


 10.  Do not touch broken glassware with your 

hands; use a broom and dustpan. Place 

 broken glassware contaminated with 

 microbial cultures or body fluids in the To 

Be Autoclaved container. (See p. 3 for what 

to do with broken glassware that is not 

contaminated.)

 11.  Place glassware and slides contaminated 

with blood, urine, and other body fluids in 

disinfectant.

 12.  To prevent transmitting disease, work only 

with your own body fluids and wastes in 

exercises requiring saliva, urine, blood, or 

feces. The Centers for Disease Control and 

Prevention (CDC) state that “epidemio-

logic evidence has implicated only blood, 

 semen, vaginal secretions, and breast 

milk in transmission of HIV”  (Biosafety 

in  Microbiological and Biomedical 

 Laboratories, www.cdc.gov).

 13.  Don’t perform unauthorized experiments.

 14.  Don’t use equipment without instruction.

 15.  Don’t engage in horseplay in the laboratory.

 16.  Enjoy lab, and make a new friend.

GENERAL SAFETY IN THE LABORATORY
During your microbiology course, you will learn 

how to safely handle fluids containing microor-

ganisms. Through practice you will be able to 

perform experiments so that bacteria, fungi, and 

viruses remain in the desired containers, un-

contaminated by microbes in the environment. 

These techniques, called aseptic techniques, 

will be a vital part of your work if you are going 

into health care or biotechnology.

 1.  Do not eat, drink, smoke, store food, or apply 

cosmetics in the laboratory.

 2.  Wear shoes at all times in the laboratory.

 3.  Tie back long hair.

 4.  Disinfect work surfaces at the beginning and 

end of every lab period and after every spill.

 5.  Wash your hands before and after every 

laboratory period. Because bar soaps may 

become contaminated, use liquid or 

 powdered soaps.

 6.  Use mechanical pipetting devices; do not use 

mouth pipetting.

 7.  Place a disinfectant-soaked paper towel on 

the desk while pipetting.

 8.  Wash your hands immediately and thoroughly 

with soap and water if they become 

 contaminated with microorganisms.

 9.  Cover spilled microbial cultures with 

paper towels, and saturate the towels with 

disinfectant. Leave covered for 20 minutes, 

and then clean up the spill and dispose of 

the towels.

Procedures marked with this  
biohazard icon should be performed 
carefully to minimize the risk of  
transmitting  disease.

Procedures marked with this safety 
icon should be performed carefully to 
minimize risk of  exposure to chemicals 
or fire.  
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Each exercise includes a Lab and Lecture: 
Putting it all together activity available through 
MasteringMicrobiology.® These activities are designed 
to help students see how lab and lecture are integrat-
ed. Students will use their new information and incor-
porate their new knowledge into lab.

With a strong emphasis on laboratory safety, 
this laboratory manual encourages students not only 
to learn but also to practice safety techniques so that 
safety becomes part of their professional behavior. We 
have included a safety contract that students can hand 
in to their instructors to indicate that they understand 
safety requirements. (For specific safety suggestions, 
see the section titled Specific Hazards in the Labora-
tory on page 4 and the sections of the Introduction that 
follow it.) We also alert students with yellow safety 
boxes at key points in the exercises. Biosafety levels 
(BSLs) are noted. Every effort has been made to use 
biosafety level 1 (BSL-1) organisms. BSL-2 organisms 
are required in a few exercises to demonstrate specific 
principles and processes.

These safety boxes are marked with either a bio-
hazard icon , a general safety icon , or a biosafe-
ty level 2 icon   BSL-2   indicating appropriate safety 
techniques.

NEW TO THIS EDITION
For the Twelfth Edition, the overall goal was to make 
this manual even more navigable and visually effective 
for students and instructors. The following changes 
have helped us fulfill that goal.

 The American Society for Microbiology en-
dorses inclusion of laboratory experience as 
an integral part of all microbiology courses 
and identifies topics and techniques consid-
ered essential to teach in every microbiol-
ogy laboratory. When an exercise directly 
addresses one of the guidelines, readers will 
see the ASM icon, along with a summary of 
the relevant statement.

Now in its Twelfth Edition, Laboratory Experiments 
in Microbiology is valued by instructors and students 
for its comprehensive coverage of every area of micro-
biology, its user-friendly laboratory reports, and its 
clear, straightforward organization. Containing 57 
thoroughly class-tested exercises, this manual pro-
vides basic microbiology techniques with applications 
for undergraduate students in diverse areas, including 
the biological sciences, the allied health sciences, agri-
culture, environmental science, nutrition, pharmacy, 
and various preprofessional programs. It is designed 
to supplement any nonmajors microbiology textbook. 
Coauthored by Christine L. Case, this manual is an 
ideal companion to Microbiology: An Introduction, 
Thirteenth Edition, by Gerard J. Tortora, Berdell R. 
Funke, and Christine L. Case.

OUR APPROACH
Exercises have been designed to include the American 
Society for Microbiology laboratory core curriculum, 
which is considered essential to teach in every introduc-
tory microbiology laboratory, regardless of its emphasis.

This laboratory manual has two primary goals—
teaching microbiology techniques and showing students 
the importance of microbes in our daily lives and their 
central roles in nature. Most of the exercises are inves-
tigative by design and require the students to evalu-
ate their experimental results and draw conclusions. 
We hope in this way to promote analytical reasoning 
and provide students with a variety of opportunities 
to reinforce the technical skills they have learned. We 
also highlight practical uses of microbiology by includ-
ing material with direct applications to procedures per-
formed in clinical and commercial laboratories.

Each part begins with a case study to give 
 students a real-world example of the applications of 
the material they are learning. The solution to the case 
study requires content from the laboratory exercises in 
that part.

Each exercise reflects the American Society 
for Microbiology Guidelines for Biosafety in Teaching 
Laboratories.

Preface

ASM
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Laboratory exercises that address the 
human or environmental microbiome 
are marked with an icon.

Laboratory exercises that provide an 
investigative experiment are marked 
with an icon. Students use their new 
microbiological information to  explore 
the microbial world.

ORGANIZATION

ASM: Thinking skills

Each exercise is designed to promote Laboratory 
Thinking skills:

• Predict expected results
• Follow an experimental protocol
• Collect and organize data
• Draw appropriate conclusions based on the results
• Work effectively in teams or groups so that the task, 

results, and analysis are shared
• Effectively manage time and tasks allowing con-

current and/or overlapping tasks to be done simul-
taneously, by individuals and within a group

This manual is divided into 14 parts. The introduc-
tion to each part explains the unifying theme for that 
part. Each Part begins with a Case Study that relates 
the exercises with clinical applications. Exercises in 
the first four parts provide sequential development 
of fundamental techniques. The remaining exercises 
are as independent as possible to allow instructors to 
select the most desirable sequence for their course. The 
exercises are organized as follows.

OBJECTIVES This introductory section defines the 
specific skills or concepts to be mastered in the ex-
ercise. The objectives can easily be used as the basis 
for assessment.
BACKGROUND This narrative section provides 
definitions and explanations for each exercise. Stu-
dents should refer to their text for more  detailed 
explanations of the concepts introduced in the lab-
oratory exercises.
MATERIALS This comprehensive list includes sup-
plies, media, and equipment needed for the exercise.

MICROBIOME

M

INVESTIGATIVE 
EXERCISE

NVESTIGATIVE

CULTURES This list identifies the living organisms 
required for the exercise.
TECHNIQUES REQUIRED This section provides a list 
of techniques from earlier exercises in the manual 
needed to complete the current exercise.
PROCEDURE At the core of each exercise, this sec-
tion provides step-by-step instructions, stated as 
simply as possible and frequently supplemented 
with diagrams. Questions are occasionally asked 
in the Procedure section to remind the student of 
the rationale for a step.
LABORATORY REPORT Designed to help students 
learn to collect and present data in a system-
atic fashion, the laboratory report concludes each 
 exercise. Students are first asked to write the Pur-
pose of the exercise so they can relate their labo-
ratory work to their learning. Students are asked 
to formulate their Hypothesis or write their Ex-
pected Results using information provided in the 
Background and their own experience. Tables are 
provided to  record Results. The questions in Con-
clusions are designed to lead the student from a 
collection of data or observations to a conclusion. 
In most instances, the results for each student 
team will be unique; they can be compared with 
the information given in the Background and other 
references but will not be identical to that informa-
tion. The Questions reinforce the conclusions and 
ask the student to interpret results. The range of 
questions requires students to think about their 
results, recall facts, and then use this information 
to answer the  questions. Critical Thinking ques-
tions are designed to help students use their new 
knowledge and practice analytical skills. Clinical 
Application questions have been collected from 
the literature. They are designed to encourage stu-
dents to synthesize their new information to relate 
concepts and techniques to  clinical applications. 
This lab manual and the course textbook should 
provide sufficient background to enable students to 
answer Critical Thinking and Clinical Application 
questions.

PREPARATION GUIDE
The comprehensive Preparation Guide for Labora-
tory Experiments in Microbiology, Twelfth Edition 
(ISBN 0-134-60520-9) provides all the information 

vii
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the instructor needs to set up and teach a laboratory 
course with this manual. It includes the following:

• General instructions for setting up the lab
• Information on obtaining and preparing cultures, 

media, and reagents, and expected results for each 
of the biochemical tests and cultures used

• A master table showing the techniques and bio-
safety level required for each exercise

• Cross-references for each exercise to specific pages 
in Tortora/Funke/Case Microbiology: An Introduc-
tion, Thirteenth Edition.

• For each exercise: helpful suggestions, detailed 
lists of materials needed, and answers to all the 
questions in the student manual

To make Laboratory Experiments in Microbiol-
ogy, Twelfth Edition, easy to use, we have carefully 
designed the experiments to use inexpensive, read-
ily available, nonhazardous materials. Moreover, the 
exercises have been thoroughly tested in our classes 
in Minnesota and California by students with a wide 
variety of talents and interests. Our students have 
enjoyed their microbiology laboratory experiences; we 
hope yours will, too!
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ASM RECOMMENDED LABORATORY 
SKILLS

ASM: Laboratory skills

A student successfully completing basic microbiology 
will demonstrate ability in

1. Using a brightfield light microscope to view and 
interpret slides, including
a. Correctly setting up and focusing the 

microscope
b. Proper handling, cleaning, and storage of the 

microscope
c. Correctly using all lenses
d. Recording microscopic observations

2. Properly preparing slides for microbiological ex-
amination, including
a. Cleaning and disposing of slides
b. Preparing smears from solid and liquid 

cultures
c. Performing wet mount and/or hanging drop 

preparations
d. Performing Gram stains



ix

d. Extrapolating plate counts to obtain the cor-
rect CFU or PFU in the starting sample

6. Using standard microbiology laboratory equip-
ment correctly, including
a. Using the standard metric system for 

weights, lengths, diameters, and volumes
b. Lighting and adjusting a laboratory burner
c. Using an incubator

A SPECIAL NOTE TO STUDENTS
This book is for you. The study of microbiology is 
dynamic because of the diversity of microbes and the 
variability inherent in every living organism. Out-
side the laboratory—on a forest walk or tasting a fine 
cheese—we experience the activities of microbes. We 
want to share our excitement for studying these small 
organisms. Enjoy!

Ted R. Johnson and Christine L. Case

3. Using properly aseptic techniques for the transfer 
and handling of microorganisms and instruments, 
including
a. Sterilizing and maintaining sterility of trans-

fer instruments
b. Performing aseptic transfer
c. Obtaining microbial samples

4. Using appropriate microbiological media and test 
systems, including
a. Isolating colonies and/or plaques
b. Maintaining pure cultures
c. Using biochemical test media
d. Recording accurately macroscopic observations

5. Estimating the number of microbes in a sample 
using serial dilution techniques, including
a. Choosing and using correctly pipettes and 

 pipetting devices
b. Spreading correctly diluted samples for 

counting
c. Estimating appropriate dilutions
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Welcome to microbiology! Microorganisms are all 
around us, and as Pasteur pointed out over a century 
ago, they play vital roles in the ecology of life on Earth. 
The microorganisms living in soils, oceans, plants, and 
animals are called the Earth microbiome. In recent 
years, we’ve learned that microbes also play  vital roles 
in the human body. The human body is home to more 
microbes, mostly bacteria, than human cells. These 
 microorganisms are referred to as the human micro-
biome. The bacteria comprising the human microbiome 
are important to health, protection from pathogens, 
and development of immunity. You will look at some 
of the organisms comprising the Earth and human 
 microbiomes. These procedures are marked with the 
microbiome icon M. In addition, some microorganisms 
provide important commercial benefits through their 
use in the production of chemicals (including antibiot-
ics) and certain foods. Microorganisms are also major 
tools in basic research in the biological sciences.  Finally, 
as we all know, some microorganisms cause disease—in 
humans, other animals, and plants.

In this course, you will have firsthand experience 
with a variety of microorganisms. You will learn the tech-
niques required to identify, study, and work with them. 
All of the core laboratory skills, laboratory thinking 
skills, and laboratory safety endorsed by the  American 
Society for Microbiology (ASM) are included in this man-
ual. These skills are identified with an ASM icon

skills for a work environment and it’s exciting to see 
whether your initial hypotheses (expected results) are 
validated.

Before getting started, you will find it helpful to 
read through the suggestions on the next few pages.

SUGGESTIONS TO HELP YOU BEGIN
  1. Science has a vocabulary all its own. New terms 

will be introduced in boldface throughout this 
manual. To develop a working vocabulary, make a 
list of these new terms and their definitions.

  2. The microbes used in the exercises in this man-
ual are referred to by their scientific names. 
Common names were never given to microbes 
because they are not visible to the human eye 
without a microscope. The word microbe, now in 
common use, was introduced in 1878 by Charles 
Sedillot. The scientific names will be unfamiliar 
at first, but do not let that deter you. Practice 
saying them aloud. Most scientific names are 
taken from Latin and Greek roots. If you become 
familiar with these roots, the names will be eas-
ier to remember.

  3. Microbiology usually provides the first opportunity 
that undergraduate students have to experiment 
with living organisms. Microbes are relatively easy 
to grow and lend themselves to experimentation. 
Because there is variability in any population of 
living organisms, not all the experiments will 
“work” as the lab manual says. The following exer-
cise will illustrate what we mean:

Write a description of Homo sapiens for a 
 visitor from another planet: _____________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________
_______________________________________________

 1

Introduction
LIFE would not long remain possible in the ABSENCE of microbes.

– L O U I S  P A S T E U R

 ASM: A student successfully completing basic microbiology will 
demonstrate an increased skill level in developing testable hypotheses, 
collecting and analyzing data, discussing and presenting lab results, 
managing time and tasks, and working effectively in groups.

Throughout this course, you will perform many 
experiments that require time for microbes to grow 
between your initial set and recording results. This 
 requires both organization and communication 
 between you and your lab partner(s). These are critical 
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After you have finished, look around you. Do all 
your classmates fit the description exactly? Proba-
bly not. Moreover, the more detailed you make your 
description, the less conformity you will observe. 
During lab, you will make a detailed description of 
an organism and probably find that this descrip-
tion does not match your reference exactly.

  4. Microorganisms must be cultured or grown to com-
plete most of the exercises in this manual. Cultures 
will be set up during one laboratory period and 
will be examined for growth in the next laboratory 
 period. Accurate record keeping is therefore essen-
tial. Mark the steps in each exercise with a bright 
color or a bookmark so you can return to complete 
your Laboratory Report on that exercise. Accurate 
records and good organization of laboratory work 
will enhance your enjoyment and facilitate your 
learning.

  5. Observing and recording your results carefully are 
the most important parts of each exercise. Ask your-
self the following questions for each experiment:

What did the results indicate?
Are they what I expected? If not, what happened?

  6. If you do not master a technique, try it again. In 
most instances, you will need to use the technique 
again later in the course.

  7. Be sure you can answer the questions that are 
asked in the Procedure for each exercise. These 
questions are included to reinforce important 
points that will ensure a successful experiment.

  8. Finally, carefully study the general procedures and 
safety precautions that follow.

GENERAL PROCEDURES 
IN MICROBIOLOGY
In many ways, working in a microbiology laboratory is 
like working in the kitchen. As some very famous chefs 
have said,

Our years of teaching cookery have impressed 
upon us the fact that all too often a debutant 
cook will start in enthusiastically on a new dish 
without ever reading the recipe first.  Suddenly 
an ingredient, or a process, or a time sequence 
will turn up, and there is astonishment, 
 frustration, and even disaster. We  therefore urge 
you, however much you have cooked, always to 
read the recipe first, even if the dish is familiar 
to you…. We have not given estimates for the 
time of preparation, as some people take half an 
hour to slice three pounds of mushrooms, while 
others take five minutes.*

  1. Read the laboratory exercises before coming to 
class.

  2. Plan your work so that you complete all experi-
ments during the assigned laboratory period. A 
good laboratory student, like a good cook, is one 
who can do more than one procedure at a time—
that is, one who is efficient.

  3. Use only the required amounts of materials, so that 
everyone can do the experiment.

  4. Label all of your experiments with your name, 
date, and lab section.

  5. Even though you will do most exercises with an-
other student, you must become familiar with all 
parts of each exercise.

  6. Keep accurate notes and records of your procedures 
and results so that you can refer to them for future 
work and tests. Many experiments are set up dur-
ing one laboratory period and observed for results 
in the next laboratory period. Your notes are essen-
tial to ensure that you perform all the necessary 
steps and observations.

  7. Demonstrations will be included in some of the ex-
ercises. Study the demonstrations and learn the 
content.

  8. If you are color-blind, let your instructor know; 
many techniques require discrimination of colors.

  9. Keep your cultures current; discard old experi-
ments.

10. Clean up your work area when you are finished. 
Leave the laboratory clean and organized for the 
next student. Remember:
• Return stain and reagent bottles to their origi-

nal locations.
• Place slides in the appropriate disinfectant 

container as instructed.
• Remove all markings on glassware (such as 

Petri plates and test tubes) before putting 
glassware into the marked autoclave trays.

• Place glass Petri plates agar-side down in 
marked autoclave containers.

• Place swabs and pipettes in the appropriate 
disinfectant jars or biohazard containers.

• Place disposable plasticware in marked bio-
hazard or autoclave containers.

• Discard used paper towels.

BIOSAFETY

The most important element for managing microorgan-
isms is strict adherence to standard microbiological 
practices and techniques, which you will learn during 
this course. There are four biosafety levels (BSLs) for 

*J. Child, L. Bertholle, and S. Beck. Mastering the Art of 
French Cooking, Vol. 1. New York: Knopf, 1961.

 ASM: A student successfully completing basic microbiology will demon-
strate ability to explain and practice safe laboratory procedures.
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working with live microorganisms; each BSL consists 
of combinations of laboratory practices and techniques, 
safety equipment, and laboratory facilities. (TABLE 1.) 
Each combination is specifically appropriate for the 
operations performed, the documented or suspected 
routes of transmission of the microorganisms, and the 
laboratory function or activity.

Biosafety Level 1 represents a basic level of con-
tainment that relies on standard microbiological prac-
tices with no specific facilities other than a sink for 
handwashing. When standard laboratory practices are 
not sufficient to control the hazard associated with a 
particular microorganism, additional measures may be 
used. Gloves should be worn if skin on hands is broken 
or if a rash is present.

Biosafety Level 2 includes handwashing, and an 
autoclave for decontaminating laboratory wastes must 
be available. Precautions must be taken for handling 
and disposing of contaminated needles or sharp instru-
ments. BSL-2 is appropriate for working with human 
body f luids. A lab coat should be worn. Gloves should 
be worn when hands may contact potentially hazard-
ous materials.

Biosafety Level 3 is used in laboratories where 
work is done with pathogens that can be transmitted 
by the respiratory route. BSL-3 requires special facili-
ties with self-closing, double doors and sealed windows.

Biosafety Level 4 is applicable for work with 
pathogens that may be transmitted via aerosols and for 
which there is no vaccine or treatment. The BSL-4 fa-
cility is generally a separate building with specialized 
ventilation and waste management systems to prevent 
release of live pathogens to the environment.

Which biosafety level is your lab? ________________

Biosafety Practices
The lab exercises in this course involve the use of living 
organisms. Although the microorganisms we use are 
not considered to be highly virulent, all microorgan-
isms should be treated as potential pathogens (organ-
isms capable of causing disease).

The following rules must be observed at all times 
to prevent accidental injury to or infection of yourself 
and others and to minimize contamination of the lab 
environment. These guidelines are in agreement with 
Guidelines for Biosafety in Teaching Laboratories 
(American Society for Microbiology, 2012).
  1. Never place books, backpacks, purses, or the like 

on benchtops. Always place these in the assigned 
cubicles.

  2. Electronic devices should not be brought into the 
lab. This includes, but is not limited to, MP3 play-
ers, cell phones, and calculators.

  3. Clean your work area with disinfectant at the be-
ginning and end of each lab.

  4. Wash your hands with soap and dry with paper 
towels when entering and leaving the lab.

  5. Wear a lab coat at all times while working in the 
lab to prevent contamination or accidental stain-
ing of your clothing.
a. Closed-toe shoes (no sandals) are to be worn 

in the lab.
b. Tie back long hair to prevent exposure to 

f lames and contamination of cultures.
c. Gloves should be worn when staining microbes 

and handling hazardous materials.
d. Wear safety goggles when performing a proce-

dure (such as pipetting, spread plates, and so 
on) that may generate a splash hazard.

TA B L E 1 BIOSAFETY LEVELS

BSL-1

BSL-2

BSL-3

BSL-4

Biosafety level Practices Personal Protection
(Primary Barriers)

Facilities
(Secondary Barriers)

BSL-3 plus
• Separate building

BSL-3 plus full-body
air-supplied, positive-
pressure personnel suit

BSL-3 plus separate
building and
decontamination facility

Standard microbiological
practices

Lab coat; goggles and
gloves, as needed

Open benchtop sink;
autoclave recommended

BSL-2 plus
• Controlled access
• Decontamination of
   clothing before
   laundering

BSL-2 plus protective lab
clothing; enter and leave
lab through clothing-
changing and shower
rooms

BSL-2 plus self-closing,
double-door access

BSL-1 plus
• Limited access
• Biohazard warning signs
• “Sharps” precautions
• Safety manual of waste
   decontamination policies

Lab coat; goggles and
gloves, as needed

BSL-1 plus autoclave
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  2. If your electrical equipment crackles, snaps, or 
 begins to give off smoke, do not attempt to discon-
nect it. Call your instructor immediately.

Fire
  1. If gas burns from a leak in the burner or tubing, 

turn off the gas.
  2. If you have a smoldering sleeve, run water on the 

fabric.
  3. If you have a very small fire, the best way to put it 

out is to smother it with a towel or book (not your 
hand). Smother the fire quickly.

  4. If a larger fire occurs, such as in a wastebasket or 
sink, use one of the fire extinguishers in the lab to 
put it out. Your instructor will demonstrate the use 
of the fire extinguishers.

  5. In case of a large fire involving the lab itself, evacu-
ate the room and building according to the follow-
ing procedure:
a. Turn off all gas burners, and unplug electrical 

equipment.
b. Leave the room and proceed to ______________

 ________________________________
c. It is imperative that you assemble in front of 

the building so that your instructor can take 
roll to determine whether anyone is still in-
side. Do not wander off.

Accidents and First Aid
  1. Report all accidents immediately. Your instructor 

will administer first aid as required.
  2. For spills in or near the eyes, use the eyewash im-

mediately.
  3. For large spills on your body, use the safety 

shower.
  4. For heat burns, chill the affected part with ice as 

soon as possible. Contact your instructor.
  5. Place a bandage on any cut or abrasion.

Earthquake
Turn off your gas jet and get under your lab desk  during 
an earthquake. Your instructor will give any necessary 
evacuation instructions.

ORIENTATION WALKABOUT
Locate the following items in the lab:

Broom and dustpan Instructor’s desk

Eyewash Reference books

Fire blanket Safety shower

Fire extinguisher To Be Autoclaved area

First-aid cabinet Biohazard containers

Fume hood

  6. Do not place anything in your mouth or eyes while 
in the lab. This includes pencils, food, and fingers. 
Keep your hands away from your mouth and eyes.
a. Eating (including gum, cough drops, and can-

dy) and drinking are prohibited in the lab at all 
times. Do not bring water bottles into the lab.

b. Do not apply cosmetics in the lab.
c. Never pipette by mouth. Use a mechanical 

 pipetting device.
  7. Do not remove media, equipment, or bacterial 

 cultures from the laboratory. This is absolutely 
prohibited and unnecessary.

  8. Do not place contaminated instruments such as 
 inoculating loops, needles, and pipettes on bench-
tops. Loops and needles should be sterilized by 
incineration, and pipettes should be disposed of in 
designated receptacles.

  9. Carry cultures in a test-tube rack when mov-
ing around the lab and when keeping cultures on 
benchtops for use.

10. Immediately cover spilled cultures or broken cul-
ture tubes with paper towels and then saturate 
with disinfectant. Notify your instructor that there 
has been a spill. After 20 minutes, clean up the area 
and dispose of the towels and broken items as indi-
cated by your instructor.

11. Report accidental cuts or burns to the instructor 
immediately.

12. At the end of each lab session, place all cultures 
and materials in the proper disposal area.

13. Persons who are immunocompromised (including 
those who are pregnant) and students living with 
or caring for an immunocompromised individual 
are advised to consult their physician to determine 
the appropriate level of participation in the lab.

SPECIFIC HAZARDS IN THE 
LABORATORY
Keep containers of alcohol away from open f lames.

Glassware Not Contaminated with 
 Microbial Cultures
  1. If you break a glass object, sweep up the pieces 

with a broom and dustpan. Do not pick up pieces of 
broken glass with your bare hands.

  2. Place broken glass in one of the containers marked 
for this purpose. The one exception to this rule con-
cerns broken mercury thermometers; consult your 
instructor if you break a mercury thermometer.

Electrical Esquipment
  1. The basic rule to follow is this: Electricity and water 

don’t mix. Do not allow water or any water-based 
solution to come into contact with electrical cords 
or electrical conductors. Make sure your hands are 
dry when you handle electrical connectors.
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LABORATORY FACILITIES
  1. Interior surfaces of walls, f loors, and ceilings are 

water resistant so that they can be easily cleaned.
  2. Benchtops are impervious to water and resistant 

to acids, alkalis, organic solvents, and moderate 
heat.

  3. Windows in the laboratory are closed and sealed.
  4. An autoclave for decontaminating laboratory wastes 

is available, preferably within the laboratory.
  5. Keep laboratory doors closed when experiments 

are in progress.
  6. The instructor controls access to the laboratory 

and allows access only to people whose presence is 
required for program or support purposes.

  7. Place contaminated materials that are to be decon-
taminated at a site away from the laboratory into 
a durable, leakproof container that is closed before 
being removed from the laboratory.

  8. An insect- and rodent-control program is in effect.

SPECIAL PRACTICES
Potential pathogens used in the exercises in this manual 
present a minimal hazard and require ordinary asep-
tic handling conditions (Biosafety Level 2). They are 
marked throughout this manual with the  BSL-2  icon. 
No special competence or containment is required. These 
organisms are the following:

• Enterococcus faecalis
• Proteus species
• Pseudomonas aeruginosa
• Staphylococcus aureus
• Streptococcus pneumoniae
• Str. pyogenes

BSL-1 labs will not be using the BSL-2 microbes 
but will observe demonstration cultures using BSL-2 
organisms.

Treat all microorganisms subcultured from the 
 environment as potential BSL-2 organisms, and sub-
culture them only if you are in a BSL-2 laboratory.
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During your microbiology course, you will learn how 
to safely handle f luids containing microorganisms. 
Through practice you will be able to perform experi-
ments in such a way that bacteria, fungi, and viruses 

SAFETY GUIDELINES
  1. Do not eat, drink, smoke, store food, or apply 

 cosmetics in the laboratory.
  2. Wear closed-toe shoes at all times in the laboratory.
  3. Tie back long hair.
  4. Disinfect work surfaces at the beginning and end of 

every lab period and after every spill. The disinfec-
tant used in this laboratory is _________________.

remain in the desired containers, uncontaminated by 
microbes in the environment. These techniques, called 
aseptic techniques, will be a vital part of your work 
if you are going into health care or biotechnology.

  5. Wash your hands before and after every labora-
tory period. Wash your hands immediately and 
thoroughly with soap and water if they become 
contaminated with microorganisms. Because bar 
soaps may become contaminated, use liquid or 
powdered soaps.

  6. Wear gloves, if instructed, to handle potential-
ly hazardous materials. Wash your hands after 
 removing gloves.

Student Safety Contract

CASE STUDY: Outbreak in the nursery
As you read through this case study, you will encounter a series of questions that healthcare workers 
ask themselves as they determine the cause of the illness. Try to answer each question before going on 
to the next one.

During one year, 12 newborns developed serious Proteus vulgaris infections in a hospital nursery. Six 
babies had P. vulgaris in their blood, four had meningitis, and two had osteomyelitis; four of the babies 
died. All of the babies were healthy, full-term babies from normal pregnancies and deliveries.

1. How could newborns be infected with this bacterium that is normally found in the soil, water, and 
feces?______________________________________________________
All the babies were in the same nursery and P. vulgaris infections did not occur in any other unit in 
the hospital. P. vulgaris was not found in the tap water.

2. Now what will you look for?___________________________________________________________________
Each infant assigned to the nursery remained in the same bassinet until discharge and three nurses 
were permanently assigned to the nursery. The nursery was closed for six months for cleaning.

3. When the nursery reopened, three more P. vulgaris infections occurred in newborns. What will you 
look for now?________________________________________________________________________________
One nurse (nurse A), working in the night shift, admitted all of the infected newborns. Electronic 
monitors on the sink and hand-sanitizer recorded 70% less use during the night shift than during 
the other shifts. Sterile swabs dipped in nutrient broth were rubbed over the fingertips and under 
the nails of both hands of each nurse. Proteus is one of the most common organisms in the skin 
 microbiome of dogs and is found in moist areas of human skin such as under fingernails. P. vulgaris 
was cultured from nurse A.

4. What mistake did nurse A make?_____________________________________________________________

7
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13. Do not perform unauthorized experiments.
14. Do not use equipment without instruction.
15. Do not engage in horseplay in the laboratory.
16. If you got this far in the instructions, you’ll prob-

ably do well in lab. Enjoy lab, and make a new 
friend.

  7. Use mechanical pipetting devices; do not use 
mouth pipetting.

  8. Wear safety goggles while pipetting.
  9. Cover spilled microbial cultures with paper towels, 

and saturate the towels with disinfectant. Leave 
covered for 20 minutes, and then clean up the spill 
and dispose of the towels.

10. Do not touch broken glassware with your hands; 
use a broom and dustpan. Place broken glassware 
contaminated with microbial cultures or body f lu-
ids in the To Be Autoclaved container. (See page 4 
for what to do with broken glassware that is not 
contaminated.)

11. Place glassware and slides contaminated with 
blood, urine, and other body f luids in disinfectant.

12. To avoid transmitting disease, work only with your 
own body f luids and wastes in exercises that re-
quire saliva, urine, blood, or feces. The Centers 
for Disease Control and Prevention (CDC) states 
that “epidemiologic evidence has implicated only 
blood, semen, vaginal secretions, and breast milk 
in transmission of HIV” (Biosafety in Microbiologi-
cal and Biomedical Laboratories, www.cdc.gov).

I have read the above laboratory safety rules and 
agree to abide by them when in the laboratory.

Name: _____________________ Date: _________________

www.cdc.gov
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EXERCISES

 1 Use and Care of the Microscope
 2 Examination of Living Microorganisms

Antoni van Leeuwenhoek is the first person known to have observed living microbes. His 
observations of the microbiota in tooth tartar and feces were the first descriptions of the 
human microbiome. Unfortunately, he was very protective of his homemade microscopes 
and left no description of how to make them (see the photograph on page 2). During his 
lifetime he kept “for himself alone” his microscopes and his method of observing “animal-
cules.” Directions for making a replica of van Leeuwenhoek’s microscope can be found in 
American Biology Teacher.* Fortunately, you will not have to make your own microscope.

The microscope is a very important tool for a microbiologist. Microscopes and mi-
croscopy (microscope technique) are introduced in Exercise 1 and 2, which are designed 
to help you become familiar with the compound light microscope and proficient in using 
it. This knowledge will be valuable in later exercises.

Beginning students frequently become impatient with the microscope and forgo 
this opportunity to practice and develop their observation skills. Simple observation is 
a critical part of any science. Making discoveries by observation requires curiosity and 
patience. We cannot provide procedures for observation, but we can offer this sugges-
tion: Make careful sketches to enhance effective observation. You need not be an artist 
to draw what you see. In your drawings, pay special attention to:

1. Size relationships. For example, how big are bacteria relative to protozoa?
2. Spatial relationships. For example, where is one bacterium in relation to the oth-

ers? Are they all together in chains?
3. Behavior. For example, are individual cells moving, or are they all f lowing in the 

liquid medium?

Looking at objects through a microscope is not easy at first, but with a little prac-
tice, you, like Antoni van Leeuwenhoek, will make discoveries in the microcosms of 
peppercorn infusions and raindrops. In 1684, van Leeuwenhoek wrote the following:

Tho my teeth are kept usually very clean, nevertheless when I view them in a 
Magnifying Glass, I find growing between them a little white matter as thick 
as wetted flour: In this substance tho I do not perceive any motion, I judged 
there might probably be living creatures.

PART

1

*W. G. Walter and H. Via. “Making a Leeuwenhoek Microscope Replica.” American Biology Teacher 
30(6): 537–539, 1968.

Microscopy
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I therefore took some of this flour and mixed it either with pure rain water 
wherein were no Animals; or else with some of my Spittle (having no air bubbles 
to cause a motion in it) and then to my great surprise perceived that the afore-
said matter contained very many small living Animals, which moved themselves 
very extravagantly. Their motion was strong and nimble, and they darted them-
selves thro the water or spittle, as a Jack or Pike does thro the water.*
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Lens

Specimen-positioning screw

Focusing control

Stage-positioning screw

Location of specimen on pin

*Quoted in E. B. Fred. “Antoni van Leeuwenhoek.” Journal of Bacteriology 25: 1, 1933.

CASE STUDY: Too Many Slides
Your first microbiology field trip is to a large university hospital lab. Urinary tract infections are quite 
common, so it is not surprising that urine specimens make up a large proportion of the samples submit-
ted for routine laboratory diagnosis. Nevertheless, you are surprised to learn that the lab technicians 
may examine 200 microscope slides of urine every day. You are given the opportunity to look at some of 
the slides and are asked to describe any microorganisms that you see.

Use the following choices to indicate which type of microorganism the one described in each question 
is most likely to be.

a. Alga
b. Bacterium
c. Fungus
d. Protozoan

Questions

1. In a wet mount of urine, you observe f lagellated, nucleated cells. Which type of microorganism is 
most likely?

2. In a fixed, stained slide, you don’t see any cells until you use the oil immersion objective. Which type 
of microorganism is most likely?

3. In a wet mount of the scrapings, you observe long filaments composed of many cells. Which type of 
microorganism is most likely?

A replica of the simple microscope made 

by Antoni van Leeuwenhoek to observe 

living organisms too small to be seen 

with the naked eye. The specimen was 

placed on the tip of the adjustable point 

and viewed from the other side through 

the tiny round lens. The highest magnifi-

cation with his lenses was about 300 ×.
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frame of the microscope consists of a base, a stage to 
hold the slide, an arm for carrying the microscope, and 
a body tube for transmitting the magnified image. 
The stage may have two clips or a movable mechanical 
stage to hold the slide. The light source is in the base. 
Above the light source is a condenser, which consists 
of several lenses that concentrate light on the slide by 
focusing it into a cone, as shown in FIGURE 1.1b. The 
condenser has an iris diaphragm, which controls the 
angle and size of the cone of light. This ability to control 
the amount of light ensures that optimal light will reach 
the slide. Above the stage, on one end of the body tube, 
is a revolving nosepiece holding three or four objective 
lenses. At the upper end of the tube is an ocular or 
eyepiece lens (10*  to 12.5* ). If a microscope has only 
one ocular lens, it is called a monocular microscope; a 
binocular microscope has two ocular lenses.

Focusing the Microscope
By moving the lens closer to the slide or the stage 
closer to the objective lens, using the coarse- or fine-
adjustment knob, one can focus the image. The larger 
knob, the coarse adjustment, is used for focusing 
with the low-power objectives (4*  and 10* ), and the 
smaller knob, the fine adjustment, is used for focus-
ing with the high-power and oil immersion lenses. The 
coarse-adjustment knob moves the lenses or the stage 
longer distances. The area seen through a microscope is 
called the field of vision. Depth of field is the thick-
ness of the object that is in focus at one time.

The magnification of a microscope depends 
on the type of objective lens used with the ocular. 
Compound microscopes have three or four objec-
tive lenses mounted on a nosepiece: scanning (4* ), 
low-power (10* ), high-dry (40*  to 45* ), and oil im-
mersion (97*  to 100* ). The magnification provided 
by each lens is stamped on the barrel. The total 
 magnification of the object is calculated by multiply-
ing the  magnification of the  ocular (usually 10* ) by the 
magnification of the objective lens. The most important 
lens in microbiology is the oil immersion lens; it has 

Use and Care  
of the Microscope

OBJECTIVES
After completing this exercise, you should be able to:

1. Demonstrate the correct use of a compound light 
microscope.

2. Name the major parts of a compound microscope.
3. Determine the relative sizes of different microbes.
4. Identify the three basic morphologies of bacteria.

BACKGROUND

Virtually all organisms studied in microbiology are invisi-
ble to the naked eye and require the use of optical systems 
for magnification. The microscope was invented shortly 
before 1660 by Zacharias Janssen of the Netherlands. 
The microscope was not used to examine microorganisms 
until the 1660s, when a clerk in a dry-goods store, Antoni 
van Leeuwenhoek, examined scrapings of his teeth, feces, 
and any other substances he could find. The early micro-
scopes, called simple microscopes, consisted of bicon-
vex lenses and were essentially magnifying glasses. (See 
the photograph on page 2.) To see microbes requires a 
compound microscope, which has two lenses between the 
eye and the object. This optical system magnifies the ob-
ject, and an illumination system (sun and mirror or lamp) 
ensures that adequate light is available for viewing. A 
brightfield compound microscope, which shows dark 
objects in a bright field, is used most often.

The most important DISCOVERIES of the laws, methods and progress of nature have nearly 

always sprung from the EXAMINATION of the smallest objects which she contains.

– J E A N  B A P T I S T E  L A M A R C K

EXERCISE

1

 ASM: Demonstrate ability in using a brightfield light microscope to view 
and interpret slides, including (a) correctly setting up and focusing the 
 microscope, (b) Proper handling, cleaning, and storage of the microscope, 
(c) correctly using all lenses, and (d) recording microscopic observations.

Play Lab Technique Video with Pre-Lab Quiz  
@MasteringMicrobiology Compound Microscope

The Microscope
You will be using a brightfield compound microscope 
similar to the one shown in FIGURE 1.1a. The basic 
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a characteristic of the lens system called numerical  
aperture. Resolving power is best when two objects 
are seen as distinct even though they are very close to-
gether. Resolving power is expressed in units of length; 
the smaller the distance, the better the resolving power.

Resolving power =
Wavelength of light used
2 * numerical aperture

 

Smaller wavelengths of light improve resolving 
power. The effect of decreasing the wavelength can be 
seen in electron microscopes, which use electrons as a 
source of “light.” The electrons have an extremely short 
wavelength and result in excellent resolving power. A 
light microscope has a resolving power of about 200 
nanometers (nm), whereas an electron microscope has 
a resolving power of less than 0.2 nm. The numerical 
aperture is engraved on the side of each objective lens 
(usually abbreviated N.A.). Increasing the numerical 
aperture—for example, from 0.65 to 1.25—improves 
the resolving power. The numerical aperture depends 
on the maximum angle of the light entering the objec-
tive lens and on the refractive index (the amount the 
light bends) of the material (usually air) between the 

the highest magnification (97*  to 100* ) and must be 
used with immersion oil. Optical systems could be built 
to magnify much more than the 1000*  magnification 
of your microscope, but the resolution would be poor.

The Light Source
Compound microscopes require a light source. The 
light may be reflected to the condenser by a mirror 
under the stage. If your microscope has a mirror, the 
sun or a lamp may be used as the light source. Most 
compound microscopes have a built-in illuminator in 
the base. The intensity of the light can be adjusted with 
a wheel that regulates the amount of current to the 
bulb. Higher magnification usually requires more light, 
which can be obtained by adjusting the iris diaphragm.

Resolution
Resolution, or resolving power, is the ability of a lens 
to reveal fine detail or two points distinctly separated. 
An example of resolution involves a car approaching you 
at night. At first only one light appears, but as the car 
nears, you can distinguish two headlights. The resolving 
power is a function of the wavelength of light used and 

(b) The path of light (bottom to top)

Line of vision
Ocular lens

Path of light
Prism

Body tube

Objective
lenses

Specimen

Condenser
lenses

Illuminator

Base with
source of
illumination

Arm

Coarse focusing knob

Fine focusing knob
Used for focusing the specimen; turning the
knob changes the distance between the 
objective lens and the specimen

Light intensity
Adjusts current
to lamp

Ocular lens
(eyepiece)
Remagnifies the
image formed by
the objective lens

Body tube Transmits
the image from the 
objective lens to the 
ocular lens

Objective lenses
Primary lenses that
magnify the specimen

Mechanical stage 
Holds the microscope 
slide

Diaphragm Controls the amount
of light entering the condenser

Illuminator Light source

Base 

Condenser Focuses
light through specimen

(a) Principal parts and functions

FIGURE 1.1 The compound light microscope. (a) Its principal parts and their functions. (b) Blue lines from the light source through the ocular lens 
trace the path of light.
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refraction because immersion oil has the same refrac-
tive index (N = 1.52) as glass (N = 1.52). This can be 
seen easily. When you look through a bottle of immer-
sion oil, you cannot see the glass rod in it because of 
the identical N values of the glass and immersion oil. 
Using oil minimizes light loss, and the lens focuses 
very close to the slide.

As light rays pass through a lens, they are bent to 
converge at the focal point, where an image is formed 
(FIGURE 1.3a). When you bring the center of a microscope 
field into focus, the periphery may be fuzzy because of the 
curvature of the lens, resulting in multiple focal points. 
This is called spherical aberration (FIGURE 1.3b). 
Spherical aberrations can be minimized by using the iris 
diaphragm, which eliminates light rays to the periphery 
of the lens, or by a series of lenses resulting in essentially 
a flat optical system. Sometimes a multitude of colors, or 
chromatic aberration, is seen in the field (FIGURE 1.3c).  
This is caused by the prism-like effect of the lens as vari-
ous wavelengths of white light pass through to a different 
focal point for each wavelength. Chromatic aberrations 
can be minimized by using filters (usually blue); or by 
lens systems corrected for red and blue light, called achro-
matic lenses; or by lenses corrected for red, blue, and other 
wavelengths, called apochromatic lenses. The most logi-
cal, but most expensive, method of eliminating chromatic 
aberrations is to use a light source of one wavelength, or 
monochromatic light.

GENERAL GUIDELINES
The microscope is a very important tool in microbiol-
ogy, and it must be used carefully and correctly. Follow 
these guidelines every time you use a microscope:

1. Carry the microscope with both hands: one hand 
beneath the base and one hand on the arm.

2. Do not tilt the microscope; instead, adjust your 
stool so you can comfortably use the instrument.

3. Observe the slide with both eyes open, to avoid 
eyestrain.

objective lens and the slide. This relationship is defined 
by the formula:

N.A. = N sin θ, where

N = Refractive index of the medium between 
     the objective lens and the slide

θ = Angle between the most divergent light ray 
   gathered by the lens and the center of the lens

As shown in FIGURE 1.2, light is refracted when 
it emerges from the slide because of the change in 
medium as the light passes from glass to air. When 
 immersion oil is placed between the slide and the 
oil immersion lens, the light ray continues without 

Oil immersion
objective lens

Immersion oil

Unrefracted
light

Without immersion 
oil, most light is 
refracted and lost

Glass slide

Condenser
lenses

Iris 
diaphragm

Light source

Condenser

Air

FIGURE 1.2 Refractive index. Because the glass microscope slide 
and immersion oil have the same refractive index, the oil keeps the light 
rays from refracting.

Lens Lens

Focal
point

(a) (b)

Lens

(c)

FIGURE 1.3 focal point. (a) An image is formed when light converges at one point, called the focal point. (b) Spherical aberration. Because the lenses 
are curved, light passing through one region of the lens has a different focal point from light passing through another part of the lens. (c) Chromatic aberra-
tion. The lens may give each wavelength of light a different focal point.
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4. Raise the condenser up to the stage. On some 
 microscopes, you can focus the condenser by the 
following procedure:
a. Focus with the 10*  objective.
b. Close the iris diaphragm so only a minimum of 

light enters the objective lens.
c. Lower the condenser until you see the light 

as a circle in the center of the field. On some 
microscopes, you can center the circle of light 
(FIGURE 1.4) by using the centering screws 
found on the condenser.

d. Raise the condenser up to the slide, lower 
it, and stop when the color on the periphery 
changes from pink to blue (usually 1 or 2 mm 
below the stage).

5. Open the iris diaphragm until the light just fills 
the field.

6. Adjust the contrast by changing the diaphragm 
opening. Diagram some of the cells on the slide 
under low power. Use a minimum of light by ad-
justing the ____________________________.

7. When you have brought an image into focus with 
low power, rotate the nosepiece to the next lens, 
and the subject will remain almost in focus. All of 
the objectives (with the possible exception of the 4*)  
are parfocal; that is, when a subject is in focus 
with one lens, it will be in focus with all of the 
lenses. However, the working distance—that 
is, the distance between the objective lens and 
the specimen—will change. In general, the work-
ing distance decreases as magnification increases. 
When you have completed your observations under 
low power, swing the high-dry objective into posi-
tion and focus. Use the fine adjustment. Only a 
slight adjustment should be required. Why? ____
______________________________________________
_______________________________________________
_______________________________________________
More light is usually needed at a higher magnifi-
cation. How can you increase the amount of light?  
______________________________________________
______________________________________________
Again, draw the general size and shape of some 
cells.

4. Always focus by moving the lens away from the 
slide.

5. Always focus slowly and carefully.
6. When using the low-power lens, keep the iris di-

aphragm barely open to achieve good contrast. 
Higher magnification requires more light.

7. Before using the oil immersion lens, have your 
slide in focus under high power. Always focus with 
low power first.

8. Keep the stage clean and free of oil. Keep all lenses 
except the oil immersion lens free of oil.

9. Keep all lenses clean. Use only lens paper to clean 
them. Wipe oil off the oil immersion lens before 
putting your microscope away. Do not touch the 
lenses with your hands.

10. Clean the ocular lens carefully with lens paper. If 
dust is present, it will rotate as you turn the lens. 
If needed, wet the lens paper with optical lens 
cleaner.

11. After use, remove the slide, wipe oil off it, put the 
dust cover on the microscope, and return it to the 
designated area.

12. When a problem does arise with the microscope, 
obtain help from the instructor. Do not use 
 another microscope unless yours is declared “out 
of action.”

Materials
Compound light microscope
Immersion oil
Lens paper and optical lens cleaner
Prepared slides of algae, fungi, protozoa, and bacteria

PROCEDURE

1. Place the microscope on the bench squarely in 
front of you.

2. Obtain a slide of algae, fungi, or protozoa, and 
place it in the clips on the mechanical stage.

3. Adjust the eyepieces on a binocular microscope to 
your own personal measurements.
a. Look through the eyepieces and, using the 

thumb wheel, adjust the distance between the 
eyepieces until one circle of light appears.

b. With the low-power (10* ) objective in place, 
cover the left eyepiece with a small card and 
focus the microscope on the slide. When the 
right eyepiece has been focused, remove your 
hand from the focusing knobs and cover the 
right eyepiece. Looking through the micro-
scope with your left eye, focus the left eyepiece 
by turning the eyepiece adjustment. Make a 
note of the number at which you focused the 
left eyepiece so you can adjust any binocular 
microscope for your eyes.

(a) (b) (c)

FIGURE 1.4 focusing the condenser. (a) Using low power, lower 
the condenser until a distinct circle of light is visible. (b) Center the circle 
of light using the centering screws. (c) Open the iris diaphragm until the 
light just fills the field.
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(a) Move the high-dry lens out of position. 

(b) Place a drop of immersion oil in the center of the slide.

(c) Move the oil immersion lens into position.

FIGURE 1.5 Using the oil immersion lens.

8. Move the high-dry lens out of position, and place 
a drop of immersion oil on the area of the slide 
you are observing. Carefully click the oil immer-
sion lens into position. It should now be immersed 
in the oil (FIGURE 1.5). Careful use of the fine- 
adjustment knob should bring the object into focus. 
Note the shape and size of the cells. Did the color of 
the cells change with the different lenses? ________
_______________________________________________
Did the size of the field change? ________________

9. Record your observations, and note the magnifi-
cations. (Use the following figures as references: 
Algae: Figure 2.1a and b on page 14 and 34.3 on 
page 267; protozoa: Figure 2.1c on page 14 and 
35.1 on page 273; fungi: Figure 33.2 on page 256.)

10. Repeat this procedure with all the available 
slides. When observing the bacteria, note the 
three  different morphologies, or shapes, shown in  
FIGURE 1.6. When your observations are  com-
pleted, move the nosepiece to bring a low-power 
objective into position. Do not rotate the high-dry 
(40* ) objective through the immersion oil. Remove 
the slide. Clean the oil off the objective lens with 
lens paper, and clean off the slide with tissue  
paper or a paper towel.
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(a) Bacillus (plural: bacilli) or rod (b) Coccus (plural: cocci) (c) Spiral

FIGURE 1.6 Basic shapes of bacteria.
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PURPOSE ________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

EXPECTED RESULTS
1. The high-dry lens will be optimal for observing multicellular fungi or algae. Agree/disagree

2. The oil immersion objective is necessary to determine the morphology of prokaryotes. Agree/disagree

RESULTS
Microscope number: ___________________________  Monocular or binocular: ____________________________

Eyepiece adjustment notes: _______________________________________________________________________

Draw a few representative cells from each slide, and show how they appeared at each magnification. Note the dif-
ferences in size at each magnification.

Algae
Slide of ______________________________________

Total  
magnification   ____ *                ____ *                ____ *

LABORATORY REPORT

Use and Care of the Microscope

EXERCISE

1
Name: _____________________________________________ Date: _________________ Lab Section: ___________




