dried beans,
simulating an assortment of environmental bacteria. Some
of the student groups will receive lentils simulating bacterial
pathogens of the species Clostridium difficile in their bean
bag. A distinction will be made between toxin producing and
non-toxin producing strains of C. difficile, with green lentils
resembling toxin producing and yellow lentils representing
non-toxin producing C. difficile.

The original pasta simulation (14) was expanded to make
it suitable for junior and senior college students, as well as
first year graduate students. Gut microbiome information is
provided to the students in the form of two review articles
through an online Learning Management System (15,16).
With the help of these articles, students identify bacteria that
are characteristic for their assigned diet (pasta bag), determine
bacterial metabolic byproducts that these bacteria excrete,
and investigate the resulting human host response to a certain
diet.

In addition to the content objectives, this active learning
activity encourages students to read scientific literature, to
express themselves orally and in writing, and to develop their
team working skills. Such skills have been described as high
impact educational practices, in particular “collaborative
assignments and projects, where students learn to work and
solve problems in groups” and “writing intensive courses,
where students will produce various forms of writing” (17,18).
Student engagement, as well as collaborative learning are also
part of the definition of active learning where ‘active learning
is generally defined as any instructional method that engages
students in the learning process’ (19). The described exercise
engages students in their own learning, while providing an
opportunity for collaborative learning. It will help students
improve their oral and written communication skills through
in class discussion and presentations, as well as written
assignments.

Intended Audience

The targeted audience is microbiology majors and students
from related disciplines with an interest in microbiology at
the junior or senior level. First year graduate students can
be included. The exercise was incorporated in the author’s
400/600 level Bacterial Physiology course. The microbiome
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section of this course includes four lectures that are not
included in this lecture plan and precede this exercise. The
simulation is designed for six groups of students, where each
group can contain three to five students. For different class
sizes, the exercise can be adapted by modifying the number of
students per group or the number of groups.

Required Learning Time

The learning time for the students is about one or two hours
to read the Portune review article (15) that will be provided to
them ahead of class through a learning management system,
50 minutes class time, and another one or two hours outside
class to complete the follow up paper assignment. Instructor
time includes about 20 minutes of shopping and another hour
of assembling the pasta and bean bags, 50 minutes of class
time, and grading of the follow up assignment.

Prerequisite Student Knowledge

Since the students are expected to name bacteria phyla,
genera, and species, they will need knowledge of bacterial
nomenclature of the kind that is taught in General Microbiology
courses (pre-requisite for Bacterial Physiology in NDSU’s
Microbiology program) or covered in General Microbiology
text books. They will also need to have a general concept of
what constitutes the microbiome and how bacterial metabolic
pathways contribute to the health of the total microbiome, as
well as that of the host. It will be beneficial to the students
if they already know about bacterial fermentation pathways.
This information can be acquired in Biochemistry courses (co-
requisite for Bacterial Physiology at NDSU) or Biochemistry
text books. In addition, there many relevant videos on YouTube
(www.youtube.com). Examples of this are ‘Microbiology:
Glycolysis, Fermentation, Respiration” by Amanda Doig
(https://www.youtube.com/watch?v=2bbArLmPMwA) or
‘Anaerobic Respiration-Fermentation” by J. Cauthers (https:/
www.youtube.com/watch?v=U5BpXEvOMrg).

Prerequisite Teacher Knowledge

Content  knowledge includes general microbiology,
bacterial physiology, and ecology. Information can be found
in textbooks and an article on the Human Microbiome Project
(1). The exercise involves diverse aspects and a thorough
knowledge of microbiology and the microbiome.

SCIENTIFIC TEACHING THEMES

Active learning

This active learning exercise engages students through
multiple activities, including an in class simulation. Students
will individually prepare for the class by reading an assigned
review article in a professional journal (15). During class
time, students will work in small groups to discover how
the different forms and shapes of pasta from the simulation
exercise connect to the information that is provided in the
review article. Individual students may find additional sources
of information provided online. Students then compile their
results. Since every group received a pasta bag simulating a
different diet, each group reports on their respective diet and
students learn about all diets through reciprocal teaching. The
instructor uses this information to compile a total picture of the
gut microbiome in the form of a Formative Assessment Table
(Table 3). To deepen their understanding of the molecular
changes in the host intestinal cells that are caused by the
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changes in the microbiome and underly the health impact of
diet, the follow up assignment is a two pages essay that the
students will write in the same groups during the three days
that follow the class exercise.

Assessment

Assessment includes a pre-test that students take online the
day before the class session. The pre-test explores students’
understanding of the Portune paper (15) and includes three
questions, examples of correct answers are given in Table 1.
The pre-test is designed to encourage students to read the
paper (15), and the questions contain information that the
students will need during the class session. Students receive
one point per correct answer. The test can be administered
through an online Learning Management System to save in
class time.

The instructor measures learning formatively during the class
activity by listening and responding to the student’s report of
their findings. By constructing a Formative Assessment Table
(Table 3) on the board, instructors can provide feedback on
the information that the students are providing. This kind of
assessment gives students the opportunity to compare their
understanding with what the instructor identifies as both
important and correct. The follow-up assignment is summative,
in which students return to the Portune paper (15) and write
about the molecular response to changes in diet in the host
intestinal cells.

Inclusive teaching

The MICR480/680 Bacterial Physiology course enrolls
students from different majors and academic levels. The
course is required for Microbiology majors, but students from
majors such as Biology, Soil Sciences, Pre-Pharmacy, Pre-
Veterinary Medicine, Medical Lab Sciences, Genomics and
Bioinformatics, and several Engineering disciplines routinely
attend. Likewise, the academic level is usually junior or
senior, but first year graduate students at MS or Ph.D. level
are included. In addition to the diversity of fields of study
and academic level, students vary in age, race, national
background and possibly other characteristics that may not be
visible to the instructor.

The activity involves individual and group tasks. Small
group tasks are considered cooperative learning techniques
and have been described as active learning exercises that
foster student learning (20). Furthermore, high impact
active learning practices have been recognized to serve the
improvement of attrition and retention of minority students
(18). The major benefit is that students are actively engaged
in their own learning and learn from each other, not just from
their instructor.

LESSON PLAN

Background

The connection between the gut microbiome and human
health has been the topic of intense research for at least the
past 10 years. To help students handle the vast amount of
research, this learning module relies heavily on review articles.
In particular the articles by Koenig et al (16) and Portune and
coworkers (15) are a good fit with the pasta simulation that
was modified from Estes (14) to suit an upper level Bacterial
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Physiology course. There are many other review articles
that could be useful, such as Pothuraju and Sharma, which
emphasizes the role of the gut microbiome in obesity (21).
Other articles that could benefit the students (and instructors)
are by Petrof (22) and Bhat and Kapila (23) who describe the
bacterial metabolites that have impact on human health and
are relevant in the context of a Bacterial Physiology course. A
good source for general information of the human microbiome
can be found in an article on the Human Microbiome Project

(1).

Lesson: Overview

The complete pasta simulation consists of a pre-test, pre-
class preparation for instructor and students, 50 min in class
time, and a written follow up assignment. Table 2 guides
instructors through the timeline for pre-class and in class
activities.

Pre-Class Preparation

The pre-class preparation for the instructor can be done at
any time before the class (Figure 1 and Table 3). The instructor
will need two types of bags, one for the pasta and one for the
beans. Small snack bags for the pasta (gut) and larger sandwich
bags for the beans (environment) are suitable. The filled pasta
and bean bags can be re-used, so this initial preparation can
be used for multiple classes. It is recommended to check the
composition of the pasta bags prior to each course, because
pasta may get mixed up during the activity. For the pasta, the
instructor will need to purchase each of seven different types
of pasta to a total of about 2 pounds. Examples are included
in Table 3 and Figure 1, but other combinations will work as
well. For the beans, the instructor will need one to two pounds
of random dried beans, including a small number of green and
yellow lentils.

Gut microbiome

Long Short Red  Shell
Bifidob.  Alistepes Bilophila Bacteriodes

Green Yellow Curved

Roseburia E. rectale  R. bromii

STHIT
N VA V4

Dairy Meat Plant

Environmental bacteria

Mixed —~

S
beans “.'.g‘i

32
Non-toxin
Toxip plioducin_g__' (Yot :‘ <« producing
C. difficile @ %0 C. difficile

Figure 1. A schematic of the relationship between the different types of pasta
or beans and the respective gut and environmental bacteria. C. difficile =
Clostridium difficile. The pasta types have been modified from Estes (14) to suit
the advanced topic of the Bacterial Physiology course.
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The instructor will fill the pasta into the smaller snack bags
according to Table 3, filling the bags all the way up. Bags will
be labelled with the respective diets as indicated in Table 3.
The filled pasta bags are the bacteria filled gut, with each
pasta simulating different types (e.g. phyla, genera, species)
of bacteria. As one example, the bag labelled ‘meat diet’ will
receive short pasta, red spirals, and shells, simulating Alistipes,
Bilophila, and Bacteriodes. Larger bags will be filled to about
half with the mix of dried beans. Five to twenty yellow and/
or orange lentils will be added to some of the bags. The
lentils represent C. difficile; the green lentils simulate the
toxin producing bacteria and the yellow ones the non-toxin
producing C. difficile. Keep in mind that Table 3 is set up for six
groups of students. If you have more groups, you can duplicate
some bags. It is important to have different bags because each
bag represents a different diet and different gut microbiome.

Class Session (50 minutes)

Distribution of the pasta bags. Every group of students
receives one pasta and one bean bag prior to beginning of
class.

Analysis of the pasta bags (10 minutes). Students will
analyze the content of the pasta bag, sorting the pasta by color
and shape. Each group selects a reporter who will report out
each group’s findings. While the students sort the pasta, the
instructor will write the early form of the Assessment Table on
the board that is described in Table 3A. The instructor will then
use the student’s reports to fill in the blanks. The final version
of the Table is described in Table 3B.

Mimic antibiotic treatment (5 minutes). The antibiotic
treatment that was first described by Estes (14) will take no
more than 5 minutes. Since broad spectrum antibiotics
typically get rid of more bacteria than just the targeted
pathogen, long and curved pasta will be removed from those
of the bags that contain these types of pasta. This reflects how
an antibiotic can impact multiple types of bacteria. Students
who received the dairy diet resembling bag of pasta will now
have an empty bag and students who received the omnivore
diet resembling pasta bag will still have a reasonably full bag
of pasta (Figure 2). The instructor should guide discussion so
students notice that some bags are emptier than others and
that the number of different types of pasta has decreased in all
bags except the meat diet resembling bag. These observations
simulate a decrease in the biodiversity of the gut microbiome
after antibiotic treatment, accompanied by empty niches in
which new bacteria can colonize. Students then fill up these
empty spaces in the pasta bags with the beans that simulate
the environmental bacteria (Figure 2). Upon close inspection,
some student groups will notice the presence of yellow or
green lentils in their pasta bags, resembling infection with C.
difficile. Note that only student groups who received green
lentils which are indicative of toxin-producing C. difficile will
‘develop symptoms.

Mapping the in class simulation to research on the gut
microbiome (35 minutes). The advanced part of the exercise
will be to identify specific microbes, as well as their metabolic
products in dependence on the diet. Students will perform
seven tasks, each of which should take approximately 5
minutes. The first task is to use the Nature paper on the
Human Microbiome Project (1) to identify the nine phyla
of bacteria that contribute to the gut microbiome. These are
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Omnivore diet

Dairy diet

Gut microbiome

Antibiotic treatment

Environmental bact.

Figure 2. An example of the antibiotic treatment. On the left side, students
received a pasta bag that resembles an omnivore diet and contains seven
different types of past. On the right side, the pasta bag is representative of a
dairy diet and contains only long pasta. The first row is the original pasta bag
that students received. The second row shows the respective pasta bags after
long and curved pasta were removed in the simulation of antibiotic treatment
that reduces different types of bacteria, but not all types. In the third row,
students filled up the now empty spaces with beans from the bean bag. Beans
resemble environmental bacteria that move into niches in the gut that the
antibiotic treatment cleared out. A small number of these beans are lentils
which represent C. difficile.

Firmicutes, Bacteriodetes, Actinobacteria, Proteobacteria,
Fusobacteria, Tenericutes, Spirochaetes, Cyanobacteria, and
Verrucomicrobia. Among these, Firmicutes and Bacteroides
are predominant.

Second, students will determine the predominant bacteria
in the gut microbiome of a person who lives on a dairy
diet. Typically, newborn babies live on a diet that consists
exclusively of milk. Students will be referred to Koenig and
coworkers (16) who investigated the changes in the growing
infant’s gut microbiome that accompany the transition from
a dairy diet to adult food. The information that is pertinent to
this pasta simulation can be found in the first paragraph of
the introduction. While the gut of the newborn baby is almost
sterile, the vaginal microbiome of the mother serves as the
first source of bacteria, mainly of the genus Bifidobacteria. The
growth of these bacteria is further supported by the milk diet,
as Bifidobacteria metabolize and degrade oligosaccharides
that are provided with the milk and cannot be degraded by
the human intestine. Bacteroidetes are also found in breast
milk and help the baby transition to the adult gut microbiome
and a more diverse diet. Students will report Bifidobacteria
as an indicator of a dairy diet and the instructor will include
this information in the Formative Assessment Table (Table
3) on the board in column 8 (Bacteria). Students will note
the Koenig reference in column 9 (Reference). For the
student’s information, Bifidobacteria belong to the phylum
Actinobacteria.

The third task is to find information in the Portune paper
(15) on the predominant bacteria in adult humans who live
on a diet that consists predominantly of meat. According to
Table 1 of this paper (15), people with this diet have a gut
microbiome that includes bacteria of the genera Alistipes,
Bilophila, and Bacteriodes (24). Students will find these in the
Table and the instructor will add the bacteria to Table 3 on the
board, column 8.
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Task 4 is to identify the bacteria that are predominant in
people on a plant diet. These too are listed in Table 1 (15)
and include Roseburia, Eubacterium rectale, and Ruminoccus
bromii, all from the phylum Firmicutes. These bacteria will
go in Table 3, column 8. By this time, the students will have
assigned specific bacteria to the different types of pasta in their
snack bags and the instructor will have constructed Table 3B,
Formative Assessment on the board. There should be about 15
min left of class time.

The remaining three tasks focus on how changes in the
diet to high fat, high fiber, or high protein impact the gut
microbiome and specific bacterial metabolic pathways
that will lead to the respective metabolic products excreted
into the human intestine. This is the next step in the signal
transduction pathway from the diet to the ultimate impact
on human health and will transition students for the follow
up homework assignment. The relevant information is listed
in Tables 1, 2, and 3 of the Portune paper. To complete the
in class part of the exercise, students will need to identify
metabolic products that the bacteria secrete and that
contribute to human health. As one example, high fiber diet
leads to an increase in Bifidobacteria and Lactobacilli, which
are considered probiotics and produce short chain fatty acids
including acetate, propionate, and butyrate (27). While it is
not fully understood which metabolic products these bacteria
produce, long chain fatty acids themselves can reduce short
chain fatty acids in the gut, which favors a pro-inflammatory
environment (28). Diseases that result from this include
obesity, type 2 diabetes, and colon cancer.

Follow Up Assignment

This active learning activity will conclude with a follow
up homework assignment. So far, students have studied
the composition of the gut microbiome in response to the
respective diets and identified metabolic byproducts that some
of these bacteria produce and excrete into the host intestine.
During the three days following the in class time, students will
get together in their group and concentrate on the part of the
Portune paper (15) that focuses on the link between changes
in the gut microbiome/bacterial metabolic products and the
resulting diseases, as well as the molecular response in the
host intestinal cells that contributes to chronic inflammation.
To limit the scope of the paper, students will focus on a high
fat diet (section 2). Students will summarize their findings in a
short paper of 1-2 pages of text including a figure. Assignment
instructions to be given to the students are provided as
Supporting File S1.

The microbe/host response to a change towards a high
fat diet includes an increase in the lipopolysaccharide (LPS)
production by the bacteria (e.g. Firmicutes) and an increase in
the permeability of the intestinal barrier by the host. The latter
may be due to a decreased integrity of tight junction proteins
(29). Students are given the assignment to summarize the effect
of the high fat diet through the bacterial responses on the host
system. Students will use references from the Portune paper
(15) and PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) to
find additional literature and go into details with their chosen
mechanism.
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For the final paper, it is important that students get to the
level of individual molecules that are impacted in the human
host cells, as well as the function of these molecules and their
possible interactions (e.g. LPS binds to its receptor on the
host cell). It needs to be clear what the described molecules
contribute to the signal transduction chain from the change in
diet to the bacteria and ultimately the host response. A sample
assignment is provided as Supporting File S2, the grading
rubric as Supporting File S3. Students are free to select any
three molecules that contribute to the signal transduction
of their choice and go into the details of their function. 20
points are dedicated to this assignment by the author of this
manuscript on a scale of 350 to 400 points for the course.

TEACHING DISCUSSION

This activity engages students to explore the role of diet on
the gut microbiome, the differences in bacterial metabolism,
the molecular response in the human intestinal cells, and the
resulting impact on human health.

Students typically have no difficulty identifying the nine
phyla that contribute to the gut microbiome. The expectation
is not that they will remember all nine. However, phyla such
as Firmicutes or Bacteroidetes have been discussed in the
lectures that preceded this exercise. Students are expected
to recognize and remember these two predominant phyla.
The most effective part of the pasta exercise may be the short
demonstration of an infection by C. difficile in response to
antibiotic treatment. The empty pasta bags that now contain
a smaller number of different pasta types are an effective
simulation. When students ‘fill up’ their gut with new bacteria,
some of which may not be beneficial to human health,
students often experience a light-bulb moment. This response
is consistent with the student responses that were described
by Estes (14).

Junior and senior Microbiology students, as well as graduate
students should have heard of C. difficile infection during
previous classes. Likewise, they should have knowledge about
chronic inflammatory diseases. However, this exercise is very
practical and provides a real life scenario, which makes it
more interesting for the students. It is likely that this activity
makes ideas and knowledge more tangible for the learner
and promotes long-term retention of the content. Although
all students participated in the group discussions, to promote
inclusiveness, | would advise instructors to have different
students report from the groups throughout the class.

This lesson can be scaled to accommodate differently sized
classes. The activity was designed for six groups of three to five
students. If the class size is smaller, the number of students per
group can simply be reduced. It is critical to have different
diets and gut microbiomes, which makes it essential to have
at least six bags. If the class size is larger, some of the pasta
bags can be duplicated, rather than increasing the number
of students per group; larger groups may result in a smaller
percentage of students participating.

The exercise can be adjusted for lower academic levels,
such as for precollege students, by going back to the original
Estes exercise (14) and doing the pasta/bean work without
asking students to relate information on actual bacteria to the
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pasta and beans. Stressing the antibiotic mimicry by providing
students with additional information on C. difficile and
other antibiotic related infections will increase the practical
relevance of this aspect of the exercise and make it suitable for
100 or 200 level classes.

Finally, the module may be applied for a course in health-
related professional programs (e.g. medicine, pharmacy) by
asking students to predict whether people with a variety of
diets would be more or less susceptible to different diseases
based upon their diet dependent gut microbiome. Students
would have to do their own literature search to determine if
evidence exists to support hypotheses that they themselves
formulate. This task could either be an in class activity for a
second class period or an additional assignment.

SUPPORTING MATERIALS

e S1. Impact of Diet and Antibiotics - Assignment
instructions that instructors will give to students for the
follow up assignment.

¢ S2. Impact of Diet and Antibiotics - Sample follow up
assignment for instructors.

e S3. Impact of Diet and Antibiotics - Grading rubric for
the follow up assignment.
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Table 1. Impact of Diet and Antiobiotics - Pre-Test

How long is the approximate time frame during which changes | 24h
Question 1 in (Tic;obial composition can occur upon short-term alterations (Introduction, page 1)
in diet¢

Bifidobacterium spec.
Lactobacillus spec.
Name one example of a type of bacteria that increases in

Question 2 numbers within your gut microbiome as a consequence of a
high fiber diet. Some groups from Bacteriodes and Actinobacteria

(Dietary Fiber, page 4)

Specific groups of Firmicutes that produce butyrate

Decrease in cholesterol

Decrease in the level of hepatic triglycerides
Reduction of food intake by triggering intracellular
signaling

(Dietary Fiber Effects on Gut Microbiota Metabolites
and Host Physiology, page 8)

Name one effect of short chain fatty acids produced by bacteria

Question 3 of the gut microbiome in the human body.

*In the case of multiple answers for a question, students are expected to name one of them. The answers are taken from the Portune paper (15).
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Table 2. Impact of Diet and Antiobiotics - Lesson Plan Timeline

Preparation for Class

Pre-test 1. Setup on LMS. 5 min e Enter three questions from Table 1.
2. Grade pre-test. 30 min e Read and grade answers.

Shopping Shopping for pasta and beans. ~20 min e Shop for 7 different types of pasta that
differ in color, shape, and size (exclude
spaghetti and lasagna).

e Shop for a mix of dried beans, as well as
yellow and green lentils.
e Purchase sandwich bags and snack bags.

Prepare pasta and beans Prepare six sets of pasta and bean bags. 1 hour e Label snack bags (guts) with: dairy, meat,

meat and dairy, plant, plant and dairy,
omnivore.

e Fill snack bags with a mix of pasta
according to Table 3.

e Fill sandwich bags (environment) half way
with mixed dried beans. Add yellow and/
or green lentils to some but not all bags.

Class Session (50 minutes)

Distribute bags

Distribute one pasta and one bean bag to each
of six groups of students.

Prior to class

Every group of students gets one pasta and one
bean bag. If you have more than six groups,
produce more bags.

al., 2016 paper

with the Portune paper and other sources.

Analysis of the pasta bags | Every group of students will investigate their 10 min Advised by students, instructor produces Table
pasta bag and report the content to the class. on board that is similar to Table 3.

Mimic antibiotic treatment | Some pasta will be replaced by beans. 5 min e Every group of students will remove pasta
from their pasta bags. The two kinds of
pasta to be removed will be indicated by
the instructor.

e Fill open space up in the pasta bags (guts)
with content from the bean bag. Lentils
now in the pasta bag are indicative of
infection with C. difficile.

Analysis of the Portune et [ The content of the pasta bags will be correlated | 35 min Use Supporting File S2 as a guide. Allow

students to find information in the paper and
report back after a few min on each of the
tasks. Spend about 5 min on each task.
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Table 3A. Impact of Diet and Antiobiotics - Formative Assessment.

Table that the instructor writes on the board prior to discussing the pasta bags.

Long

Short

Red spiral
Shell

Green spiral

Yellow spiral

Curved

Table 3B. Impact of Diet and Antiobiotics - Formative Assessment.

With the help of the students, the instructor fills in the blanks of the Table. Specifically, the different types of pasta
(e.g. long) represent different types of bacteria (e.g. Bifidobacteria). Since differences in diet (e.g. dairy) give rise to the
occurrence (indicated by a ‘+') of specific types of bacteria (e.g. Bifidobacteria), each pasta bag is assembled in a way
that only pasta types that belong to the respective diet (as indicated by +) are included in the bag. A (-) indicates that
these types of pasta are not to be added to the bags and that these types of bacteria are not predominant under the
respective diet. Mark the bags with the diet (e.g. dairy). Note, that this Table can also be used to guide the instructor
through the assembly of the bags prior to class.

Long + - + - + + Bifidobact. Koenig
Short Alistipes Portune
Red spiralq Bilophila Portune
Shell Bacteroides Portune
Green spiral Roseburia Portune
Yellow spiral E. rectale Portune
Curved R. bromii Portune
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