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MEDICAL MICROBIOLOGY
LABORATORY MANUAL



PREFACE

This laboratory manual has evolved over the years to meet the needs of students taking microbi-
ology. The intention is to provide the student with an organized user-friendly tool to better enable
him or her to understand laboratory aspects of microbiology as well as to hopefully make learning la
boratory material a bit easier.

Each lab experiment is set up as a complete module that demonstrates some microbiological
principle or technique. Each experiment begins with a detailed discussion that provides al the infor-
mation needed to understand that lab. The discussion section is followed by a detailed step-by-step
procedure. The results section of each experiment is where the student records important results and
conclusions that will enable him or her to prepare for the practical portion of each lab quiz

As prdficiency in microbiological techniques is considered an essential component of the course
students are expected to work independently on some technical aspect of microbiology and will be
graded based on their techniques and their results. The lab notebook will be callected and graded in
the end of each lab period. If your lab notebook is missing for any reason a grade of 0 will be as-
signed. Unannounced skills tests will be given in the end of the semester.

We haope you enjoy this laboratory manual and also hope it makes your study of microbiology a
bit easier. Keep in mind that the labs are meant to be informal and your instructor is more than will-
ing to answer any questions on either lab or lecture topics.

Bin-Bo Liu
Dong-Ying Liu
2006. 1
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MICROBIOLOGY
LABORATORY SAFETY RULES

A primary feature of the microbiology laboratory is that living organisms are employed
as part of the experiment. Most of the microorganisms are harmless; however, whether they
are non-pathogenic or pathogenic, the microorganisms are treated with the same respect to
assure that personal safety in the laboratory is maintained. Careful attention to technique is
essential at all times. Care must always be taken to prevent the contamination of the environ-
ment from the cultures used in the experiments and to prevent the possibility of the people
working in the laboratory from becoming contaminated.

It is essential that students follow all rules established by the lab instructor, lab manag-
er, or lab assistant to ensure the safety of all individuals in the class. Failure to follow estab-
lished rules may result in dismissal of the individual from the class. For the safety and con-
venience of everyone working in the laboratory, it is important that the following laboratory
rules be observed at all times:

1. Place only those materials needed for the day’s laboratory experiment on the bench
tops. Purses, coats, extra books, etc. , should be placed in the lab bench storage areas or
under the lab benches in order to avoid damage or contamination.

2. Since some of the microorganisms used in this class are pathogenic or potentially
pathogenic (opportunistic), it is essential to always follow proper aseptic technique in han-
dling and transferring all organisms.

3. No smoking, eating, drinking, or any other hand-to-mouth activity while in the lab.
If you need a short break, wash your hands with disinfectant soap and leave the room.

4, If you should spill a culture, observe the following procedures:

a. Immediately place the culture tube in the plastic baskets found in the hood in the back
of the room so no one else touches the contaminated tube.

b. Have your partner spray isopropyl alcohol liberally over the spill. Be sure your Bun-
sen burner is turned off before you spray any alcohol After a few minutes, use paper towels
to dry the area.

c. Both you and your partner wash your hands with disinfectant soap.

d. Notify your instructor.

5. Report any cuts, burns, or other injuries to your instructor.

6. Using a wax marker, properly label all inoculated culture tubes or petri dishes with
the name or the initials of the microorganism you are growing, your initials or a group sym-

bol, and any other pertinent information. Place all inoculated material only on your assigned
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incubator shelf, the shelf corresponding to your lab section. Culture tubes should be stored
upright in plastic beakers, while petri dishes should be stacked and incubated upside-down.

7. After completing an experiment, dispose of all material properly:

a. Remove all wax pencil markings from culture tubes and place the tubes upright in the
plastic baskets found in the disposal hood at the back of the room.

b. Put all used pipettes and swabs in the biowaste disposal containers found in the back
of the room.

8. Use caution around the Bunsen burners. In a crowded lab it is easy to lean over a
burner and ignite your hair or clothing.

9. Always clean the oil off of the oil immersion lens of the microscope with a piece of
lens paper at the completion of each microscopy lab.

10. Return all Equipment, reagents, and other supplies to their proper places at the end
of each lab period.

11. Disinfect the bench top with isopropyl alcohol before and after each lab period. Be
sure your Bunsen burner is turned off before you spray any alcohol

12. Always wash your hands with disinfectant soap before leaving the laboratory.
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Experiment 1
INTRODUCTION TO MICROSCOPY

Microorganisms are too small to be seen with the naked eye so a microscope must be
used to visualize these organisms. While a microscope is not difficult to use it does require
some practice to develop the skills necessary to use the microscope to its maximum capabili-
ties.

There are several types of microscopes but the only one used in this laboratory is the
compound light or bright-field microscope. Individual microscopes will vary depending on the

manufacturer but all microscopes have the same basic features as follow.

Ocular

Nosepiece

Arm

Objectives

N Stage
Coarse Adjustment

Knob %\ Iris Diaphragm

Fine Adjustment Stage Adjustment Knob

Knob
Base v l
N

Light Source

These microscopes are known as compound microscopes because there are two magnif-
ying lenses in the microscope. One magnifying lens is in the ocular and one is in the objec-
tive. Each contributes to the magnification of the object on the stage. The total magnifica-
tion of any set of lenses is determined by multiplying the magnification of the objective by the
magnification of the ocular. The nosepiece rotates allowing the objectives to change and thus
change the magnification of the microscope. The stage is where the slide is placed. The stage
adjustment knobs allow the slide to be moved easily. Light provides the illumination for the

specimen. To control the amount of light reaching the eye the iris diaphragm may be opened
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or closed using the lever just under the stage. On low magnifications less light is need than
on higher magnifications. Too much light on low magnification may mask the specimen, par-
ticularly something as small as a bacterial cell. The coarse and fine adjustment knobs are
used to focus on the specimen. When a slide is on the stage there is a space between the ob-
jective and the slide. This space is known as the working distance. The coarse adjustment
knob will cause the working distance to visibly change while the fine adjustment knob is for
final, fine focusing. The ability to see things using a microscope is limited by the resolving
power of the microscope. The resolving power of a microscope is the distance two objects
must be apart and still be seen as separate and distinct. For the light microscope this is 0. 25
pm. Objects closer together than 0. 25 ym will not be distinctly seen. Increasing the magnifi-
cation will not make the objects more distinct, just bigger. Each objective has the magnifica-
tion of the objective written on the objective. The magnification of the ocular is also in-
scribed on the ocular. Low magnifications are used for quickly examining the slide to find a
appropriate area to examine. Higher magnifications allow the examination of a particular ob-
ject on the slide.

When you look through the ocular you will see a lighted circle. This is known as the
field of view or the field. When you look through the microscope you will move the iris dia-
phragm lever and notice how the brightness of the light changes. As you move the objectives
to provide increased magnification you will look at a smaller section of the slide. Be sure you
move the object you want to view into the center of the field before moving to the next objec-
tive. These microscopes are parfocal. Once you have focused on an object using one objective
the object will be approximately in focus on the next objective. Use of the fine focus knob

will sharpen the focus.
I. Use of the microscope

1. Materials Equipment for each student

@ Microscope complete with low power, high power and oil immersion objectives.
@ Various prepared slides of bacteria.
@ Immersion oil and xylol.

@ Rubbing lens paper.
2. Methods

In this first experiment, you will calibrate the 40 X and 100 X objectives of your com-
pound microscope. Then you will use the compound light microscope to assess the shape and
associations of bacteria that have already been fixed to slides and stained.

A. Procedure for Focusing

a)Obtain a slide.

b) Use the coarse adjustment knob to obtain maximum working distance.

c)Place the slide on the stage. The slide should fit into the slide holder but is not placed

under the slide holder. Use the stage adjustment knob to move the slide over the hole in the



stage.

d)Rotate the low power objective in place.

e) Use the coarse adjustment knob to obtain the minimum working distance. Develop the
habit of watching this process to be sure the objective does not crash into the slide.

D Look through the ocular. Adjust the light with the iris diaphragm lever if necessary.
Slowly turn the coarse adjustment knob until something comes into focus. Use the fine ad-
justment knob to sharpen the focus.

g) Using the stage adjustment knob move the slide around until you find an area you
wish to examine more closely. Move the slide until the object you wish to examine is in the
center of the field.

h)Rotate the high power objective into place. Use the fine adjustment knob to sharpen
the focus. Do not use the coarse adjustment knob. Adjust the light using the iris diaphragm
lever if necessary.

1) Rotate the high power object halfway to the next position. Place a drop of immersion
oil on the slide, and then rotate the oil immersion objective into place. The objective should
be immersed in the oil on the slide. Use the fine adjustment knob to sharpen the focus. Ad-
just the light using the iris diaphragm lever if necessary.

i) When you finish viewing the slide use the coarse adjustment knob to maximize the
working distance and remove the slide from the stage. If you want to look at another slide,
begin the process over. If you are finished with the microscope clean the microscope and re-
turn it to storage.

An alternative focusing technique is to firstly focus on the slide with the yellow-striped
10 X objective by using only the coarse focus control and then without moving the stage, add
immersion oil, rotate the white-striped 100 X oil immersion objective into place, and adjust
the fine focus and the light as needed.

B. Procedure for Cleaning a Microscope

a) Turn off the light and unplug the cord. Store the cord appropriately.

b) Using the coarse adjustment knob to obtain maximum working distance and remove
the slide from the stage.

¢) Using lens paper clean all the lenses starting with the cleanest first-ocular, low pow-
er, high power and oil immersion. Use lens cleaner if necessary.

d)Clean any oil off of the stage using paper towels.

e)Rotate the scanning objective into place. Use the coarse adjustment knob to obtain
minimum working distance.

f)Return the microscope to the appropriate storage area.

I1. Reason for using immersion oil

Normally, when light waves travel from one medium into another, they bend. There-
fore, as the light travels from the glass slide to the air, the light waves bend and are scat-

tered similar to the “bent pencil” effect when a pencil is placed in a glass of water. The mi-
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croscope magnifies this distortion effect. Also, if high magnification is to be used, more
light is needed.

Immersion oil has the same refractive index as glass and, therefore, provides an optical-
ly homogeneous path between the slide and the lens of the objective. Light waves thus travel
from the glass slide, into glass-like oil, into the glass lens without being scattered or distor-
ting the image. In other words, the immersion oil “traps” the light and prevents the distor-

tion effect that is seen as a result of the bending of the light waves.

Review Questions

. How to correctly clean the eyepiece and the objective lenses before and after each lab
. Define ocular lens and objective lens.
. How to place a slide in the slide holder of a mechanical stage correctly

1

2

3

4, Focus on a specimen using 10X, 40X, and 100X objectives.

5. Adjust the light using the iris diaphragm lever for optimum contrast after focusing.
6

. State the reason for using immersion oil at 1000X.
(Dong-Ying Liu, Xian-Zhou Liu)
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Experiment 2
SIZES SHAPES AND
ARRANGEMENTS OF BACTERIA

When studying bacteria or other microorganisms, it is often essential to evaluate the size
of the organism. By tradition, the longest dimension (length) is generally stressed, although
width is sometimes useful for identification or other study. In microbiology, we deal with ex-
tremely small units of metric length (micrometer, nanometer). The main unit of length is
the micrometer (um) which is 107° of a meter or approximately 1/25,400 of an inch. The av-
erage size of a rod-shaped (cylindrical) bacterium is 0. 5-1. 0 ym wide by 1. 0-4. 0 um long.
An average coccus-shaped (spherical) bacterium is about 0. 5-1. 0 ym in diameter. A volume
of one cubic inch is sufficient to contain approximately nine trillion average-sized bacteria. It
would take over 18,000,000 average-sized cocci lined up edge-to-edge to span the diameter of

a dime

I. The basic shapes of bacteria

Bacteria are unicellular prokaryotic microorganisms. Most bacteria come in one of three
basic shapes: coccus, rod or bacillus, and spiral. Bacteria divide by binary fission, a process
by which one bacterium splits into two. In this lab, you will compare the relative size and

shape of some microorganisms.
1. Coccus

A coccus-shaped bacterium is usually spherical, although some appear oval, elongated,
or flattened on one side. Cocci are approximately 0. 81. 2 pm in diameter and may be seen,
based on their planes of division and tendency to remain attached after replication, in one of
the following arrangements.

a) Division in one plane produces either a diplococcus arrangement (cocci in pairs) or a
streptococcus arrangement (cocci in chains).

b) Division in two planes produces a tetrad arrangement (cocci forming a square of
four).

¢) Division in three planes produces a sarcina arrangement (cocci forming a cube of
eight).

d) Division in random planes produces a staphylococcus arrangement (cocci in irregular,
often grape-like clusters).

As you observe these different cocci, keep in mind that the procedures used in slide
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preparation may cause some arrangements to break apart or clump together. The correct
form, however, should predominate. Also remember that each coccus in an arrangement re-

presents a complete, single, one celled organism.
2. Bacillus rod

A bacillus or rod is a hotdog-shaped bacterium having one of the following arrange-
ments.

a) Bacillus: a single bacillus.

b) Streptobacillus: bacilli in chains.

c) Coccobacillus: oval and similar to a coccus.

A single bacillus is typically 0. 5-1. 0 ym wide and from 1-4 pm long. Small bacilli or ba-
cilli that have just divided by binary fission may at first glance be confused for cocci so they
must be observed carefully. You will, however, be able to see bacilli that have not divided
and are definitely rod-shaped as well as bacilli in the process of dividing.

3. Spiral

Spiral-shaped bacteria occur in one of three forms.

a) Vibrio: an incomplete spiral or comma-shaped.

b) Spirillum: a thick, rigid spiral.

¢) Spirochete: a thin, flexible spiral. Some spirochetes are over 100 pm in length.

II. The special structure of bacteria

A typical bacterium usually consists of four basic structures: a cell wall, a cytoplasmic
membrane, a fluid cytoplasm and a nuclear region. Some bacteria have specific structure: en-
dospore, flagella, capsule and pili. In this lab, you will observe the three of special structure

bacteria, but the pili are too thin to be observed by light microscope.
1. Endospore spore

Certain bacteria may produce endospores under unfavourable environmental conditions.
Endospores are mainly found in Gram-positive organisms, including the Gram-positive Clos-
tridium and Bacillus. Endospores may be formed in a central, terminal, or sub-terminal po-
sition in the cell and their shape varies from ellipsoidal to spherical. The location of the endo-
spore in the cell is usually characteristic of the species. For example, the location and shape
of the Bacillus subtilis endospore is different from the location and shape of the Clostridium
endospore. Therefore, the presence or absence of endospores and the description of the en-

dospore is useful to a microbiologist as an aid in identification.

2. Glycocalyx capsule and slime layer

All bacteria secrete some sort of glycocalyx, an outer viscous covering of fibers exten-
ding from the bacterium. If it appears as an extensive, tightly bound accumulation of gelati-
nous material adhering to the cell wall, it is called a capsule. If the glycocalyx appears unor-

ganized and more loosely attached, it is referred to as a slime layer.



3. Flagella

Motile bacteria possess filamentous appendages known as flagella, which act as organs
of locomotion. The filament is the rigid, helical structure that extends from the cell surface.
It is composed of the protein flagellin arranged in helical chains so as to form a hollow core.
Bacteria flagella are 10-20 pym long and between 0. 01 and 0. 02 pm in diameter and come in a
number of distinct arrangements:

a) Monotrichous: a single flagellum, usually at one pole.

b) Amphitrichous: a single flagellum at both ends of the organism.

¢) Lophotrichous: two or more flagella at one or both poles.

d) Peritrichous: flagella over the entire surface.

4. Pili

Pili are thin, protein tubes originating from the cytoplasmic membrane and are found in
virtually all gram-negative bacteria but not in many gram-positive bacteria. The pilus has a
shaft composed of a protein called pilin. At the end of the shaft is the adhesive tip structure
having a shape corresponding to that of specific glycoprotein or glycolipid receptors on a host
cell. There are two basic types of pili: 1) short attachment pili, also known as fimbriae that
are usually quite numerous, and 2) long conjugation pili, also called “F” or sex pili, that are

very few in number.
III. View of the basic shapes of bacteria

1. Materials Equipment for each student
@ Light microscope.

@ Various prepared slides of bacteria.

@ Immersion oil and xylol.

@ Lens papers.
2. Methods

Take a prepared slide of the following bacteria and observe the shapes of the bacterium
with a light microscope. Note the appearance, size, arrangement and the colour of each spe-
cies bacteria.

A. Staphylococcus aureus . Gram-positive; as the genus name implies, cells mainly ad-
herent in irregular clusters (cocci in irregular, often grape-like clusters).

B. Escherichia coli: a small rod-shaped, Gram-negative bacillus.

C. Vibrio: vibrios are recognized as short, non-flexuous, comma-shaped Gram-negative
bacilli.

Remember that in the process of making the slide, some of the coccal arrangements will
clump together and others will break apart. Move the slide around until you see an area re-
presenting the true arrangement of each organism. Also remember that small bacilli (such as

Escherichia coli) that have just divided by binary fission will look similar to cocci. Look



