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Preface

Benson’s Microbiological Applications has been the
“gold standard” of microbiology laboratory manuals for
over 30 years. This manual has a number of attractive fea-
tures that resulted in its adoption in universities, colleges,
and community colleges for a wide variety of microbi-
ology courses. These features include user-friendly dia-
grams that students can easily follow, clear instructions,
and an excellent array of reliable exercises suitable for
beginning or advanced microbiology courses.

In revising the lab manual for the thirteenth edi-
tion, we have tried to maintain the proven strengths of
the manual and further enhance it. We have updated the
introductory material of the fungi, protozoa, and algae
to reflect changes in scientific information. Finally, the
names of microorganisms used in the manual are con-
sistent with those used by the American Type Culture
Collection. This is important for those users who rely
on the ATCC for a source of cultures.

Guided Tour Through a Lab Exercise
Learning Outcomes

Each exercise opens with Learning Outcomes, which
list what a student should be able to do after complet-
ing the exercise.

Learning Outcomes ;

After completing this exercise, you should be able to

1. Prepare a negative stain of bacterial cells using the
slide-spreading or loop-spreading techniques.

2. Use the negative stain to visualize cells from your
teeth and mouth.

3. Discern different morphological types of bacterial
cells in a negative stain.

Introduction
The introduction describes the subject of the exercise or

the ideas that will be investigated. It includes all of the
information needed to perform the laboratory exercise.

?
Bacteriophages are viruses that infect bacterial cells.
They were first described by Twort and d’Herelle in
1915 when they both noted that bacterial cultures
spontaneously cleared and the bacteria-free liquid that
remained could cause new cultures of bacteria to also
clear. Because it appeared that the cultures were being
“eaten” by some unknown agent, d'Herelle coined the
term bacteriophage, which means “bacterial eater.”
Like all viruses, bacteriophages, or phages. for short,

Vi

First and Second Periods

In many cases, instructions are presented for two or
more class periods so you can proceed through an
exercise in an appropriate fashion.

(Inoculations and Incubation)

| Since six microorganisms and three kinds of media are
| involved in this experiment, it will be necessary for econ-
| omy of time and materials to have each student work

with _only thraa arcanicme Tha matariole Lict for thic |

(1) Seec riod

(Culture Evaluations and Spore Staining)

Remove the lid from the GasPak jar. If vacuum holds
| the inner lid firmly in place, break the vacuum by
| sliding the lid to the edge. When transporting the
| plates and tubes to your desk take care not to agitate
the FTM tubes. The position of growth in the medium
can be easily changed if handled carelessly.

Materials Needed
This section lists the laboratory materials that are
required to complete the exercise.

* broth cultures of Staphylococcus, Streptococcus, and
Bacillus

* Bunsen burner

* wire loop

* marking pen [
= slide holder (clothespin) [

* microscope slides ‘
‘
‘
‘

Procedures

The procedures and methods provide a set of detailed
instructions for accomplishing the planned laboratory
activities.

The two members of the class who are chosen to per-
| form the surgical scrub will set up their materials near
| asink for convenience. As one student performs the
| scrub, the other will assist in reading the instructions
| and providing materials as needed. The basic steps.



[llustrations

[llustrations provide visual instructions for perform-
ing steps in procedures or are used to identify parts of
instruments or specimens.
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Laboratory Reports

A Laboratory Report to be completed by students
immediately follows most of the exercises. These
Laboratory Reports are designed to guide and rein-
force student learning and provide a convenient place
for recording data. These reports include various types
of review activities, tables for recoding observations
and experimental results, and questions dealing with
the analysis of such data.

As aresult of these activities, students will increase
their skills in gathering information by observation
and experimentation. By completing all of the assess-
ments in the Laboratory Reports, students will be able
to determine if they accomplished all of the learning
outcomes.

PREFACE

Laboratory Report

0 Preparation of Stock Cultures

L E. coli B, megaterium

a Room Temperature

Laboratory Report

25 Jsolstion of Phages from Flies

encil, circle and label three plagues o one of the plates and record their sizes i
als

PLAQUE SIZE

(millimeters)
\ - I— — |
o , e e ‘
‘ : |
|
|

. Do the pla

fly-broth filtrate?

wdent
on the chalkboard on 3 tabl

187

Digital Tools for Your Lab Course
McGraw-Hill Connect®

McGraw-Hill Connect allows instructors and stu-
dents to use art and animations for assignments and
lectures. A robust set of questions and activities are
presented and aligned with the lab manual’s exer-
cises. As an instructor, you can edit existing questions
and author entirely new problems. Track individual
student performance—by question, assignment, or
in relation to the class overall—with detailed grade
reports. Instructors also have access to a variety of
new resources, including assignable and gradable lab
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PREFACE

Part 4, Staining and Observation of Microorganisms

e Exercises 11-18 on staining reactions have been

reorganized and modified. Exercises have photo-
graphs in larger formats and some new photographs
to show expected results. Also, each exercise now
has its own set of results and questions, thus elimi-
nating the necessity for students to record results
and search for photos in later exercises.

Exercise 15, Gram Staining, now includes new
enlarged photomicrographs depicting gram-posi-
tive and gram-negative cells and align clearly with
the procedure. More background on the history,
importance, and theoretical basis of the Gram
staining method has also been included. A cor-
rected figure for the Gram stain steps is included
as well. Procedures have slightly changed so that
students have control bacteria on each slide to
assist them in determining the success of their
staining technique. The Laboratory Report has
been enhanced, asking students to apply the con-
cepts of cell shape and arrangement when evaluat-
ing their stained results.

Part 5, Culture Methods

Enumeration of Bacteria: The Standard Plate Count,
Exercise 21, now has photos of a set of serial dilution
plates of a bacterial sample.

Part 6, Bacterial Viruses

» The steps in the infection of a bacterial cell by a

bacteriophage have been revised in Exercise 23,
Determination of a Bacteriophage Titer.
Exercise 24, A One-Step Bacteriophage Growth
Curve, includes major revisions that have been
made to the background material and the pro-
cedure for enhanced student understanding and
ease of implementation in the classroom. A
figure of the one-step growth curve was added
to the introductory material. Procedural figures
were revised or deleted for clarity and align-
ment with changes to procedure. A graphing
exercise and related analysis was added to the
Laboratory Report.

Part 7, Environmental Influences and Control
of Microbial Growth

* Exercise 27, Effects of Oxygen on Growth, has

been revised to include the discussion of how
oxygen influences growth and how it defines vari-
ous classes of bacteria. Photographs showing the
growth patterns of aerobes, anaerobes, microaero-
philes, and facultative anaerobes in thioglycollate
broth have replaced a diagram.

A description of the organisms associated with
human skin has been added to Exercise 33, Evalu-
ation of Alcohol: Its Effectiveness as an Antiseptic.
Antimicrobic Sensitivity Testing: The Kirby-Bauer
Method, Exercise 34, has been updated with new
information concerning health worker—acquired
infections and the problem of antibiotic-resistant
bacteria. New photographs of Kirby-Bauer plates
showing sensitivity and resistance have been
added, as well as photos showing how to measure
the zone of inhibition.

Part 8, Identification of Unknown Bacteria

Exercise 39, Physiological Characteristics: Oxi-
dation and Fermentation Tests, now includes new
photos of fermentation reactions (Durham tubes),
the MRVP test, the citrate test, and the catalase.
Added to Exercise 40, Physiological Character-
istics: Hydrolytic and Degradative Reactions, are
new photos of starch, casein, and fat hydrolysis.
Physiological Characteristics: Multiple Test Media,
Exercise 41, has new photos for SIM medium
showing motility and hydrogen sulfide production.
Enhanced photos of litmus milk reactions, includ-
ing stormy fermentation, have also been added.
The introductory material and separation outlines
for Exercise 42, Use of Bergey’s Manual, have been
updated to reflect the current edition of Bergey's
and the different volumes (both determinative and
systematic). An additional challenge was added to
this exercise aimed at teaching students how to use
a table of test results and construct a flow chart to
determine the identity of an unknown bacterium. A
new lab report was added to this exercise for both
the original procedure and the additional challenge.

Part 10, Diversity and Environmental Microbiology

Exercise 47, Isolation of an Antibiotic Producer:
The Streptomyces, includes the revision of the
introductory section focusing on the role of the
Streptomyces in antibiotic production. New pho-
tos of Streptomyces colonies on glycerol yeast
extract agar have been added.

Part 13, Medical Microbiology

Exercise 69, The Staphylococci: Isolation and
Identification, includes new photos for Gram stain
of staph, coagulase test. methyl green DNase test
agar, and novobiocin sensitivity of Staphylococcus
epidermidis.

The Streptococci and Enterococci: Isolation and
Identification, Exercise 70, includes a new photo of
Gram stain of strep.



* Exercise 71, Gram-Negative Intestinal Pathogens,
includes new photos of lactose fermenters on McCo-
nkey and Eosin methylene blue agar.

* A Synthetic Epidemic, Exercise 72, has two new
figures added to the introductory material, highlight-
ing the two different categories of epidemics and the
concept of herd immunity. Procedure B and its corre-
sponding lab report section were revised to illustrate
the concept of herd immunity.

Part 14, Immunology and Serology

* Exercise 74, Slide Agglutination Test for S. aureus,
has a new photo of the C-reactive protein aggluti-
nation test showing positive and negative results.
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Basic Miology Lbotory Safety

Every student and instructor must focus on the need for
safety in the microbiology laboratory. While the lab is a
fascinating and exciting learning environment, there are
hazards that must be acknowledged and rules that must
be followed to prevent accidents and contamination
with microbes. The following guidelines will provide
every member of the laboratory section the information
required to assure a safe learning environment.

Microbiological laboratories
are special, often unique environ- G
ments that may pose identifiable
infectious disease risks to persons \ /
who work in or near them. Infec-
tions have been contacted in the 1, o symbol must e sfixed 1o
laboratory throughout the hiStory o serenmaiy riectove matense.
of microbiology. Early reports Courtesy of the Centers for
described  laboratory-associated Disease Control
cases of typhoid, cholera, glanders, brucellosis, and teta-
nus, to name a few. Recent reports have documented
laboratory-acquired cases in laboratory workers and
health-care personnel involving Bacillus anthracis, Bor-
detella pertussis, Brucella, Burkholderia pseudomallei,
Campylobacter, Chlamydia, and toxins from Clostrid-
ium tetani, Clostridium botulinum, and Corynebacte-
rium diphtheriae. While we have a greater knowledge
of these agents and antibiotics with which to treat them,
safety and handling still remain primary issues.

The term “containment” is used to describe the
safe methods and procedures for handling and manag-
ing microorganisms in the laboratory. An important
laboratory procedure practiced by all microbiologists
that will guarantee containment is aseptic technique,
which prevents workers from contaminating them-
selves with microorganisms, ensures that others and
the work area do not become contaminated, and also
ensures that microbial cultures do not become unneces-
sarily contaminated with unwanted organisms. Contain-
ment involves personnel and the immediate laboratory
and is provided by good microbiological technique and
the use of appropriate safety equipment. Containment
also guarantees that infectious agents do not escape from
the laboratory and contaminate the environment external
to the lab. Containment, therefore, relies on good micro-
biological technique and laboratory protocol as well as
elements of laboratory design.

Biosafety Levels (BSL)

The recommended biosafety level(s) for handling
microorganisms represent the potential of the agent
to cause disease and the conditions under which the
agent should be safely handled. The Centers for Dis-

Xii

ease Control classifies organisms into levels and sets
guidelines for handling and safety measures required.
These levels take into account many factors such as
virulence, pathogenicity, antibiotic resistance patterns,
vaccine and treatment availability, and other factors.
The recommended biosafety levels are as follows:

I. BSL 1—agents not known to cause disease in
healthy adults; standard microbiological practices
(SMP) apply; no safety equipment required: sinks
required. Examples: Bacillus subtilis, Micrococ-
cus luteus.

. BSLL 2—agents associated with human disease:
standard microbiological practices apply plus
limited access, biohazard signs, sharps precau-
tions, and a biosafety manual required. Biosafety
cabinet (BSC) used for aerosol/splash generat-
ing operations; lab coats, gloves, face protection
required; contaminated waste is autoclaved.

S

All microorganisms used in the exercises in this
manual are classified as BSL 1 or BSL 2. Examples:
Staphylococcus — aureus,  Streptococcus — pyogenes.
Note: Although some of the organisms that students
will culture and work with are classified as BSL 2,
these organisms are laboratory strains that do not
pose the same threat of infection as primary isolates
of the same organism taken from patients in clinical
samples. Hence, these laboratory strains can, in most
cases, be handled using normal procedures and equip-
ment found in the vast majority of student teaching
laboratories. However, it should be emphasized that
many bacteria are opportunistic pathogens, and there-
fore all microorganisms should be handled by observ-
ing proper techniques and precautions.

3. BSL 3—indigenous/exotic agents that may have
serious or lethal consequences and with a poten-
tial for aerosol transmission. BSL 2 practices plus
controlled access: decontamination of all waste
and lab clothing before laundering: determination
of baseline antibody titers to agents; biosafety
cabinets used for all specimen manipulations:
respiratory protection used as needed: physical
separation from access corridors: double door
access: negative airflow into the lab; exhaust
air not recirculated. Examples: Mycobacterium
tuberculosis and vesicular stomatitis virus (VSV).

4. BSL. 4—dangerous/exotic agents of a life-
threatening nature or unknown risk of transmis-
sion: BSL 3 practices plus clothing change before
entering the laboratory: shower required before
leaving the lab; all materials decontaminated on



exit; positive pressure personnel suit required for
entry: separated/isolated building; dedicated air
supply/exhaust and decontamination systems.
Examples: Ebola and Lassa viruses.

Each of the biosafety levels consist of combina-

tions of laboratory practices and techniques, safety
equipment, and laboratory facilities. Each combina-
tion is specifically appropriate for the operations per-
formed and the documented or suspected routes of
transmission of the infectious agents. Common to
all biosafety levels are standard practices, especially
aseptic technique. Refer to the Biosafety Levels table
on page xvi for a list of common organisms.

Standard Laboratory Rules
and Practices

l.

[§9]

Students should store all books and materials not
used in the laboratory in areas or receptacles des-
ignated for that purpose. Only necessary materi-
als such as a lab notebook, the laboratory manual,
and pen/pencil should be brought to the student
work area.

. Eating, drinking. chewing gum, and smoking

are not allowed in the laboratory. Students must
also avoid handling contact lenses or applying
makeup while in the laboratory.

. Safety equipment:

a. Some labs will require that lab coats be worn
in the laboratory at all times. Others may
make this optional or not required. Lab coats
can protect a student from contamination by
microorganisms that he/she is working with
and prevent contamination from stains and
chemicals. At the end of the laboratory ses-
sion, lab coats are usually stored in the lab in a
manner prescribed by the instructor. Lab coats,
gloves, and safety equipment should not be
worn outside of the laboratory unless properly
decontaminated first.

b. You may be required to wear gloves while
performing the lab exercises. This is espe-
cially important if you have open wounds.
They protect the hands against contamina-
tion by microorganisms and prevent the hands
from coming in direct contact with stains and
other reagents.

¢. Face protection/safety glasses may be required
by some instructors while you are perform-
ing experiments. Safety glasses can prevent
materials from coming in contact with the eyes.
They must be worn especially when working
with ultraviolet light to prevent eye damage
because they block out UV rays. If procedures
involve the potential for splash/aerosols, face
protection should be worn.

10.

14.

BASIC MICROBIOLOGY LABORATORY SAFETY

d. Know the location of eye wash and shower sta-
tions in the event of an accident that requires the
use of this equipment. Also know the location
of first aid kits.

. Sandals or open-toe shoes are not to be worn in

the laboratory. Accidental dropping of objects
or cultures could result in serious injury or
infection.

. Students with long hair should tie the hair back

to avoid accidents when working with Bunsen
burners/open flames. Long hair can also be a source
of contamination when working with cultures.

. Before beginning the activities for the day, work

areas should be wiped down with the disinfec-
tant that is provided for that purpose. Likewise,
when work is finished for the day, the work area
should be treated with disinfectant to ensure that
any contamination from the exercise performed is
destroyed. Avoid contamination of the work sur-
face by not placing contaminated pipettes, loops/
needles, or swabs on the work surface. Dispose of
contaminated paper towels used for swabbing in
the biohazard container.

. Use extreme caution when working with open

flames. The flame on a Bunsen burner is often
difficult to see when not in use. Caution is impera-
tive when working with alcohol and open flames.
Alcohol is highly flammable, and fires can easily
result when using glass rods that have been dipped
in alcohol. Always make sure the gas is turned
off before leaving the laboratory.

. Any cuts or injuries on the hands must be cov-

ered with band-aids to prevent contamination. If
you injure or cut yourself during the laboratory,
notify the laboratory instructor immediately.

. Pipetting by mouth is prohibited in the lab. All

pipetting must be performed with pipette aids. Be
especially careful when inserting glass pipettes
into pipette aids as the pipette can break and cause
a serious injury.

Know the location of exits and fire extinguishers
in the laboratory.

. Most importantly, read the exercise and under-

stand the laboratory protocol before coming to
laboratory. In this way you will be familiar with
potential hazards in the exercise.

. When working with microfuges, be familiar with

their safe operation and make sure thatall microfuge
tubes are securely capped before centrifuging.

. When working with electrophoresis equipment,

follow the directions carefully to avoid electric
shock.

If you have any allergies or medical conditions
that might be complicated by participating in the
laboratory, inform the instructor. Women who are
pregnant should discuss the matter of enrolling in

Xili



BASIC MICROBIOLOGY LABORATORY SAFETY

18.

the lab with their family physician and the labora-
tory instructor.

. Unless directed to do so, do not subculture any

unknown organisms isolated from the environ-
ment as they could be potential pathogens.

. Avoid handling personal items such as cell phones,

calculators, and cosmetics while performing the
day’s exercise.

. You may be required to sign a safety agreement

stating that you have been informed about safety
issues and precautions and the hazardous nature
of microorganisms that you may handle during
the laboratory course.

Avoid wearing dangling jewelry to lab.

Disposal of Biological Wastes

Dispose of all contaminated materials properly and in
the appropriate containers:

1.

XiV

. Sharps containers—sharps,

Biohazard containers—biohazard containers are
to be lined with clear autoclave bags; disposable
petri plates, used gloves, and any materials such as
contaminated paper towels should be discarded in
these containers; no glassware, test tubes, or sharp
items are to be disposed of in biohazard containers.
slides, coverslips,
broken glass, disposable pipettes, and Pasteur
pipettes should be discarded in these containers. If
instructed to do so, you can discard contaminated
swabs, wooden sticks, and microfuge tubes in the
sharps containers.

3.

. Trash cans—any noncontaminated

Discard shelves, carts, bins, etc.—contaminated
culture tubes and glassware used to store media
and other glassware should be placed in these
areas for decontamination and washing.
materials,
paper, or trash should be discarded in these con-
tainers. Under no circumstances should laboratory
waste be disposed of in trash cans.

Discard other materials as directed by your

instructor. This may involve placing materials such as
slides contaminated with blood in disinfectant baths
before these materials can be discarded.

Emergencies

Surface Contamination

1

2.

. Report all spills immediately to the laboratory

instructor.
Cover the spill with paper towels and saturate the
paper towels with disinfectant.

. Allow the disinfectant to act for at least 20 minutes.
. Remove any glass or solid material with forceps

or scoop and discard the waste in an appropriate
manner.

Personnel Contamination

1.
2.

3.

Notify lab instructor.

Clean exposed area with soap/water, eye wash
(eyes) or saline (mouth).

Apply first aid.



BASIC MICROBIOLOGY LABORATORY SAFETY

Biosafety Levels for Selected Infectious Agents

BIOSAFETY LEVEL
(BSL)

BSL 1

TYPICAL RISK
Not likely to pose a disease risk to healthy adults.

ORGANISM

Achromobacter denitrificans
Alcaligenes faecalis

Bacillus cereus

Bacillus subtilis
Corynebacterium pseudodiphtheriticum
Enterococcus faecalis
Micrococcus luteus

Neisseria sicca

Proteus vulgaris
Pseudomonas aeruginosa
Staphylococcus epidermidis
Staphylococcus saprophyticus

BSL 2

Poses a moderate risk to healthy adults; unlikely to
spread throughout community; effective treatment
readily available.

Enterobacter aerogenes

Escherichia coli

Klebsiella pneumoniae
Mycobacterium phlei

Salmonella enterica var. Typhimurium
Shigella flexneri

Staphylococcus aureus
Streptococcus pneumoniae
Streptococcus pyogenes

BSL 3

Can cause disease in healthy adults; may spread to
community; effective treatment readily available.

Blastomyces dermatitidis
Chlamydia trachomatis
Coccidioides immitis
Coxiella burnetii
Francisella tularensis
Histoplasma capsulatum
Mycobacterium bovis
Mycobacterium tuberculosis
Pseudomonas mallei
Rickettsia canadensis
Rickettsia prowazekii
Yersinia pestis

BSL 4

Can cause disease in healthy adults; poses a lethal
risk and does not respond to vaccines or antimicrobial
therapy.

Filovirus
Herpesvirus simiae
Lassa virus
Marburg virus

XV



BASIC MICROBIOLOGY LABORATORY SAFETY

Microorganisms Used or Isolated in the Lab Exercises in This Manual

: GRAM STAIN AND i i
ORGANISM MORPHOLOGY | HABITAT BSL | LAB EXERCISE
Alcaligenes faecalis Negative rod Decomposing organic 1 29,42
ATCC 8750 material, feces
Azotobacter nigricans Negative rod Soil, water 1 50
ATCC 35009
Azotobacter vinelandii Negative rod Soil, water 1 50
ATCC 478
Bacillus mycoides Positive rod Soil 1 57
ATCC 6462 in chains
Bacillus coagulans Positive rod Spoiled food, silage 1 63
ATCC 7050
Bacillus megaterium Positive rod Soil, water 1 12; 13,15, 16;: 31,
ATCC 14581 62
Bacillus subtilis Positive rod Soil, decomposing 1 27, 40
ATCC 23857 organic matter
Candida glabrata Yeast Human oral cavity 1 29
ATCC 200918
Chromobacterium violaceum Negative rod Soil and water; opportunistic 1 10
ATCC 12472 pathogen in humans
Citrobacter freundii Negative rod Humans, animals, soil 1 71
ATCC 8090 water; sewage

opportunistic
pathogen
Clostridium beijerinckii Positive rod Soil 1 27
ATCC 25752
Clostridium sporogenes Positive rod Soil, animal feces 1 27,55, 63
ATCC 3584
Corynebacterium xerosis Positive rods, Conjunctiva, skin 1 12
ATCC 373 club-shaped
Desulfovibrio desulfuricans Negative, curved | Soil, sewage, water 1 54
ATCC 25577 rods
Enterobacter aerogenes Negative rods Feces of humans 2 27, 39,42, 59
ATCC 13048 and animals
Enterococcus faecalis Positive cocci in Water, sewage, soil, 2 27,42,70,75
ATCC 19433 pairs, short chains | dairy products
Enterococcus faecium Positive cocci in Feces of humans and 2 70,75
ATCC 19434 pairs, short chains | animals
Escherichia coli Negative rods Sewage, intestinal tract 2 9,10, 15, 21, 23, 24,

ATCC 11775

XVi

of warm-blooded
animals

25, 27, 28, 29, 30, 32,
34, 39, 40, 41, 42, 56,
57,59, 62, 63, 65, 66,
67



BASIC MICROBIOLOGY LABORATORY SAFETY

Microorganisms Used or Isolated in the Lab Exercises in This Manual (continued)

GRAMSTAIN et e |

ORGANISM AND MORPHOLOGY HABITAT BSL
Geobeacillus stearothermophilus Gram-positive rods Soil, spoiled food 1
ATCC 12980
Halobacterium salinarium Gives gram-negative Salted fish, hides, 1 30
ATCC 33170 reaction; rods meats
Klebsiella pneumoniae Negative rods Intestinal tract of humans; 2 14, 42
ATCC 13883 respiratory and intestinal

pathogen in humans
Lactococcus lactis Positive cocci in chains Milk and milk products 1 12
ATCC 19435
Micrococcus luteus Positive cocci that Mammalian skin 1 10, 18, 32, 42
ATCC 12698 occur in pairs
Moraxella catarrhalis Negative cocci that Pharynx of humans 1 15
ATCC 25238 often occur in pairs

with flattened sides

Mycobacterium smegmatis Positive rods; may be Smegma of humans 1 17
ATCC 19420 Y-shaped or branched
Paracoccus denitrificans Negative spherical cells | Soil 1] 51
ATCC 17741 or short rods
Penicillium chrysogenum Filamentous fungus Soll 1 57
ATCC 10106
Proteus vulgaris Negative rods Intestines of humans, 1 18, 34, 40, 41, 42,
ATCC 29905 and animals; soil and 56, 71

polluted waters
Pseudomonas aeruginosa Negative rods Soil and water; 1 15, 34, 35, 39, 42
ATCC 10145 opportunistic

pathogen in humans
Pseudomonas fluorescens Negative rods Soil, water, spoiled 11 57
ATCC 13525 food; clinical

specimens
Saccharomyces cerevisiae Yeast Fruit, used in beer, wine, 1 29
ATCC 18824 and bread
Salmonella enterica subsp. Negative rods Most frequent agent 2 42,71,73
enterica serovar Typhimurium of Salmonella
ATCC 700720D-5 gastroenteritis

in humans
Serratia marcescens Negative rods Opportunistic pathogen 1 10, 28, 42, 72
ATCC 13880 in humans
Shigella flexneri Negative rods Pathogen of humans 2 | 71
ATCC 29903
Staphylococcus aureus Positive cocci, Skin, nose, Gl tract 2 10,12;13; 15;

ATCC 12600

irregular clusters

of humans, pathogen

17, 26, 27, 29, 30,
31, 32, 34, 35, 39,
40, 41, 42, 55, 56,
57,62, 69,70, 74

XVii



BASIC MICROBIOLOGY LABORATORY SAFETY

Microorganisms Used or Isolated in the Lab Exercises in This Manual (continued)

GRAM STAIN
ORGANISM AND MORPHOLOGY HABITAT BSL LAB EXERCISE
Staphylococcus epidermidis Positive cocci Human skin, animals; 1 | 42,47,69
ATCC 14990 that occur in pairs opportunistic pathogen
and tetrads
Staphylococcus saprophyticus Positive cocci Human skin; 1 69
ATCC 15305 that occur singly opportunistic pathogen
and in pairs in the urinary tract
Streptococcus agalactiae Positive cocci; Upper respiratory and 2 70,75
ATCC 13813 occurs in long chains vaginal tract of humans,
cattle; pathogen
Streptococcus bovis Positive cocci; Cattle, sheep, pigs; 2 70,75
ATCC 33317 pairs and chains occasional pathogen
in humans
Streptococcus dysagalactiae Positive cocci in chains Mastitis in cattle 2 70
subsp. equisimilis
ATCC 43078
Streptococcus mitis Positive cocci in pairs Oral cavity of humans 2 70
ATCC 49456 and chains
Streptococcus mutans Positive cocci in pairs Tooth surface of 2 70
ATCC 25175D-5 and chains humans, causes
dental caries
Streptococcus pneumoniae Positive cocci in pairs Human pathogen 2 70
ATCC 33400D-5
Streptococcus pyogenes Positive cocci Human respiratory 2 70, 75
ATCC 12344 in chains tract; pathogen
Streptococcus salivarius Positive cocci Tongue and saliva 2 70
ATCC 19258 in short and long chains
Thermoanaerobacterium Negative rods; Soil, spoiled canned 1 63

thermosaccharolyticum
ATCC 7956

XVilii

single cells or pairs

foods
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