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INTRODUCTION

Although the scientific community and its students are
typically more acquainted with eukaryotes as plants, animals,
and fungi, a majority of eukaryotic diversity is made up of
kingdom-level groupings of largely unicellular and microscopic
organisms called protists. Protists were the first eukaryotes,
originating from the unique primary endosymbiotic event in
which an archaeal proto-eukaryote engulfed an a-proteobac-
terium that ultimately became the mitochondrion, revolutio-
nizing physiology, altering the trajectory of life, and ultimately
creating the biodiversity found in nature today (1-3). Protists
provide insights into major evolutionary transitions, play envi-
ronmentally and economically important roles in nutrient cy-
cling and public health, and represent a physiologically diverse
array of lifestyle strategies, from photosynthesis to parasitism to
extremophily and beyond (4—10). Furthermore, protists occupy
diverse niches, are typically larger and more charismatic than pro-
karyotes, and are ubiquitous in soil and aquatic environments,
making them easy to collect, observe, and study. However, most
microbiology courses neglect to include protists in their curricula,
or they are seldom discussed in depth, despite being a topic of
active research and discovery (I 1-15).

In the manuscript, we present a hands-on, inquiry-based
laboratory module that can be implemented across many ability
levels of microbiology laboratory courses. This module serves as
an introductory or refresher microscopy lesson that allows stu-
dents to explore the world of protists and their significance to
microbiology. Topics such as ubiquity, the “rare biosphere,” sin-
gle-cell genomics, cell physiology and behavior (e.g., taxis), endo-
symbiosis, and the origins of multicellularity can be incorporated
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into the discussion. This activity also presents an opportunity to
use the campus or local surroundings as a field site and allows
students to gain experience as naturalists, a relevant endeavor
due to the increase in field-based molecular analyses (e.g.,
references 16 and 17), the prominence of community science
(previously termed “citizen science”) to inform formal research
studies (18, 19), and the need to continue traditional micros-
copy to complement these methods in the discovery of novel
species (20, 21).

Intended student audience

This lab module has been added to our 200-level Intro-
duction to Microbiology course (taken by students with one
semester of biology and chemistry), 300-level General
Microbiology course (taken by mixed science majors), and
400-level Applied Microbiology course (taken by microbiology
majors). This module can be used for both face-to-face and
remote/online learning.

Laboratory timeline and microscopic observations

As a prelab activity, students review the microscope
parts and their functions and watch a video of how to prepare
a wet mount (22) (https://youtu.be/_nezZlOWxNTrY). At the
beginning of the lab, background information on protists is
introduced with a minilecture (Appendices |, 2). Students then
either use their own samples or use lab-provided samples to
observe and identify protists. Ve offer both options to increase
student engagement. Instructors review how to prepare the sam-
ples and use the microscope, after which students work inde-
pendently with the microscopes to find appropriate organisms.
The time for this exercise is flexible, depending on the length of
the laboratory session. It is recommended to plan at least 1.5 to
2+ h (Appendix 3). Instructors work individually with students
throughout the period to take or draw pictures of the organisms
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observed through the microscopes (Appendix 4). The pictures
and descriptions are added to the students’ laboratory note-
books, and the grading rubric provided in Appendix 5 is applied
for scoring.

Extension of laboratory exercise

(i) iNaturalist. We incorporate iNaturalist (https://www.
inaturalist.org), jointly facilitated by the California Academy
of Sciences and the National Geographic Society, which
allows students to serve in an official capacity as community
scientists and contribute to active projects. Users around the
world contribute photographs of and/or sounds from organ-
isms they observe in a particular location. This is a great
resource for beginner naturalists because users can upload a
finding, and other users can help identify the organism. User-
recorded observations link to the location in which they are
found, creating a record of sightings in a geographical area
(https://www.inaturalist.org/projects/passion-puddle-rutgers-univ-
in-new-brunswick-nj-usa), and can also be linked to preestab-
lished biodiversity projects that contribute data to official
research projects (e.g, the “Passion Puddle Project” https:/
www.inaturalist.org/projects/the-passion-puddle-project). For this
lab exercise, students were able to use their own or instructor-
created user accounts (Appendix 6). By reporting the location
of the observation or associated project upon upload, all entries
are easy to identify by teaching assistants and professors for
grading purposes and assistance with identifications.

(ii) Remote learning. The lab module is easily adaptable
to hybrid or online learning. The larger size of protists and other
eukaryotic cells allows students to utilize inexpensive home, fold-
able, or wooden microscopes to observe the samples. Foldable
microscopes are available online and can be mailed to students
nationally and internationally. For remote learning, instructors
used a synchronous online meeting time to introduce the topic
and materials. Students were then given time to obtain samples
and work with their microscopes (Appendix 7). For asynchro-
nous online learning, instructors record the minilecture and
instructions on how to prepare the samples, and students then
emailed or uploaded their findings to their respective online
learning program.

Safety issues

Our laboratory adheres to the standards set forth by the
ASM Gauidelines for Biosafety in Teaching Laboratories (23) and
Rutgers University (24). Students in the laboratory are required
to wear personal protective equipment at all times, which includes
a lab coat, lab glasses/goggles, and gloves. Lab benches and micro-
scopes are disinfected before and after sampling. The water sam-
ples are autoclaved after use and disposed of according to policy.

Over the past few years, we have completely transformed
the introductory microscopy lab module in our microbiology
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courses. We first changed our instruction from having students
look at a wax pencil-drawn X to observing prepared fungal and
diatom slides. Both were appropriate activities aligned with one
of our course goals. While students learned the different parts of
the microscope, applied differences between bright-field and
phase-contrast microscopy to various samples, and had time to
practice using the equipment, the activities did not elicit much en-
thusiasm among students to discover unknown microbes and
take images of the specimens. We were looking for alternative
and more exciting ways to introduce students to the microscope
and found exactly what was needed to engage our students. This
new module has changed the instructional methods from a
guided, rigid framework of teaching about the microscope to in-
dependent exploration by students. The enthusiasm of students
with various skill levels about discovering protists from our cam-
pus pond has translated into stunning images and contributed to
ongoing biodiversity projects on campus.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.

SUPPLEMENTAL FILE I, PDF file, 1.7 MB.
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