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Overview

A modern general microbiology laboratory manual that combines the procedural details of a
laboratory manual with the photographic support of a laboratory atlas. The 46 class-tested
laboratory experiments are divided into 9 specialty areas, and the extensive four-color illustration
program includes 220 photos and micrographs plus 150 line drawings.

Features

An extensive full-color art program integrated into the laboratory exercises allows students to not only conduct a
variety of laboratory exercises but also to interpret and confirm their results with the help of the large collection of color
photographs.

Unique exercise!! Simulation of Infectious Disease Transmission (Lab Exercise 44). Developed in conjunction with
the pioneering program "The Biology Project" at the University of Arizona, this exercise allows class members to trade
simulated "body fluids" in a random pattern coordinated by the lab instructor. ELISA testing makes it clear to students
how easily the mock pathogen has passed through intermediaries to individualsin distant locations (across the lab).

Emphasis on modern lab safety issues. Besides the usual safety advisories, this manual includes a table ranking the
Biosafety Level of every bacteria used in the lab exercises, specific guidelines for working with bacteria in each
Biosafety Level, and prominent icons throughout the lab exercises advising students of the Biosafety Level of the
bacteria in use. Safety Stops throughout the manual also remind students of particular hazards in each exercise. No
other lab manual on the market provides the Biosafety Level cautions and identification.
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Preface

When students move from the lecture hall to the micro-
biology laboratory, they need help bridging the
gap between the theory and the practice of what they are
learning. The equipment is unfamiliar, the procedures
are unfamiliar, and many of the materials they are han-
dling are unfamiliar. Linking the information from their
classroom lectures to the laboratory procedures is nec-
essary for their ultimate success. Our goal for this
laboratory manual is to provide the bridge that helps
students integrate their classroom lectures with their
laboratory experiences. This integrated approach is
the only way to ensure understanding and mastery in
microbiology.

Features "

e Class-tested experiments have been vetted in our
own courses and provide a thoughtful progression
of opportunities—from basic lab techniques, such
as Exercises 9-15 on various staining techniques,
to more challenging exercises, such as the simu-
lated epidemic in Exercise 44: “Enzyme-linked
Immunosorbent Assay (ELISA).” This building-
block approach allows students to develop
comfort and confidence in their laboratory skills.

Exceptional full-color art program includes over
250 of our own photographs created specifically
for these laboratory exercises, plus 150 line
drawings of equipment, procedures, and results.
Students can easily confirm their results and
procedures by referring to the illustrations.

Exceptional attention to safety issues is given
throughout the manual. A basic lab safety section
beginning on page xi includes a table identifying
the biosafety level of every organism used in the
experiments. The BSL 2 icon @ appears where
appropriate to remind students of the needed safety
precautions when working with pathogens. Caution
symbols ¥ appear throughout the lab manual to
provide students with additional safety warnings
as needed.

© The McGraw-Hill
Companies, 2003

Organization

Our 46 exercises are organized into the following nine
sections:

Section I Survey of Microscopic Organisms

Section II Staining Techniques

Section IIT Bacterial Cultivation

Section IV Bacterial Identification

Section V Medical Microbiology

Section VI Controlling the Risk and Spread
of Bacterial Infections

Section VII  Bacterial Genetics

Section VIII ~ Viruses

Section IX Hematology and Serology

The standard presentation of each section makes it easy
for both students and lab managers to prepare for an
exercise. Each exercise:

1. Opens with a short background that conveys only
information relevant to the exercise.

2. Lists all needed materials, by category.

3. Presents procedures for the exercise in easy-to-
follow steps and includes special notes, hints, and
instructions to ensure success.

4. Integrates all photographs and line drawings into
the text of the exercise where they will provide
the student with the most support.

5. Includes a tear-out laboratory report conveniently
located at the end of the exercise.

Instructor Support Material

An Instructor Image Bank provides digital files in the
easy-to-use JPEG format for all of the photos and line
art included in this lab manual. They are organized by
section and placed in PowerPoint sets for easy access.
These may prove useful for lab preparation packets,
testing, or discussion sessions. Ask your McGraw-Hill
representative for further details.

ix
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The Instructor’s Manual for this set of labora-
tory exercises may be found online at:

www.mhhe.com/biosci/ap/labcentral/

It provides answers to lab report questions, tips for lab
exercise success, and other useful information.
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Safety Guidelines for the
Microbiology Laboratory

General Guidelines for Every Lab Session

1. Wear appropriate clothing and shoes to the laboratory. Shoes must completely cover the feet to
provide protection from broken glass and spills.
. Place all books, backpacks, purses, etc., in an area designated by your laboratory instructor. Carry to
your work area only the items you will use in the lab.
. Wash your hands thoroughly with antibacterial soap before beginning the lab session.
. Wipe your work area with disinfectant, and allow to air-dry before beginning the lab session.
. Do not perform activities in the lab until you are given instructions by your laboratory instructor.
. Do not eat, drink, smoke, or apply makeup while working in the laboratory.
. If you cut or burn yourself while working, report this immediately to your laboratory instructor.
. Broken glassware should be immediately brought to the attention of your laboratory instructor. Bro-
ken glass should be placed in a special sharps container for disposal and not in the
trash container.
9. If using a Bunsen burner, tie back long hair. Do not lean over the countertop. When in use, always be
aware of the flame. Keep flammable items away from the flame. Turn off the burner when not in use.
10. Before leaving the lab, make sure all items have been returned to their appropriate location.
11. After your work area is clear, wipe down your countertop with disinfectant before leaving.
12. Wash your hands thoroughly with antibacterial soap before leaving the lab.
13. Do not remove any item from the lab unless you have been directed to do so by the laboratory
instructor.

[\

[cBEN Ie) WV, NSNS

Guidelines for Working with Biosafety Level (BSL) 1 Bacteria

Handling live bacteria in the laboratory, even those considered nonpathogenic, requires special guidelines
beyond the general guidelines already mentioned. All bacteria are potentially pathogenic, especially if
they gain entry into the human body. So observe the following guidelines when handling the biosafety
level (BSL) 1 bacteria listed in the summary table.

1. Do not put anything into your mouth when working with cultures. Do not pipette by mouth; use a
pipette aid instead. Keep your hands, pencil, pen, etc., away from your mouth, eyes, and nose.

2. When inoculating cultures, sterilize the loop or needle before placing it on the counter.

3. Always keep tubes in test tube racks when working with liquid media. Do not stand them up or lay
them down on the countertop where they may spill.

4. If you accidentally spill a culture, cover the spill with a paper towel, flood it with disinfectant, and
notify your laboratory instructor.

5. Place all used culture media, paper towels, gloves, etc., into the waste container designated by your
laboratory instructor. A separate waste container for sharps (slides, pipettes, swabs, broken glass,
etc.) will also be provided. All this waste will be autoclaved before disposal or reuse. Do not throw
any of these items into the trash container.

6. If you have a burn or wound on one of your hands, cover it with a plastic strip and wear disposable
gloves for added protection.

xi
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Guidelines for Working with Biosafety Level (BSL) 2 Bacteria

Handling pathogenic bacteria in the laboratory requires special guidelines beyond the general guidelines and
those for BSL 1 bacteria. The following additional guidelines apply when working with the biosafety level
(BSL) 2 bacteria listed in the summary table.

1. When handling pathogens, access to the laboratory must be restricted to only those working in
the lab.

2. Disposable gloves and a lab coat must be worn. The gloves should be disposed of in a container des-
ignated by the instructor. The lab coat must be removed before leaving and kept in a designated area
of the lab.

3. Avoid creating aerosols when working with pathogens. If there is a chance of creating tiny airborne
droplets, work under a safety hood.

Summary of Biosafety Levels for Infectious Agents

Biosafety level (BSL) Description of infectious agents Examples from this lab manual

1 Agents that typically do not cause
disease in healthy adults; they
generally do not pose a disease
risk to humans.

Alcaligenes denitrificans
Alcaligenes faecalis

Bacillus cereus

Bacillus subtilis
Corynebacterium pseudodiphtheriticum
Enterobacter aerogenes
Enterococcus faecalis
Escherichia coli

Micrococcus luteus

Neisseria sicca

Proteus vulgaris
Pseudomonas aeruginosa
Serratia marcescens
Staphylococcus epidermidis
Staphylococcus saprophyticus

2 Agents that can cause disease in Klebsiella pneumoniae
healthy adults; they pose Mycobacterium phlei
moderate disease risk to Salmonella typhimurium
humans. Shigella flexneri
Staphylococcus aureus
Streptococcus pneumoniae
Streptococcus pyogenes
3 Agents that can cause disease in None; these agents are not used in

healthy adults; they are airborne
and pose a more serious disease
risk to humans.

this lab manual.

4 Agents that can cause disease in
healthy adults; they pose a
lethal disease risk to humans;
no vaccines or therapy
available.

None; these agents are not used in
this lab manual.

xii
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Universal Precautions

All human blood and certain other body fluids are treated as if they are infectious for blood-borne pathogens,
such as human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus (HCV).
Such precautions are the rule among nurses, doctors, phlebotomists, and clinical laboratory personnel,

and are a critical component of infection control.

1.
2.
3.

Wear gloves.

Change gloves when they are soiled or torn.

Remove gloves when you are finished handling a specimen, and before you touch other objects such
as drawer handles, door knobs, refrigerator handles, pens/pencils, and paper.

. Wash hands thoroughly with soap and water after removing gloves.
. Dispose of gloves and blood-contaminated materials in a biohazard receptacle.

Additional precautions that may not apply to this laboratory exercise:

. Wear a lab coat when soiling with blood or body fluids is possible.
. Wear a mask, goggles, or glasses with side shields if splashing of the face is possible.

Safety Commitment

I have read and understand the safety guidelines described above. I declare my commitment to safety in

the microbiology laboratory and promise to follow each rule during the course of the semester.

Name Date

xiii
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Background

The study of microscopic organisms is greatly aided by
the use of microscopes. The light microscope (LM) mag-
nifies objects up to 1,000 times (1,000x) and can be used
to study cell size, shape, and arrangement. However, the
LM gives little information about internal cell structures.
The internal details of a cell are studied using a trans-
mission electron microscope (TEM), since useful mag-
nifications of up to 100,000x are possible. The infection
of a cell by viruses or bacteria can also be studied using
a TEM. In addition, a three-dimensional view of cells in
their natural environment is possible with a scanning
electron microscope (SEM). Useful magnifications of up
to 20,000x are obtained with a SEM.

This exercise is designed to familiarize you with the
structure, function, and use of the light microscope. In
addition, TEM and SEM views of cells will be provided
for comparison.

Materials /A

Prepared slides (2)
Blood (human)
Budding yeast

Equipment
Microscope
Miscellaneous supplies

Immersion oil
Lens paper

Procedure /|

1. Familiarize yourself with the structure and
function of the light microscope by reviewing
the following: (a) the microscope in figure 1.1;
(b) the parts of the microscope and their
functions in table 1.1; and (c) the magnifications
obtained using different objectives in table 1.2.
Complete step 1 of the laboratory report.

1. Structure, Function, and
Use of the Microscope

Structure, Function,
and Use of the Microscope

© The McGraw-Hill
Companies, 2003

Table 1.1 Functions of the Parts of
the Light Microscope™

Part

Function

1. Ocular (eyepiece)

10.
11.
12.

13.

14.

15.

16.
17.

18.

19.

N

Thumb wheel

Lock screw
Head
Arm

Revolving
nosepiece

Objective

Slide holder

Mechanical
stage

Stage
Stage aperture

Condenser

Diaphragm lever

Substage-
adjustment knob

Mechanical-
stage control

Light source

Coarse-
adjustment knob

Fine-adjustment
knob

Base

Magnifies image, usually 10x

Adjusts distance between
oculars to match your eyes

Secures head after rotation
Holds oculars
Holds head and stage

Rotates objective lenses
into viewing position

Magnifies image, usually low
(4x), medium (10x), high dry
(40x), and oil-immersion
(100x)

Fixed and movable parts
secure slide on stage

Includes slide holder and is
used to locate specimen

Holds slide
Admits light

Focuses light on specimen
and fills lens with light

Controls amount of light
entering stage aperture

Raises and lowers condenser

Moves slide back and forth
on stage

[lluminates specimen

Rapidly brings specimen into
focus

Slowly brings specimen into
sharp focus

Supports microscope

*Parts are listed in order from top to bottom, and their numbers
correspond to those in figure 1.1.




Alexander-Strete-Niles: 1. Survey of Microscopic

Lab Exercises in Organisms

Organismal and Molecular
Microbiology

(15) Mechanical-
stage control

(5) Arm

(7) Objective
(10) Stage

(17) Coarse—

adjustment knob

(18) Fine—

adjustment knob

(14) Substage—

adjustment knob —-

1. Structure, Function, and © The McGraw-Hill

Use of the Microscope Companies, 2003

(19) Base

(3) Lock screw

Structure, Function, and Use of the Microscope  EXERCISE 1

(2) Thumb
wheel

(4) Head

(6) Revolving
nosepiece

(9) Mechanical
stage

(8) Slide holder

(11) Stage aperture
near center

(12) Condenser

(13) Diaphragm
lever

y L (16) Light source

Figure 1.1 The parts of the microscope.

Table 1.2 Toral Magnification Possible
with Different Objective Lenses
of the Light Microscope

Power Objective Ocular Total

lens lens  magnification
Low 4x 10x 40x
Medium 10x 10x 100x
High dry 40x 10x 400x
Oil- 100x 10x 1,000

immersion

2. Table 1.3 lists the steps for using the light
microscope. Follow these steps carefully as you
examine two slides: human blood and budding
yeast. Using figure 1.2 as a guide, identify as
many of the cell types and structures as you can.
For each slide, record in the laboratory report
what you see at 40x, 100x, 400x, and 1,000x.

3. Examine the photographs of the TEM
(figure 1.3) and the SEM (figure 1.4).
Also examine the images of cells that these
microscopes provide (figures 1.5-1.8).
How do these views of cells differ from
those provided by the light microscope?

3



4

Alexander-Strete-Niles: 1. Survey of Microscopic 1. Structure, Function, and © The McGraw-Hill
Lab Exercises in Organisms Use of the Microscope Companies, 2003
Organismal and Molecular

Microbiology

SECTION I Survey of Microscopic Organisms

Table 1.3 Steps in the Use of the Light Microscope

Carry the microscope upright with two hands (figure 1.9, p.10). Place the microscope on the countertop, plug it in,
and turn on the light. Follow these steps as you examine the human blood and budding yeast slides:

1.
2.
3.

Clip the slide into place on the stage using the slide holder.
Use the mechanical-stage control to move the slide so that the specimen is centered over the condenser.

Rotate the nosepiece to position the 4x objective (figure 1.10a, p. 11). When this objective is in place over the
specimen, move the coarse-adjustment knob until the stage and objective are as close together as possible.

While looking through the oculars, move the coarse-adjustment knob to slowly increase the distance between the
stage and the objective. Stop when the specimen comes into focus.

Adjust the distance of the ocular lens by moving the thumb wheel until two images become one.

6. Close your left eye, and focus for the right eye using the fine-adjustment knob. Close your right eye, and focus for

10.

11.

the left eye using the focusing ring on the left ocular lens. Open both eyes and move the fine-adjustment knob
until a sharp image is obtained. You are now ready to make your observations at 40X total magnification.

Center the specimen, and then rotate the nosepiece to position the 10X objective (figure 1.10b, p. 11). Since most
microscopes are parfocal, the only adjustment that should be necessary is the fine adjustment. When the image is
sharp, make your observations at 100X total magnification.

Rotate the nosepiece to position the 40x objective (figure 1.10c, p. 11). Move the fine-adjustment knob, and make
your observations at 400X total magnification.

Move the 40X objective out of the way, and place a drop of immersion oil on top of the specimen. Position the
100x oil-immersion objective (figure 1.10d, p. 11). Move only the fine-adjustment knob. You may need to open
the iris diaphragm with the diaphragm lever to allow more light to enter the objective lens. Make your
observations at 1,000 total magnification.

When observations are complete, position the 4x objective lens and wipe the oil off the oil-immersion objective
with a piece of lens paper. Remove the slide from the stage, and wipe off the oil if the specimen is covered by a
coverslip. If not, let the oil drain off by placing the slide upright in a slide box.

When finished, turn off the light, unplug the cord, and wrap it around the base. Return the microscope to the
storage cabinet.

o*%e®

(a)

Lobed nucleus Nuclei Parent cell

Red blood cells Neutrophils Lymphocytes Yeast cells
(b)

Figure 1.2 (a) Formed elements of human blood (1,000x); (b) Yeast cells (1,000x).
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Figure 1.4 Scanning electron microscope (SEM).



Alexander-Strete-Niles: 1. Survey of Microscopic 1. Structure, Function, and © The McGraw-Hill
Lab Exercises in Organisms Use of the Microscope
Organismal and Molecular

Microbiology

Companies, 2003

6 SECTION I Survey of Microscopic Organisms

Figure 1.5 TEM view of white blood cells showing the internal structures characteristic of eucaryotic cells (12,000x).
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Figure 1.6 TEM view of a virus-infected cell. Viruses are the circular particles with dark centers (20,000x).
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8 SECTION I Survey of Microscopic Organisms

Figure 1.7 TEM view of a Chlamydia-infected cell. Chlamydia bacteria are the numerous dark circles (3,000%).
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L,

Figure 1.8 SEM view of fungal hyphae on the surface of a potato leaf (5,000x).



Alexander-Strete-Niles: 1. Survey of Microscopic 1. Structure, Function, and
Lab Exercises in Organisms Use of the Microscope
Organismal and Molecular

Microbiology

10 SECTION I Survey of Microscopic Organisms

Figure 1.9 Method used to carry the light microscope.

© The McGraw-Hill
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(a) 4% objective (b) 10x objective

(c) 40x objective (d) 100x oil-immersion objective

Figure 1.10 Positions of light microscope objectives when viewing the specimen.
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E X E R CT1I S E

L. ABORATORY REPORT

NAME DATE

LAB SECTION

Structure, Function, and Use of the Microscope

1. Identify the parts (a—f) of the microscope below, and fill in their functions.

Part Function Part Function
d.

b. e.

c f.

13
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1. Structure, Function, and
Use of the Microscope

© The McGraw-Hill
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2. Depict the morphology of a few representative cells at each total magnification. Try to draw the cells

at the size scale you observed.

a. Human blood
Draw and label the
cell types you find.

@
C

40x

O
O

b. Budding yeast
Draw and label parent
cells and buds you find.

400x

@
O

40x

O
O

400x

100x

1,000

100x

1,000
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3. Which microscope (LM, TEM, or SEM) would be most useful to study the following?

a. Size of cells

b. Whether or not a cell has a nucleus (i.e., is procaryotic or eucaryotic)

c. Whether or not a cell is infected with viruses

d. A three-dimensional view of cells attached to a surface

e. Cell shapes and arrangements

f. Cells infected with Chlamydia

4. Answer the following questions in the space provided.
a. (1) Give the general formula used to calculate the total magnification:

X = total magnification

(2) What is the total magnification when using the 100X oil-immersion objective lens?

b. In general, should the condenser be kept close to or far from the stage? Explain.

¢. When increasing magnification from high dry to oil-immersion, should the iris diaphragm be

open or closed? How is this done? Does this adjustment increase or decrease the light reaching
the objective lens?

d. Explain why oil must be used with the oil-immersion lens.

e. Based on your observations of blood cells and yeast cells, which total magnification would you
recommend for best viewing? Explain.

15
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1. Survey of Microscopic
Organisms

Invertebrates

Background /]

Microorganisms (bacteria, cyanobacteria, fungi, pro-
tozoans, and algae) and small animals (multicellular
parasites and microscopic invertebrates) display a vari-
ety of shapes and sizes (table 2.1). Figure 2.1 depicts

Kingdom Plantae  Kingdom Fungi  Kingdom Animalia

(Multicellular eucaryotes)

Nonphotosynthetic
(absorb food)
Photosynthetic Nonphotosynthetic
\ (ingest food)
Protozoans and algae
Kingdom Protista / (unicellular eucaryotes)
/ Bacteria and cyanobacteria
Kingdom Monera (unicellular procaryotes)

(a) Whittaker system

Eucaryotes

| — Protozoans

Eubacteria
Archaebacteria
Other bacteria
Cyanobacteria Extreme thermophiles,

- halophiles, and methanogens

(b) Woese system

Figure 2.1 Two classification systems recognized by
biologists and microbiologists: (a) the five-kingdom
classification system of R. H. Whittaker; (b) the
three-domain system of C. Woese.

2. Micro. Comparisons of
Microorganisms, Multi.
Parasites & Micro. Invert.

Microscopic Comparisons of Microorganisms,
Multicellular Parasites, and Microscopic

© The McGraw-Hill
Companies, 2003

two widely accepted classification systems for these
organisms. The Whittaker system, which consists of five
kingdoms, emphasizes differences in cellular traits and
nutrition, while the Woese system, which consists of
three domains, emphasizes differences in biochemical
traits. Neither system includes the viruses, due to their
unique makeup and method of replication.

In this exercise, you will use the microscope to
make comparisons of the microscopic organisms exam-
ined in Section I. You will learn to make size measure-
ments, and will measure a variety of microscopic
organisms. After you measure, be sure to note the mor-
phology of the microorganisms, multicellular parasites,
and microscopic invertebrates.

Materials /]

Prepared slides (8)
Select one slide from each category in
table 2.1.

Equipment
Light microscope

Miscellaneous supplies
Immersion oil
Lens paper
Ocular micrometer
Stage micrometer slide

Procedure g

1. Clip the stage micrometer slide into position
on the stage, and position the scale over the
condenser (figure 2.2a, b). Focus on the scale
using the 4x objective lens.

2. Align the ocular micrometer and stage
micrometer scales as depicted in figure 2.2c.
Now follow figure 2.2d to calibrate the ocular
micrometer for the 4x objective lens.

17
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Table 2.1 Typical Sizes of Selected
Microscopic Organisms

2. Micro. Comparisons of © The McGraw-Hill
Microorganisms, Multi. Companies, 2003
Parasites & Micro. Invert.

Microscopic Size (in

Organism microns, [L)

Bacteria

Bacillus 8

Escherichia coli 2-3

Spirillum 20

Staphylococcus 1

Treponema pallidum 15

Cyanobacteria

Oscillatoria (filament) 400

Yeasts (fungi)

Saccharomyces (with bud) 10

Molds (fungi)

Aspergillus (conidiophore) 1,200

Rhizopus (zygospore) 400

Protozoans

Amoeba proteus 300

Paramecium caudatum 200

Algae

Diatoms (centric) 100

Diatoms (pennate) 50

Dinoflagellates 100

Spirogyra (filament) 2,500

Volvox (colony) 200

Multicellular parasites

Clonorchis sinensis 7,500
(liver fluke)

Dipylidium caninum 2,500
(tapeworm proglottid)

Microscopic invertebrates

Cyclops 500

Daphnia 500

Nauplius larvae 600

Tick 2,500

4x objective

(@
Y Y
Ocular micrometer Stage micrometer
(b)
LI B
mm
|||||||||‘|||||||||‘|||||||||‘|||||||||
(0

Sample calculation from (c):

Stage micrometer Ocular micrometer Calibration
40x:

(1) 0.5 mm 20 ocular units (ou's) 0.025 mm/ou
(2) 1.0 mm 40 ocular units (ou's) 0.025 mm/ou

Average = 25 p/ou
(@)

Figure 2.2 Calibration of the ocular micrometer.
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Table 2.2 Calculafions in the Calibrafion of the Ocular Micrometer

Stage micrometer

Ocular micrometer

Calibration

a. 40x

Average

Average

d. 1,000x
Calibration at 100x /10

Average

. Repeat the calibration steps for the 10x and 40x
objectives. To calculate the calibration for the
100x objective, take the calibration for the 10x
objective and divide by 10. Record your ocular
calibration results in table 2.2 and in the
laboratory report.

. Select one slide from each category in table 2.1
(eight total). Using your ocular calibration
results, calculate and record in the laboratory

report the size of each organism at the
appropriate magnification. When comparing your
results to those in table 2.1, do not expect results
for every organism to be exactly like those
shown, since the size of individual cells and

cell groupings may vary.

. Also be sure to depict the morphology of

each organism in the circles provided in the
laboratory report.
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Microscopic Comparisons of Microorganisms, Multicellular
Parasites, and Microscopic Invertebrates

1. Record your ocular calibration results from table 2.2.

40x: ___ p/ocular unit (ou)
100x: —— p/ou

400x: — p/ou

1,000: — up/ou

2. Determine the size of each of the eight selected organisms by multiplying the length you measured in
ocular units by the appropriate ocular calibration result recorded in question 1. Also sketch each

organism in the circle provided.

Bacteria

Organism

Magnification
Length (inou’s)

Size ( ou’s X

wow = p

Cyanobacteria

Organism

Magnification
Length (inou’s)

Size ( ou’s X

wow = ____p

21
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Yeasts (fungi) Molds (fungi)

Organism Organism

Magnification Magnification

Length (inou’s) Length (in ou’s)

Size ( ou’s X pou) = Size ( ou’s X pou) =
Protozoans Algae

Organism Organism

Magnification Magnification

Length (inou’s) Length (in ou’s)

Size ( ou’s X pou) = Size ( ou’s X pwou) =
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Multicellular parasites Microscopic invertebrates

Organism Organism

Magnification Magnification

Length (inou’s) Length (inou’s)

Size ( ou’s X pou) = Size ( ou’s X pou) =

3. List the eight organisms based on size, from smallest (1) to largest (8). Also list the magnification used to
view each organism.

Organism Size (W) Magnification used for viewing

® NS A R

4. Answer the following questions in the space provided.

a. Based on your measurements and morphological observations, describe how the following
microorganisms are different from one another.

How are cyanobacteria different from bacteria?

How are yeasts different from bacteria?

How are molds different from bacteria and yeasts?

How are protozoans different from bacteria?

How are protozoans different from algae?
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b. Based on the Whittaker system, to which kingdom do the following organisms belong?
Organism Kingdom

Protozoans

Yeasts

Bacteria

Microscopic invertebrates

Algae
Molds

Multicellular parasites

Cyanobacteria

5. Identify each of the following photos as bacteria, cyanobacteria, yeasts, molds, protozoans, algae,
a multicellular parasite, or a microscopic invertebrate.

A s
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Microbial Procaryotes: Bacteria
and Cyanobacteria

- ) j L
nobacteria ar rophi ntaining the n -
Background ﬁ cya })ac eria a e}lutqt ophic, containing the neces
: sary light-absorbing pigments to carry out photosyn-
Bacteria and cyanobacteria are both procaryotic thesis. Cyanobacteria and algae are responsible for the
microorganisms that belong to the Kingdom Monera majority of the organic production that occurs in aquatic
in the Whittaker classification scheme. All pathogenic environments and wet soils.
bacteria and most environmental bacteria are het- Bacteria come in a variety of cell shapes, includ-
erotrophic, lacking the light-absorbing pigments nec- ing rod, club, spirillum, spirochete, vibrio, and coc-
essary to carry out photosynthesis. In contrast, cus (figure 3.1a). When bacteria grow (one cell dividing
(D G| Diplobacilli
Shortrod D C_OC _DC _DC D  Streptobacilli
_—
Longrod D ()
Cords
(@)
Club — _ V V-shapes
Spirillum N\ NS\
Spirochete  NNNNNS
Vibrio SS9
m Diplococci
% Tetrads
Coccus Q > Streptococci
Staphylococci
(a) Cell shapes (b) Cell arrangements

(after cell division)

Figure 3.1 (a) Cell shapes and (b) cell arrangements in bacteria.
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;
R <

Colonies Chains Filaments

Figure 3.2 Cell arrangements in cyanobacteria.

to become two, the two cells dividing to become four,
the four cells dividing to become eight, and so on), cells
may separate or remain together. If cells remain
together, a number of cell arrangements are possible,
such as diplobacilli, streptobacilli, cords, V-shapes,
diplococci, tetrads, streptococci, and staphylococci
(figure 3.1b). Cell shape and arrangement are important
characteristics used to identify bacteria.

Cyanobacteria come in a variety of shapes and
arrangements as well. Their cells may be spherical or
cubical, and arranged in a colony, chain, or filament
(figure 3.2).

In this exercise, you will examine the variety of
cell shapes and arrangements seen in bacteria and
cyanobacteria.

Materials

Prepared slides
Bacteria (11)
Bacillus (large rods and streptobacilli)
Corynebacterium diphtheriae (club and
V-shapes); causes diphtheria
Escherichia coli (short rods)
Micrococcus luteus (cocci and tetrads)
Mycobacterium tuberculosis (rods and
cords); causes tuberculosis
Neisseria gonorrhoeae (cocci and
diplococci); causes gonorrhea
Spirillum volutans (spirillum)
Staphylococcus epidermidis (cocci and
staphylococci)
Streptococcus pyogenes (cocci and
streptococci); causes strep throat
Treponema pallidum (spirochete); causes
syphilis
Vibrio cholerae (vibrio); causes cholera

Cyanobacteria (4)
Anabaena (chains)
Gleocapsa (colony)
Nostoc (chains)
Oscillatoria (filaments)

Equipment
Light microscope
Miscellaneous supplies

Immersion oil
Lens paper

Procedure

1. Examine each of the prepared slides of bacteria
using the oil-immersion lens. Note the variety
of cell shapes and arrangements displayed
by bacteria.

2. Examine the prepared slides of cyanobacteria
using the 10x or 40X objective lens. Note the
variety of forms displayed by cyanobacteria.



Alexander-Strete-Niles: 1. Survey of Microscopic 3. Microbial © The McGraw-Hill

Lab Exercises in Organisms Procaryotes:Bacteria and Companies, 2003
Organismal and Molecular Cyanobacteria
Microbiology

E X E R CT1I S E

L. ABORATORY REPORT

NAME DATE

LAB SECTION

Microbial Procaryotes: Bacteria and Cyanobacteria

1. Draw the bacteria and cyanobacteria you observed. Depict cell size, shape, and arrangement as
accurately as possible.

a. Bacteria

(

Bacillus Corynebacterium diphtheriae
Magnification Magnification

Cell shape Cell shape

Cell arrangement Cell arrangement
Escherichia coli Micrococcus luteus
Magnification Magnification

Cell shape Cell shape

Cell arrangement

27
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C
C

Mycobacterium tuberculosis

Magnification

Cell shape

Cell arrangement

C
C

Spirillum volutans

Magnification

Cell shape

O
O

Streptococcus pyogenes

Magnification

Cell shape

Cell arrangement

Neisseria gonorrhoeae
Magnification

Cell shape

Cell arrangement

Staphylococcus epidermidis
Magnification

Cell shape

Cell arrangement

Treponema pallidum
Magnification

Cell shape
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C
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Vibrio cholerae
Magnification

Cell shape

1. Survey of Microscopic

3. Microbial
Procaryotes:Bacteria and
Cyanobacteria

Microbial Procaryotes: Bacteria and Cyanobacteria

. Cyanobacteria

C

Anabaena
Magnification

Cell shape

Cell arrangement

C

Nostoc
Magnification

Cell shape

Cell arrangement

Gleocapsa
Magnification

Cell shape

© The McGraw-Hill
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Cell arrangement

Oscillatoria
Magnification

Cell shape

Cell arrangement
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2. Answer the following questions in the space provided.

a. How are bacteria and cyanobacteria similar? Dissimilar?

b. Why is “cyanobacteria” a more appropriate term than “blue-green algae”?

c. Can cell shape and arrangement be useful in bacterial identification? If so, give three specific
examples based on your observations.

3. Identify the cell shape and arrangement depicted in the following photographs of bacteria and
cyanobacteria. Also give an example of a genus with these traits.

a. Cell shape b. Cell shape c. Cell shape
Genus Cell arrangement Cell arrangement
Genus Genus

d. Cell shape e. Cell shape f. Cell shape

Cell arrangement Genus Cell arrangement

Genus Genus
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g. Cell shape h. Cell shape i. Cell shape

Genus Cell arrangement Cell arrangement

Genus Genus
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Microbial Eucaryotes: Fungi

Background , ﬁ

Fungi exhibit a diversity of growth forms, such as
yeasts, molds, mushrooms, cup fungi, and lichens
(figure 4.1a). These organisms reproduce in a variety of
ways: (1) formation of a bud from a parent yeast cell;

Vegetative cells
of hyphae

4. Microbial Eucaryotes:

© The McGraw-Hill
Companies, 2003

(2) addition of new cells to chains of cells called
hyphae; and (3) production of asexual and sexual
spores (figure 4.1b). The type of sexual spore produced,
whether zygospore, ascospore, or basidiospore, is
used to classify fungi into groups.

Cap
- Gills

Stipe

Mushroom

Cup fungus Lichen (fruticose)
(a) Growth forms
Sporangiospores
]~ Sporangium A Conidia
Asexual
Sporangiophore Conidiophore
Ascus Basidium
-
Sexual =
Zygospore Ascospores Basidiospores
Zygomycota Ascomycota Basidiomycota
(b) Spore types

Figure 4.1 (a) Growth forms and (b) spore types in fungi.
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This exercise will introduce you to the variety using the steps outlined in figure 4.2. Examine
of growth forms in fungi and their methods of this preparation using the light microscope.
reproduction. Note the structures you see, including hyphae

and asexual spores.
Materials d 2. Examine the six prepared slides of fungi using

the light microscope. Note the distinctive
structure of each fungus examined, including
hyphae, buds, conidia, zygospores, ascospores,
and basidiospores.

Fungal cultures on Sabouraud dextrose agar (4)
Aspergillus (mold)
Penicillium (mold)
Rhizopus (mold)

Saccharomyces (yeast) 3. Examine and record your observations of the dry

specimens of a mushroom and lichens on a tree
Prepared slides of fungi (6) branch.

Candida albicans (pathogenic yeast);
causes candidiasis
Coprinus (mushroom with basidiospores

on gills) @) Usi ivette. ol
. . a) Using a pipette, place a
Pezzza' (cup fungu§ with a.scospores) drop of lactophenol
Physcia (lichen with fungi and algae cotton blue on the
symbiosis) center of the slide.

Rhizopus (bread mold with zygospores)

. ! Hold a piece of
Saccharomyces (brewing and baking yeast (b) Hold a piece o

. clear tape in a
with buds) U-shape, sticky side
down.

Dry specimens of fungi obtained locally (2)
Lichens (on a tree branch) A

Mushrooms (from a field or market) Sticky side
Equipment (¢) Gently touch the
Dissecting microscope surface of a mold
Light microscope colony. ”;
I
Miscellaneous supplies Rd
Clear tape Colony of mold _
Glass slides
Immersion oil (d) Place tape sticky side
Lactophenol cotton blue (for staining molds) down in a drop of -
Lens paper lactophenol cotton
pap blue.
(e) Fold extra length of
Procedure tape around‘edges of L=+
1. a. Examine the colonies of the four fungal slide. Examine
microscopically.

cultures. The use of a dissecting microscope

may aid your examination. Figure 4.2 Pressure-tape preparation of fungi.
b. After examining the colonies, make a pressure-
tape preparation of the three mold cultures
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Microbial Eucaryotes: Fungi

1. Record your results from the examination of fungal cultures.

Fungal culture Colony description

Aspergillus (mold)

Penicillium (mold)

Rhizopus (mold)

Saccharomyces (yeast)

2. Draw from the microscopic examination of pressure-tape preparations of the three mold cultures.

Aspergillus Penicillium

Magnification Magnification
Rhizopus

Magnification

S5
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3. Draw the organisms you observed in the prepared slides of fungi.

C
C

Candida albicans, pathogenic
yeast

Magnification

9
9

Peziza, cup fungus
(ascospores)

Magnification

C
C

Rhizopus, bread mold
(zygospores)

Magnification

Coprinus, mushroom
(gill with basidiospores)

Magnification

Physcia, lichen
(fungal filaments and algae)

Magnification

Saccharomyces, yeast
(cells with buds)

Magnification
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4. a. Draw a mushroom, and label the following parts: stipe, cap, and gills.

b. Draw a lichen on a tree branch. What two components form a lichen?

5. Answer the following questions in the space provided.

a. Describe two differences between molds and yeasts.

b. Name two characteristics that are used to distinguish one fungus from another.

c. Aspergillus fumigatus causes an infection of the lungs called aspergillosis. How do you think this
disease is acquired?

37
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6. Identify the following photos.
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Background Py

In the Whittaker classification scheme, protozoans and
algae are members of the Kingdom Protista. Proto-
zoans are unicellular, nonphotosynthetic protists that are
widespread in aquatic environments and wet soils. In

Sarcodina
(amebas)
Pseudopodia
Ciliophora
(ciliates)
Paramecium
Mastigophora
(flagellates)
Flagella
Trichomonas
Apicomplexa
(sporozoans)
Ring stage
Red blood cell
Plasmodium

this group, the type of organelle for motility is an impor-
tant trait in classification. Protozoans have pseudo-
podia, cilia, or flagella, with the exception of the
members of one group, the sporozoans, which do not
have any of these structures (figure 5.1).

Figure 5.1 Representative protozoans, listed by phylum name. 39
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Table 5.1 Distinguishing Traifs of the Algae

Algal group (division) Distinguishing traits

Diatoms (Chrysophyta) Unicellular or chains of cells; silica cell walls consisting of overlapping halves;
freshwater and marine

Dinoflagellates (Pyrrophyta) Unicellular; armor of cellulose plates; 2 flagella; marine

Euglenoids (Euglenophyta) Unicellular; red eyespot; 1 or 2 flagella; 2 to many chloroplasts; freshwater

Green algae (Chlorophyta) Unicellular, colonial, and filamentous micro-algae; multicellular macro-algae;
dominant pigment chlorophyll (green); freshwater and marine

Brown algae (Phaeophyta) Multicellular macro-algae; dominant pigment fucoxanthin (brown); marine

Red algae (Rhodophyta) Multicellular macro-algae; dominant pigment phycobilins (red); marine

Algae are photosynthetic protists that inhabit
aquatic environments, where they are the primary
agents responsible for the synthesis of organic mole-
cules. They occur in a variety of forms, including uni-
cellular, colonial, and filamentous micro-algae, and
large, multicellular macro-algae. Several traits, such
as morphology and photosynthetic pigments, are used
to classify algae into the six groups shown in figure
5.2 and listed in table 5.1.

In this exercise, you will experience the diversity of
the Kingdom Protista by examining a variety of pro-
tozoans and algae.

Materials A

Prepared slides or live cultures
Free-living protozoans (2)
Amoeba (ameba)
Paramecium (ciliate)

Prepared slides
Pathogenic protozoans (2)
Plasmodium (sporozoan); causes malaria
Trichomonas vaginalis (flagellate);
causes trichomoniasis

Micro-algae (6)
Cladophora (filamentous green algae)
Diatoms (unicellular and chain-forming

chrysophytes)

Dinoflagellates (unicellular pyrrophytes)
Euglena (unicellular euglenoids)
Spirogyra (filamentous green algae)
Volvox (colonial green algae)

Preserved whole specimens of macro-algae (3)
Padina (brown algae)
Sargassum (brown algae)
Ulva (green algae)

Pond water sample

Equipment
Light microscope

Miscellaneous supplies
Coverslips
Glass slides
Immersion oil
Lens paper
Pasteur pipette with bulb
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Chrysophyta
(diatoms)

Pyrrophyta
(dinoflagellates)

Euglenophyta
(euglenoids)

Chlorophyta
(green algae)

Phaeophyta
(brown algae)

Rhodophyta
(red algae)

1. Survey of Microscopic
Organisms

Centric

5. Microbial Eucaryotes:
Protozoans and Algae

Microbial Eucaryotes: Protozoans and Algae

Pennate

Euglena

Spirogyra Volvox

Sargassum

Polysiphonia

Figure 5.2 Representative algae, listed by division name.
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3. Visually examine the preserved whole specimens

Procedure

(a) Obtain water from the bottom of

1. Examine microscopically the prepared slides or
live specimens of free-living protozoans and the
prepared slides of pathogenic protozoans. Live
specimens of free-living protozoans can be
examined using the wet mount preparation steps
depicted in figure 5.3. For all protozoans, note
the presence of pseudopodia, cilia, or flagella.

2. Examine microscopically the prepared slides of
micro-algae. During your examination, note
features such as cell morphology, cell
arrangement, shape of chloroplasts, and
unique structures.

T

a live specimen container or pond
water sample, and place on a
glass slide.

(b) Using a pair of forceps, position a
coverslip over the sample.

of macro-algae, noting morphology, color,
and unique structures.

. Prepare several wet mounts of pond water using

the procedure in figure 5.3. The pond water
sample should contain both protozoans and
micro-algae in the bottom sediment, so make sure
you get some of this material with your pipette.
Draw a few of the representative organisms you
see under the microscope.

(c) Lower the coverslip over the sample.
Remove excess water around the slip
edge by blotting with tissue paper.

Figure 5.3 Wet mount preparation for viewing live specimens in pond water.



Alexander-Strete-Niles: 1. Survey of Microscopic 5. Microbial Eucaryotes:
Lab Exercises in Organisms Protozoans and Algae
Organismal and Molecular

Microbiology

© The McGraw-Hill
Companies, 2003

E X E R CT1I S E

L. ABORATORY REPORT

NAME DATE

LAB SECTION

Microbial Eucaryotes: Protozoans and Algae

1. Draw your microscopic observations of free-living and pathogenic protozoans.

a. Free-living protozoans

@

Amoeba (ameba) Paramecium (ciliate)
Magnification Magnification
Pseudopodia, cilia, or Pseudopodia, cilia, or
flagella? flagella?

b. Pathogenic protozoans

@

Plasmodium (sporozoan) Trichomonas vaginalis (flagellate)
Magnification Magnification
Pseudopodia, cilia, or Pseudopodia, cilia, or

flagella? flagella?

43
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2. Sketch your microscopic observations of micro-algae.

C
C

Cladophora (green algae)

Magnification

C
C

Dinoflagellates (pyrrophytes)

Magnification

C
C

Spirogyra (green algae)

Magnification

5. Microbial Eucaryotes:
Protozoans and Algae

Companies, 2003

Diatoms (chrysophytes)

Magnification

Euglena (euglenoid)

Magnification

Volvox (green algae)

Magnification

© The McGraw-Hill
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3. Draw the general morphology of the preserved whole specimens of macro-algae.

45

Padina (brown algae) Sargassum (brown algae) Ulva (green algae)
4. Sketch several representative forms of protozoans and micro-algae you observed in the pond water.

a. Protozoans

ORe

Magnification Magnification

b. Micro-algae

ORe

Magnification Magnification
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5. Answer the following questions in the space provided.

a. On what basis are protozoan groups differentiated from one another?

b. On what basis are algal groups differentiated from one another?

c. How are protozoans and algae similar? Dissimilar?

6. Identify the following photos.

a. Genus b. Genus c. Genus

Algal group Algal group Algal group
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Flatworms and Roundworms

Background /]

Multicellular parasites include flatworms (flukes and
tapeworms) of the Phylum Platyhelminthes, and round-
worms of the Phylum Nematoda. While flatworms are
flattened in cross section, roundworms are round in
cross section.

Flukes are flatworms with oral suckers and ven-
tral suckers. Flukes, such as the Chinese liver fluke,
Clonorchis sinensis, and the blood fluke, Schistosoma
mansoni, infect humans, causing clonorchiasis and
schistosomiasis, respectively. Clonorchiasis is acquired
by ingesting raw or undercooked fish, while schisto-
somiasis is acquired when larvae penetrate human skin
(figure 6.1).

Tapeworms are flatworms that have an anterior
scolex for intestinal attachment and produce reproduc-
tive segments called proglottids. The tapeworms of the
genus Taenia infect humans, causing taeniasis. This
infection is contracted by ingesting undercooked beef
or pork (figure 6.2).

Roundworms also infect humans, including the
roundworm Ascaris lumbricoides, the cause of ascari-
asis; Enterobius vermicularis, the cause of enterobiasis;
and Trichinella spiralis, the cause of trichinosis. Ascari-
asis and enterobiasis are contracted by ingesting food
or water contaminated with roundworm eggs, while
trichinosis is contracted by consuming undercooked
pork (figure 6.3).

In this exercise, you will examine basic structural
characteristics and life cycle aspects of these multicel-
lular parasites.

Materials 2/

Preserved specimen (1)
Ascaris (roundworms, male and female)

Prepared slides
Flukes (5)
Clonorchis (adult)

© The McGraw-Hill
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Clonorchis (eggs)
Schistosoma (adult)
Schistosoma (eggs)
Schistosoma (cercaria)

Tapeworms (4)
Taenia (scolex)
Taenia (mature or gravid proglottid)
Taenia (eggs)
Taenia (cysticercus)

Roundworms (5)
Ascaris (eggs)
Enterobius (adult)
Enterobius (eggs)
Trichinella (adult)
Trichinella (larvae)

Equipment

Microscope

Miscellaneous supplies

Immersion oil
Lens paper

Procedure g

1.

Examine the prepared slides of flukes,
noting unique structures, such as oral and
ventral suckers.

. Examine the prepared slides of tapeworms,
noting unique structures, such as the scolex
and reproductive proglottids.

. a. Examine the prepared slides of the

roundworms, noting unique structures.

b. Examine the preserved specimens of Ascaris

lumbricoides. Note the morphological
differences between the male and female.
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Clonorchis *'

Adult flukes

Ingestion of
raw or under-
cooked fish

Eggs in stool

Cercaria
Metacercaria penetrates
develops in human skin
fish muscle. Schistosoma). g
( ) Eggs develop into
Cercaria swimming miracidium
penetrates In water.

fish muscle
(Clonorchis).
Swimming cercaria
escapes.

<~ Miracidium penetrates
freshwater snail host.

Schistosoma cercariae

Figure 6.1 Life cycles of two flukes, Clonorchis sinensis and Schistosoma mansoni.

(in humans) Nijwsoma adult (male)
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Flatworms and Roundworms
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EXERCISE 6

Taenia solium
scolex

Scolex
attaches to
intestine.

Cysticercus
excysts in
intestine.

Ingestion of

undercooked
beef or pork
by humans

—| ,— Taenia saginata
scolex
Adult tapeworms
(in human intestine)

Gravid
proglottids
in stool

Eggs from
proglottids

Eggs develop
into cysticercus
in muscle.

Ingestion by
COWS Or pigs

Figure 6.2 Life cycle of the tapeworm, Taenia.
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Enterobius
adult
Ascaris Trichinella —
adults adults
Adults produce
Adult roundworms

larvae in muscle
(Trichinella).

Ingestion of
undercooked
pork

(in human intestine)

l

Eggs deposited by

female in perianal

region; picked up
on fingers by

scratching Eggs in stool
Eggs deposited on ~ <€— (Enterobius) (Ascaris)
Larvae in inanimate objects;
pig muscle picked up on hands by
(Trichinella) others and ingested

Ingestion of food or
water contaminated

by eggs

Figure 6.3 Life cycle of three roundworms.
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Flatworms and Roundworms

1. Sketch the specimens you examined.

a. Flatworms: Flukes

C

Clonorchis (adult) Clonorchis (eggs)

Magnification Magnification

9

Schistosoma (adult) Schistosoma (eggs)

Magnification Magnification

9

Schistosoma (cercaria)

Magnification S1
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b. Flatworms: Tapeworms

Taenia (scolex) Taenia (proglottid, mature or gravid)
Magnification Magnification

Taenia (eggs) Taenia (cysticercus)

Magnification Magnification

c. Roundworms

Ascaris (eggs) Enterobius (adult)

Magnification Magnification
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Enterobius (eggs)

Magnification

Trichinella (larvae)

Magnification

Ascaris (male)

6. Flatworms and
Roundworms
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Flatworms and Roundworms

Trichinella (adult)

Magnification

EXERCISE 6

Ascaris (female)
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2. Check the morphological features that apply.

Body Body Reproductive
Multicellular flattened in round in Oral/ventral Scolex with segments
parasite cross section cross section suckers suckers/hooks (proglottids)

Flukes

Tapeworms

Roundworms

3. Fill in this table.

Multicellular parasite How Contracted? Name of disease

Flukes
Clonorchis

Schistosoma

Tapeworms
Taenia

Roundworms
Ascaris

Enterobius

Trichinella

4. Identify the following photos.
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Background '/

A variety of microscopic invertebrates make up the
small animal plankton, or zooplankton, of aquatic envi-
ronments. Zooplankton feed on microscopic plant
plankton, or phytoplankton, and in turn are fed upon
by the higher-trophic-level consumers in aquatic food
chains (figure 7.1). Zooplankton, therefore, are a criti-
cal food chain link in aquatic environments.

Zooplankton are subdivided into two categories,
holoplankton and meroplankton. Holoplankton are the
permanent members of the zooplankton, and include
copepods, cladocerans, rotifers, and ostracods. Mero-
plankton are the temporary members of the zooplank-
ton, and include the larval stages of benthic marine
animals such as polychaetes, gastropods, barnacles,
crabs, and starfish. Larvae change into adult animals
and settle to the bottom to take on the benthic lifestyle.

In this exercise, you will examine prepared slides
of representative zooplankton from freshwater and
marine environments. Marine zooplankton will include
examples of both holoplankton and meroplankton. You
will also examine preserved samples of plankton, if
these are available.

Materials ¥/

Prepared slides
Freshwater zooplankton (3)
Cyclops (copepod)
Daphnia (cladoceran)
Rotifers

Marine zooplankton (10)
Bipinnaria (early starfish larvae)

Light

© The McGraw-Hill
Companies, 2003

Brachiolaria (late starfish larvae)
Calanus (copepod)

Megalops (late crab larvae)

Nauplius (early barnacle larvae)
Ostracod

Planula (early jellyfish larvae)
Trochophore (early polychaete larvae)
Veliger (gastropod larvae)

Zoea (early crab larvae)

Preserved plankton samples (2)

Freshwater
Marine

Equipment

Light microscope
Dissecting microscope

Miscellaneous supplies

Immersion oil

Lens paper

Pasteur pipette with bulb
Sample dish

Procedure ¥/

1.

Examine the prepared slides of freshwater
zooplankton.

. Examine the prepared slides of marine
zooplankton, including both holoplankton and
meroplankton.

. Examine plankton samples, if available. Transfer
some of the sample to a dish with a Pasteur
pipette. Examine the contents in the dish with a
dissecting microscope, and note the types of
zooplankton you see.

Water Phytoplankton ————> Zooplankton ————> Plankton feeders ————>> Higher—level consumers

Carbon dioxide

) 1° producers
Nutrients

Figure 7.1 Food chain diagram of aquatic ecosystems.

1° consumers

2° consumers 3°/4° consumers
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Zooplankton

1. Draw the freshwater zooplankton you observed in the prepared slides.

(

Cyclops (copepod) Daphnia (cladoceran)

9

Magnification Magnification

C

Rotifers
Magnification

2. Draw the marine zooplankton you observed in the prepared slides.

(

Bipinnaria (starfish larva) Brachiolaria (starfish larva)

9

Magnification Magnification
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Calanus (copepod) Megalops (crab larva)
Magnification Magnification

Nauplius (barnacle larva) Ostracod

Magnification Magnification

Planula (jellyfish larva) Trochophore (polychaete larva)

Magnification Magnification
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) O

Veliger (gastropod larva) Zoea (crab larva)

Magnification Magnification

3. Draw several of the common zooplankton organisms you observed in the plankton samples.

) O

Freshwater plankton Marine plankton
4. Answer the following questions in the space provided.

a. Depict an aquatic food chain showing the position of the zooplankton examined in this exercise.

b. Explain the difference between holoplankton and meroplankton.
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5. Identify the following members of the zooplankton.
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Disease Vectors

72. Chrysops (deer fly)
Background v Culex (mosquito)
Dermacentor (tick)
Glossina (tsetse fly)
Ixodes (tick)
Ornithodorus (tick)
Pediculus (human louse)
Xenopsylla (rat flea)

Disease-causing microorganisms can be transmitted in a
variety of ways, including through air, food and water, and
sexual contact. Vectors also transmit disease-causing
microorganisms.

Most disease vectors are arachnids or insects that
belong to the Phylum Arthropoda. Arthropod vectors

include ticks, lice, mosquitoes, and fleas (figure 8.1). Equipment
These organisms bite humans and in the process trans- Light microscope
mit pathogens. Dissecting microscope
In this exercise, you will examine the arthropod
vectors of human diseases. .
Procedure } . E
Materials , a Examine the prepared slides of arthropod vectors, noting

their size, distinguishing structures, and unique features.

Prepared slides (10)
Aedes (mosquito)
Anopheles (mosquito)

Infected individual

Pediculus (human louse)

Xenopsylla (rat flea)

. Culex (mosquito)
Dermacentor (tick)

Uninfected individual

Figure 8.1 Selected examples of arthropod disease vectors.
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Disease Vectors

1.

Draw the organisms you observed in the prepared slides.

9
@

Aedes (mosquito)

Disease transmitted

9
@

Chrysops (deer fly)

Disease transmitted

@
C

Dermacentor (tick)

Disease transmitted

Anopheles (mosquito)

Disease transmitted

Culex (mosquito)

Disease transmitted

Glossina (tsetse fly)

Disease transmitted
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Ixodes (tick) Ornithodorus (tick)
Disease transmitted Disease transmitted
Pediculus (human louse) Xenopsylla (rat flea)
Disease transmitted Disease transmitted

Answer the following questions in the space provided.

a. Explain how these organisms transmit diseases.

b. Explain why certain diseases transmitted by vectors, such as Lyme disease, occur more frequently in
certain areas.

c. Ixodes, the tick vector of Lyme disease, can be found attached to the skin after a walk in the woods.
What would you recommend to a person going to the woods? What would you recommend to a
person returning from the woods?
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Background : ’-.«_»m

Morphological stains color either bacterial cells them-
selves or their backgrounds to allow a clear microscopic
view of cells. Such clear views provide information
about cell size, shape, and arrangement.

Stains that color bacterial cells themselves carry a
positive charge and are called basic stains. Basic stains
color bacterial cells because they are attracted to the
negatively charged cell surface. Basic stains include
crystal violet, methylene blue, and safranin.

Stains that color the background surrounding bac-
terial cells carry a negative charge and are called acidic
stains. Acidic stains are repelled by the negatively
charged bacterial cell surface and, hence, color only the

Rod

Cells and background
are colorless.

Acidic stain colors
the background; cells
remain colorless.

Figure 9.1 The negative stain.
66

9. Negative Stain

Negative Stain

=

=z

© The McGraw-Hill
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background (figure 9.1). However, this still provides a
clear microscopic view, because the bacterial cells are
seen in outline. Acidic stains include congo red,
nigrosin, and india ink.

A single acidic stain used to color the background
around cells is called a negative stain. There are two
advantages of a negative stain: (1) it allows more accu-
rate determination of cell size and shape, since the pro-
cedure requires no heating or staining of cells (which
can cause cell shrinkage); and (2) it facilitates the
microscopic observation of cells that are difficult to
stain, such as spirilli and spirochetes.

In this exercise, you will use a single acidic stain
to determine the cell morphology of several bacterial
cultures.

Coccus

Staphylococcus epidermidis
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Materials /| Procedure /|
Cultures (24—48-hour broth) 1. Place a drop of nigrosin, india ink, or congo red
Bacillus cereus (rod) near the edge of a clean glass slide.
Staphylococcus epidermidis (coccus) 2. Aseptically obtain a loopful of a broth culture
Stains of Bacillus cereus by following the steps in
Nigrosin, india ink, or congo red figure 9.2.

3. Transfer the loopful of culture to the drop of stain
on the slide, and mix the culture into the drop, as
shown in figure 9.3a, b. Always flame your loop

Miscellaneous supplies before setting it down!

Bunsen burner and striker 4
Disposable gloves (optional)
Glass slides

Immersion oil

Inoculating loop
Lens paper 6. After you have completed both negative stains,

Wax pencil examine them using the oil-immersion objective.

Equipment
Light microscope

. Follow steps c—e in figure 9.3 to complete your
preparation of a negative stain of Bacillus cereus.

5. Repeat steps 1—4 to prepare a negative stain of a
broth culture of Staphylococcus epidermidis.

. ; e

(a) Shake the culture tube from (b) Heat the loop and wire to red- (¢) Remove the cap, and flame the
side to side to suspend the hot. opening of the tube. Do not
organisms. place the cap down on the table.

(d) After allowing the loop to (e) Flame the mouth of the tube (f) Return the cap to the tube, and
cool for 5 seconds, remove a again. place the tube in a test tube rack.
loopful of organisms. Avoid Transfer the loopful of organisms.

touching the sides of the tube.

Figure 9.2 Aseptic procedure for removing an organism from a broth culture.
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&—— Drop of stain

Clean glass slide

()
6/7 Add loopful of culture, and mix.

(b)

Second slide

(45° angle with first slide)

e Bacteria-stain suspension spreads

along back edge of slide.

(o)

Direction of
mover‘ny

B ==

Spread suspension.

(@)

Allow to air-dry.

Stained material forms a thin film.

(e)

Figure 9.3 Negative staining procedure.
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Negative Stain

1. Draw the cell shapes and arrangements you observed.

Bacillus cereus Staphylococcus epidermidis
Magnification Magnification

Cell shape Cell shape

Cell arrangement Cell arrangement

2. Answer the following questions in the space provided.

a. Explain why nigrosin, india ink, and congo red do not stain bacterial cells.

b. What are the advantages of negative stains?
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I1. Staining Techniques
the Simple Stain

Smear Preparation
and the Simple Stain

Background _ JE

The use of a single basic stain to color bacterial cells
is called a simple stain. Basic stains employed for this
purpose include safranin, crystal violet, and methyl-
ene blue. These stains color the bacterial cells so that
they are clearly visible with the microscope (figure

Rod

Cells are transparent
prior to staining.

[

Basic stain is added
so that cells are colored.

Safranin

Crystal violet

Methylene blue

10. Smear Preparation and

© The McGraw-Hill
Companies, 2003

10.1). Since this procedure requires the heat-fixation of
a smear prior to stain application, it does result in some
cell shrinkage.

In this exercise, you will use a single basic stain
to color the cells of several bacterial cultures to reveal
their morphological characteristics.

Coccus Rod and coccus mix
e A
YIRS
s )
\, //

Pseudomonas aeruginosa

Figure 10.1 The simple stain.

Staphylococcus epidermidis

Pseudomonas aeruginosa
and Staphylococcus
epidermidis
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(a) Flame the loop (or needle) to
red-hot to sterilize.

(d) Cover the heat-fixed smear with
stain and allow to sit for 60 seconds.

Materials /]

Cultures (24—48 hour broth or agar)
Pseudomonas aeruginosa (rod)
Staphylococcus epidermidis (coccus)

Stains
Crystal violet, methylene blue, or safranin

Equipment
Light microscope

Miscellaneous supplies
Bibulous paper
Bunsen burner and striker
Clothespin
Disposable gloves (optional)
Glass slides
Immersion oil
Inoculating loop or needle

10. Smear Preparation and
the Simple Stain

© The McGraw-Hill
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Lens paper

Staining tray

Water bottle with tap water
Wax pencil

(b) Touch the loop (or needle) to
an isolated colony to pick up a
pinhead amount of growth.

—

Procedure /]

Smear Preparation

1. Aseptically obtain a loopful of a broth culture of

Pseudomonas aeruginosa by following the steps
described in Exercise 9 (figure 9.2). If an agar
culture is used instead of broth, follow the steps
depicted in figure 10.2. Note: A loop or needle
can be used to transfer from an agar culture;

in either case, transfer only a pinhead amount
of growth.

Figure 10.2 Bacterial smear preparation and the simple stain procedure.

(¢) Transfer the growth to a drop of
water on a slide and thoroughly
mix to obtain a slightly milky
color. This mixture must be
air-dried and heat-fixed

before staining.

(e) After 60 seconds, wash off the
stain with a water rinse. After drying,
the stained smear is ready to observe.
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2. Transfer the loopful of broth culture to a glass Simple Stain
slide, and spread it out into a circle. If an agar
culture is used instead of broth, mix the pinhead
amount of culture into a drop of water on a glass
slide as shown in figure 10.2¢. Prepare a mixture
that is only slightly milky in color. Do not
prepare a heavy Suspension! 2. After 60 seconds, gently wash off the stain with

tap water (figure 10.2¢). Blot the slide with

bibulous paper, and examine using the oil-
immersion objective.

1. Apply crystal violet, methylene blue, or safranin
to the three smears, and let stand for 60 seconds
(figure 10.2d). Cover the entire smear with
stain!

3. Allow the slide to air-dry before heat-fixation.
Heat gently by passing the slide over the flame
several times. After heat-fixation, the slide is
ready to stain.

4. Repeat steps 1-3 to prepare a smear of
Staphylococcus epidermidis and to prepare a
smear of a mixture of Pseudomonas aeruginosa
and Staphylococcus epidermidis.
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Smear Preparation and the Simple Stain

1. Draw your results from the simple stains.

Pseudomonas aeruginosa Staphylococcus epidermidis
Magnification Magnification
Cell shape Cell shape

Stain used Cell arrangement

Color of cells Stain used

Color of cells

Pseudomonas aeruginosa and
Staphylococcus epidermidis mix

Magnification

Cell shapes

Cell arrangement

Stain used

Color of cells
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2. Answer the following questions in the space provided.

a. What is the purpose of heat-fixation? What happens if you heat-fix too much?

b. Was your smear too thick when you viewed it (i.e., cells clumped too close together)? Why is a thick
smear undesirable?

c. Explain why methylene blue, crystal violet, and safranin stain differently from nigrosin, india ink, and
congo red.

d. What are the advantages and disadvantages of a simple stain?

e. Although crystal violet and safranin can be used as simple stains, can you think of any reason it would
be preferable to use methylene blue?
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Gram Stain
Background y

Most bacteria possess a cell wall that contains either a
thick peptidoglycan layer or a thin peptidoglycan layer
with an additional outer membrane composed of
lipopolysaccharide (figure 11.1). This chemical dif-
ference in bacterial cell walls is identified with the
Gram stain. The Gram stain is the stain most frequently
used to identify unknown bacterial cultures, because
it yields information on Gram reaction, cell size, cell
shape, and cell arrangement.

During the Gram-staining procedure, all bacteria
are stained purple by crystal violet, the primary stain.
Bacterial cells that have a thick peptidoglycan layer

© The McGraw-Hill
Companies, 2003

retain the crystal violet during subsequent decoloriza-
tion and counterstain steps. These bacteria appear pur-
ple when viewed with the microscope and are referred
to as Gram-positive (figure 11.2). Bacterial cells that
have a thin peptidoglycan layer and an added outer
lipopolysaccharide layer lose the crystal violet during
the decolorization step and take up the counterstain
safranin. These bacteria appear red when viewed with
the microscope and are referred to as Gram-negative
(figure 11.2).

In this exercise, you will use the Gram stain on
selected 18—24-hour bacterial cultures, as well as on a
sample from your teeth or from yogurt.

Thick peptidoglycan layer

- =

Cytoplasmic  Periplas n\-\:.

membrane

Thin
Outer layer of peptidoglycan
lipopolysaccharide layer

- Cytoplasmic
membrane

Periplasm

(a) Gram-positive

(b) Gram-negative

Figure 11.1 Differences in bacterial cell walls. (a) Gram-positive.

(b) Gram-negative.
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78  SecTioN II  Staining Techniques
Materials /]
Cultures to select from (18-24-hour broth

or agar)
Bacillus cereus (Gram-positive rod)

Enterobacter aerogenes (Gram-negative rod)

Gram-positive
Rod

Cells are transparent prior to staining.

Cells are colored purple by primary
stain crystal violet and mordant
Gram's iodine.

The decolorizing agent, ethyl alcohol,
removes purple from Gram-negative
cells; Gram-positive cells retain stain.

Gram-negative cells take up the
counterstain, safranin, and are colored
red; Gram-positive cells remain purple.

Coccus

Bacillus cereus

Staphylococcus epidermidis

© The McGraw-Hill
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Enterococcus faecalis (Gram-positive coccus)

Escherichia coli (Gram-negative rod)

Neisseria sicca (Gram-negative coccus)

Proteus vulgaris (Gram-negative rod)

Pseudomonas aeruginosa (Gram-negative rod)

Staphylococcus epidermidis (Gram-positive
coccus)

Gram-negative rod and
Gram-positive coccus mix

Gram-negative
Rod Coccus

4

Neisseria sicca
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Enterococcus faecalis

Proteus vulgaris

Enterobacter aerogenes

Figure 11.2 Gram stain results for Gram-positive and Gram-negative cells.
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Stains
Crystal violet
Gram’s iodine
Ethanol (95%)
Safranin

Equipment
Light microscope

Miscellaneous supplies
Bibulous paper
Bunsen burner and striker
Clothespin
Disposable gloves (optional)
Glass slides
Immersion oil
Inoculating loop or needle
Lens paper
Staining tray
Toothpick
Water bottle with tap water
Wax pencil
Yogurt

Procedure /A

Select four bacterial cultures from the materials list.
Although a variety of bacteria can be used, one from
each of the following categories is recommended:
Gram-positive rod, Gram-positive coccus, Gram-negative
rod, Gram-negative coccus, and a mixture of a Gram-
positive coccus and a Gram-negative rod.

Smear Preparation

1. Following the steps outlined in Exercise 10
(figure 10.2), prepare smears of the four selected
bacterial cultures and a smear of a mixture.

Wash your hands before proceeding.

2. Obtain a clean toothpick from the container, and
use it to prepare a smear of scrapings from your
teeth, or from yogurt. To prepare a smear of teeth
scrapings, use the end of a toothpick to pick
material from between your teeth, and transfer it
to a drop of water on a glass slide. Break up and
mix the material into the drop as much as
possible using the end of the toothpick. When
finished, place the toothpick in a container of
disinfectant. Allow this mixture to air-dry, and
then heat-fix. To prepare a smear of yogurt, dip a

© The McGraw-Hill
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toothpick in a container of yogurt, and transfer a
small amount to a drop of water on a glass slide.
Mix the yogurt into the drop using the toothpick.
Allow this to air-dry before heat-fixation.

Gram Staining

1. Using the steps outlined in figure 11.3, Gram-
stain all prepared smears. Follow these steps
exactly as outlined. Do not over-decolorize! Tilt
the slide, and drip alcohol onto the smear until it
runs off clear. Stop decolorization at this point!

2. After Gram staining, examine all slides using the
oil-immersion objective. Note: Avoid viewing
areas of the slide where cells are clumped
together. Only view areas where individual cells
can be seen.

A

(=)

4
(a) Apply crystal violet for 1 (b) Rinse for 5 seconds with
minute. water.
N,
"
/®
o Y o
<«
(¢) Cover with Gram's iodine (d) Rinse for 5 seconds with
for 1 minute. water.

(e) Decolorize with 95% (f) Rinse for 5 seconds with
ethanol for 15-30 seconds. water.

(g) Counterstain with safranin (h) Rinse for 5 seconds with
for 1 minute. water.

(i) Blot dry with bibulous
paper.

Figure 11.3 Gram-stain procedure.
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Gram Stain

1. Draw the results of your Gram stains.

Gram-positive rod Gram-positive coccus
Organism Organism
Magnification Magnification

Cell shape Cell shape

Cell arrangement Cell arrangement
Cell color Cell color

Gram reaction Gram reaction
Gram-negative rod Gram-negative coccus
Organism Organism
Magnification Magnification

Cell shape Cell shape

Cell arrangement Cell arrangement
Cell color Cell color

Gram reaction Gram reaction
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Gram-negative rod Teeth scrapings or yogurt
and Gram-positive coccus mix

Organisms Sample
Magnification Magnification
Cell shapes Cell shapes

Cell arrangements Cell arrangements
Cell colors Cell colors

Gram reactions Gram reactions

2. Answer the following questions in the space provided.

a. Why are contrasting colors important in the Gram stain?

b. Explain why the alcohol decolorization step is so critical in the Gram stain.

c. Explain how a Gram stain differs from a:

(1) negative stain

(2) simple stain
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d. Why is an 18-24-hour culture necessary for a Gram stain?

e. Name several pathogenic Gram-positive and Gram-negative bacteria and the diseases they cause.
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Acid-fast Stain

Background Py

The acid-fast stain is used to distinguish certain bacteria
that contain a high content of the lipid mycolic acid in
their cell wall. This component makes the cell wall resis-
tant to most stains, but heated carbolfuchsin will penetrate
the cell wall, imparting a red color to cells that is not
removed when the decolorizing agent, acid-alcohol, is
added. Bacteria with this characteristic are referred to as
acid-fast (figure 12.1). The majority of bacteria do not
have as high a lipid content in their cell wall, so their cells
lose the red color when acid-alcohol is added. They then

Cells prior to staining are colorless.

Cells are colored red by hot carbolfuchsin.

The decolorizing agent, acid-alcohol,
removes the red from non-acid-fast cells;
acid-fast cells retain the stain.

Non-acid-fast cells take up the counterstain,
methylene blue, and are colored blue;
acid-fast cells remain red.

Mycobacterium phlei

Figure 12.1 Acid-fast staining procedure.

12. Acid-fast Stain

© The McGraw-Hill
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take up the counterstain methylene blue. These bacteria
are referred to as non-acid-fast (figure 12.1).

Several pathogenic bacteria can be distinguished
by the acid-fast stain, including two species of mycobac-
teria—Mycobacterium tuberculosis, the causative agent
of tuberculosis, and Mycobacterium leprae, the causative
agent of leprosy. An acid-fast stain of sputum is impor-
tant in the diagnosis of tuberculosis. In addition, cer-
tain pathogenic species of the actinomycete genus
Nocardia are acid-fast, including Nocardia asteroides,
a causative agent of nocardiosis. The oocysts of the
sporozoan parasite Cryptosporidium are also acid-fast.

Acid-fast rod Non-acid-fast rod

Pseudomonas aeruginosa
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In this exercise, you will use the Ziehl-Neelsen
acid-fast stain method to demonstrate the acid-fast trait
in Mycobacterium phlei.

Materials

Cultures (5-7-day agar)
Mycobacterium phlei (acid-fast rod)
Pseudomonas aeruginosa (non-acid-fast rod)

g'p. J All agents in red are BSL2 bacteria.

Stains
Carbolfuchsin
Acid-alcohol
Methylene blue

Equipment
Hot plate (optional, for heating carbolfuchsin)
Light microscope

Miscellaneous supplies
Bibulous paper
Bunsen burner and striker
Clothespin
Disposable gloves (optional)
Egg albumin solution
Glass slides
Immersion oil
Inoculating loop or needle
Lens paper
Staining tray
Water bottle with tap water
Wax pencil

Procedure

Smear Preparation

1. Prepare a smear of Mycobacterium phlei, an acid-
fast rod, and a smear of Pseudomonas
aeruginosa, a non-acid-fast rod. Follow the steps
outlined in Exercise 10 (see figure 10.2), with
one exception: Mix the culture into a drop of egg
albumin solution, instead of water. This solution
will help acid-fast cells adhere to the glass slide.
Note: If you have trouble transferring cells with a
needle, use a loop instead. Since mycobacteria
tend to clump together, use your inoculating
needle or loop to break up cell clumps as much
as possible into the drop.

12. Acid-fast Stain

© The McGraw-Hill
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Acid-fast Stain

1. After smear preparation, follow the steps of the
Ziehl-Neelsen acid-fast staining procedure in
figure 12.2. Note: The carbolfuchsin can be
heated using either a hot plate (as depicted) or a
Bunsen burner flame. In either case, gently
steam only; do not boil. As the paper dries out,
add more carbolfuchsin to keep the paper moist.
After 5 minutes, remove the paper and continue
the steps as outlined.

2. After staining, examine both slides using the oil-
immersion objective.

(a) Apply carbolfuchsin to
saturate paper, and heat

(b) Remove paper, cool, and
rinse with water for 30

for 5 minutes in an seconds.
exhaust hood.
o o

(¢) Decolorize with acid- (d) Rinse with water for 5

alcohol until pink seconds.
(10-30 seconds).
o % g (=)

‘W

(e) Counterstain with
methylene blue for about
2 minutes.

(f) Rinse with water for 30
seconds.

(g) Blot dry with bibulous
paper.

Figure 12.2 Ziehl-Neelsen acid-fast staining procedure.
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Acid-fast Stain

1. Draw the results from your acid-fast stains.

Mycobacterium phlei Pseudomonas aeruginosa
Magnification Magnification
Cell shape Cell shape

Cell color Cell color

Acid-fast? Acid-fast?

2. Answer the following questions in the space provided.
a. Explain these terms. Which one applies to species of Mycobacterium and Nocardia?

(1) acid-fast

(2) non-acid-fast

b. Name several pathogenic acid-fast bacteria and the diseases they cause.
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Spore Stain

Background i

Some bacteria produce an internal structure known as
an endospore during their life cycle (figure 13.1). This
structure is produced by the vegetative cell by a process
called sporogenesis and is released upon the death of
the cell. The resulting free spore is a dormant structure
that contains little water and carries out few chemical
reactions. Its highly resistant nature is due to two fac-
tors: (1) a multilayered outer covering containing pepti-
doglycan; and (2) the presence of a protein-stabilizing
molecule called dipicolinic acid. These components
allow spores to survive adverse conditions that no other
living thing could survive. When favorable conditions
return, the bacterial spore undergoes germination to
yield a vegetative cell (figure 13.1).

The detection of endospores is a useful character-
istic in the identification of some bacteria, including
species of Bacillus and Clostridium. Several species
of these genera are pathogenic: Bacillus anthracis
causes anthrax; Clostridium botulinum causes botulism;
Clostridium tetani causes tetanus; and Clostridium per-
Jringens causes gas gangrene.

When spores are detected in bacteria, their size,
shape, and location are useful in identification. For

Endospore
Vegetative cell@
Sporogenesis Cell dies.
— Free
Vegetative spore
cell
Germination

o

Spore growth

Figure 13.1 The life cycle of endospore-forming bacteria.
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example, Bacillus cereus and Bacillus anthracis produce
an oval-shaped spore located in the center of the cell
(central) (figure 13.2a). The spores of Bacillus anthracis
are small enough that, when inhaled, they can enter the
alveoli of the lungs, causing a disease known as inhala-
tion anthrax. Clostridium botulinum produces oval-
shaped spores located between the center and the end
of the cell (subterminal) (figure 13.2b). Clostridium
tetani produces spherical endospores at the end of the cell
(terminal) (figure 13.2¢). Terminal spores give this organ-
ism its characteristic “drumstick’ appearance.

Due to their unique physical and chemical charac-
teristics, endospores do not readily stain using ordinary
staining procedures. However, basic stains easily color
the vegetative cells that produce endospores. As a result,
endospores can be seen in outline against the back-
ground of stained vegetative cells. For best observa-
tion and verification of their presence, spores should be
stained using a special procedure called the spore stain.

In a spore stain, the cells are heated in the pres-
ence of malachite green. Heating drives the malachite
green into the spore, where it is retained even during the
water rinse step. When viewed with the microscope,
spores are readily visible as green, oval-shaped or
spherical objects within or outside of vegetative cells
(figure 13.3). Water removes the malachite green from
vegetative cells, allowing them to pick up the counter-
stain safranin and appear red. Non-spore-forming bac-
teria appear as red rods with no green, oval-shaped or
spherical objects (figure 13.3).

(a) Central (b) Subterminal (¢) Terminal

Figure 13.2 Location of an endospore. %9
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Cells and spores are colorless prior to staining.

Cells and spores are colored green with hot
malachite green.

The decolorizing agent, water, washes the
malachite green from cells; spores retain the
stain.

Cells are colored red with the counterstain,
safranin.

13. Spore Stain

Spore-forming rod

L
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Non-spore-forming rod

— Free spore

Central endospore
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Bacillus cereus

Figure 13.3 The spore stain.

In this exercise, you will use the Schaeffer-Fulton
endospore stain method to demonstrate the presence
of spores in Bacillus cereus.

Materials

Cultures (4-5 days on nutrient agar)
Bacillus cereus (spore-forming rod)
Escherichia coli (non-spore-forming rod)

Stains
Malachite green
Safranin

Equipment
Hot plate (optional, to heat malachite green)
Light microscope

Escherichia coli

Miscellaneous supplies

Bibulous paper

Bunsen burner and striker
Clothespin

Disposable gloves (optional)
Glass slides

Immersion oil

Inoculating loop or needle
Lens paper

Staining tray

Water bath (optional, to heat malachite green)
Water bottle with tap water
Wax pencil
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Smear Preparation

1. Prepare a smear of Bacillus cereus, a spore-
forming rod, and a smear of Escherichia coli, a
non-spore-forming rod, following the steps
outlined in Exercise 10 (see figure 10.2).

Spore Stain

1. After smear preparation, follow the steps of the
Schaeffer-Fulton endospore stain method depicted
in figure 13.4. Note: Heating the malachite green
can be done using a water bath (as depicted), a hot
plate, or a Bunsen burner flame. In either case,
gently steam only; do not boil. As the paper
dries out, add more malachite green to keep the
paper moist. After 5 minutes, remove the paper
and continue the steps as outlined.

2. After staining, examine both slides using the
oil-immersion objective.

© The McGraw-Hill
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(a) Apply malachite green to saturate paper, and steam for 5

minutes.
o _

(b) Remove paper, cool, and (¢) Counterstain with safranin
rinse with water for 30 for 60-90 seconds.
seconds.

(d) Rinse with water for 30 (e) Blot dry with bibulo