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LABORATORY SAFETY RULES

BIOSAFETY IN THE LABORATORY

Before beginning to work with microorganisms it is important to understand
the risks of working with potentially dangerous living organisms and working in a
laboratory setting in general.

The primary responsibility for your safety rests with you. You must
understand and follow the rules outlined below, as well as, those provided by the
instructor. The most important rule for staying safe in the laboratory is to use
your common sense.

You should become familiar with the location and use of the safety equipment
in the laboratory which the instructor will point out. This includes a fire extinguisher,
fire blanket, eyewash station, safety shower and gas cutoff. In addition, you should
be aware of all exits from the rooom.

During this course you will be working with microorganisms that are classifed
as biosafety level | and biosafety level Il organisms. Biosafety levels are established
by the U.S. Center for Disease Control and Prevention. These biosafety levels are
described in the section below and summarized in table 1. Bear in mind that you will
be working with biosafety level Il agents that have the potential to cause disease.
The simplest and most effective way to prevent transmission of potentially harmful
microorganisms is handwashing, as we will see in one of the following laboratory
exercises. Hands must be washed whenever you leave the laboratory.

BIOSAFETY LEVELS

From:
* “Biosafety in Microbiological and Biomedical Laboratories (BMBL), 5th
Edition” Center for Disease Control and Prevention (CDC)
* www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s3.htm

BMBIL. Section I11

Laboratory Biosafety Level Criteria

The essential elements of the four biosafety levels for activities involving
infectious microorganisms and laboratory animals are summarized in Table 1 of this
section and Table 1. Section IV (see pages 52 and 75). The levels are designated in
ascending order, by degree of protection provided to personnel, the environment,
and the community.
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BIOSAFETY LEVEL 1 (BSL-1)

Biosafety Level 1 is suitable for work involving well-characterized agents not
known to consistently cause disease in healthy adult humans, and of minimal
potential hazard to laboratory personnel and the environment. The laboratory is not
necessarily separated from the general traffic patterns in the building. Work is
generally conducted on open bench tops using standard microbiological practices.
Special containment equipment or facility design is neither required nor generally
used. Laboratory personnel have specific training in the procedures conducted in the
laboratory and are supervised by a scientist with general training in microbiology or a
related science.

The following standard and special practices, safety equipment and

facilities apply to agents assigned to Biosafety Level 1:
A. Standard Microbiological Practices

1. Access to the laboratory is limited or restricted at the discretion of
the laboratory director when experiments or work with cultures and

specimens are in progress.

2. Persons wash their hands after they handle viable materials, after

removing gloves, and before leaving the laboratory.

3. Eating, drinking, smoking, handling contact lenses, applying
cosmetics, and storing food for human use are not permitted in the work
areas. Persons who wear contact lenses in laboratories should also wear
goggles or a face shield. Food is stored outside the work area in cabinets or

refrigerators designated and used for this purpose only.

4. Mouth pipetting is prohibited; mechanical pipetting devices are

used.
5. Policies for the safe handling of sharps are instituted.

6. All procedures are performed carefully to minimize the creation of

splashes or aerosols.
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7. Work surfaces are decontaminated at least once a day and after any

spill of viable material.

8. All cultures, stocks, and other regulated wastes are decontaminated
before disposal by an approved decontamination method such as
autoclaving. Materials to be decontaminated outside of the immediate
laboratory are to be placed in a durable, leakproof container and closed for
transport from the laboratory. Materials to be decontaminated outside of the
immediate laboratory are packaged in accordance with applicable local,

state, and federal regulations before removal from the facility.

9. A biohazard sign must be posted at the entrance to the laboratory
whenever infectious agents are present. The sign must include the name of
the agent(s) in use and the name and phone number of the investigator.

10. An insect and rodent control program is in effect .

B. Special Practices None
C. Safety Equipment (Primary Barriers)

1. Special containment devices or equipment such as a biological

safety cabinet are generally not required for manipulations of agents

assigned to Biosafety Level 1.

2. It is recommended that laboratory coats, gowns, or uniforms be

worn to prevent contamination or soiling of street clothes.

3. Gloves should be worn if the skin on the hands is broken or if a

rash is present. Alternatives to powdered latex gloves should be available.
4. Protective eyewear should be worn for conduct of procedures in

which splashes of microorganisms or other hazardous materials is

anticipated.
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D. Laboratory Facilities (Secondary Barriers)
1. Laboratories should have doors for access control.
2. Each laboratory contains a sink for handwashing.

3.The laboratory is designed so that it can be easily cleaned. Carpets

and rugs in laboratories are not appropriate.

4. Bench tops are impervious to water and are resistant to moderate
heat and the organic solvents, acids, alkalis, and chemicals used to

decontaminate the work surface and equipment.

5. Laboratory furniture is capable of supporting anticipated loading
and uses. Spaces between benches, cabinets, and equipment are accessible

for cleaning.

6. If the laboratory has windows that open to the exterior, they are

fitted with fly screens.
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Table 1. Biosafety levels

BSL, Agents Practicos Safiety I*]quiprﬁent Itacilities .
(Primary Barriers) (Secondary Barriers)
1 Not known to consistently Standard Microbiological None required Open bench top sink
cause disease in healthy  Practices required
adults
2 Associated with human * BSL-1 practice plus: Primary barriers = Class I * BSL-1 plus:
disease, hazard = * Limited access or II BSCs or other * Autoclave available
perculaneous injury, * Biohazard warning signs physical containment
ingestion, mucous * "Sharps" precautions devices used for all
membrane exposure * Biosafety manual definingmanipulations of agents
any needed waste that cause splashes or
decontamination or aerosols of infectious
medical surveillance materials; PPEs:
policies laboratory coats; gloves;
face protection as needed
3 Indigenous or exotic ® BSL-2 practice plus: Primary barriers = Class | * BSL-2 plus:
agents with potential for  * Controlled access or II BCSs or other ® Physical separation from
acrosol transmission; * Decontamination of all  physical containment access corridors
disease may have serious  wasle devices used for all open  * Self-closing, double-door
or lethal consequences ® Decontamination of lab  manipulations of agents;  access
clothing before PPEs: protective lab * Exhausted air not
laundering clothing; gloves; recirculated
* Baseline serum respiralory protection as * Negalive airflow into
needed laboratory
4 Dangerous/exotic agents  * BSL-3 practices plus: Primary barriers = All * BSL-3 plus:

which pose high risk of
life-threatening disease,
aerosol-transmitted lab
infections; or related
agents with unknown risk

of transmission

Clothing change before
entering

Shower on exit

All material
decontaminated on exit

from facility

procedures conducted in
Class IIT BSCs or Class [

or II BSCs in combination ®

with full-body, air-

supplied, positive pressure

personnel suit

Separate building or
isolated zone
Dedicated supply and
exhaust, vacuum, and
decon systems

L]

Other requirements
outlined in the text

Biol 142 General Microbiology —

Spring 2010






MICROBIOLOGY LAB RULES

1.Wash hands before leaving lab.

2.Clean the lab table before and after lab with the 10% bleach solution provided.
3.1f you are allergic to any antibiotics please inform the instructor immediately.

4 Because the microorganisms used in this class are potentially harmful (BL Il),
NO eating or drinking is allowed in the lab.

5.All materials and clothes other than those needed for the laboratory are to be
kept away from the work area.

6.Any item contaminated with bacteria or body fluids must be disposed of
properly. Disposable items are to be placed in the BIOHAZARD container.
Reusable items are to be placed in the designated area for autoclaving prior to
cleaning. Sharps are to be disposed of in the appropriate container

7.Cuts and scratches must be covered with Band-Aids. Disposable gloves will be
provided on request.

8.Long hair should be tied back while in lab.

9.All accidents, cuts, and any damaged glassware or equipment should be
reported to the lab instructor immediately.

10.It is the responsibility of the student to know the location and use of all safety
equipment in the lab (eyewash, fire extinguisher, etc.)

11.Reusable items should have all tape and marks removed by the student
before being autoclaved.

12.Read labs before coming to class and be on time. Lab instructions will not be
repeated if you are late. Do not forget your lab manual. Wait for a laboratory
introduction by the instructor before starting work.

13.You may want to wear old clothes to lab. We occasional work with stains that
may permanently damage clothing. A limited number of lab coats are available
upon request.
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MICROSCOPY

APPROXIMATE DURATION: 2 HOURS

note: this is typically the longest and most frustrating lab for new students.

OBJECTIVES

After completing this exercise you should be able to:
Demonstrate the correct use of the compound light microscope.
Name the major parts of the microscope.

Determine the diameter of a field of view.
Prepare a wet mount.

s

INTRODUCTION

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 capabilities. Bacteria and other cellular
microorganisms are measured in micrometers (um) or 1 x 106 meters.

There microscopes used in an introductory microbiology laboratory is a
compound light or bright-field microscope. All light microscopes have the same
basic features shown in figure 1.1.

A compound microscope consists of at least two magnifying lenses. One
magnifying lens is in the ocular and one is in the objective. Each contributes to
the magnification of the object on the stage. The total magnification of any set of
lenses is determined by multiplying the magnification of the objective by the
magnification of the ocular. The turret rotates allowing the objectives to change
and thus change the magnification of the microscope. An iris diaphragm below
the stage should be used to control the amount of light passing through a
specimen. Less light is need at low magnification than at higher magnification.
Too much light at low magnification may mask the specimen, particularly
something as small as a bacterial cell.

11



Oculars

//

/ - Arm

Objectives < \ \

Turret

R

Coarse Adjustment
Fine Adjustment

Stage

©

Condenser

Light Source

The Figure 1.1. Components of a typical compound light microscope.

distance between the specimen on the stage and the objective 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 approximately 0.2 um. Objects closer together than 0.2 um will

not be distinctly seen. Increasing the magnification will not make the objects

12



Base

more distinct, just bigger.

Each objective has the magnification of the objective written on the
objective. The magnification of the ocular is also inscribed on the ocular. Low
magnifications are used for quickly examining the slide to find an appropriate
area to examine. Higher magnifications allow the examination of a particular
object on the slide. Examine your microscope and complete the table below.

When you look through the ocular you will see a lighted circle. This is
known as the field of view or the field. While looking through the microscope
move the iris diaphragm 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 objective.

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.

MATERIALS
Microscope Prepared slides of bacteria
Newsprint Hay infusion
Stage micrometer Protoslow
Slides Immersion oll
Coverslips Lens paper
Transfer pipettes
PROCEDURE

1.Place a piece of newsprint on a microscope slide and cover with a coverslip.
ALWAYS USE A COVERSLIP!

2.Turn the microscope on and set the light source on its highest setting.

3.Use the coarse adjustment knob to obtain maximum working distance.

4 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
the edge of the coverslip bisects the hole in the stage.

5.Rotate the scanning objective (4X) into place.

6.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.

7.Look through the oculars. Adjust the light with the iris diaphragm lever on the



condenser if necessary. Slowly turn the coarse adjustment knob until the edge of
the coverslip comes into focus. Use the fine adjustment knob to sharpen the
focus.

8.Use the stage adjustment knob to locate the letter “e” in the newsprint. Note the
orientation of the letter “e” in the newsprint.

9.Rotate a higher power objective (10X) 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. The image is now magnified 100X
(10X ocular x 10X objective = 100X magnification). Draw the letter “e” as it
appears in the microscope on the lab report sheet.

10.Place a stage micrometer on the stage and determine the diameter of the field
of view for all four objectives. The micrometer is 2 mm in length. The ruler is
divided into tenths. Record the distances on the lab report sheets.

11.When using the high power objective (100X) use the following
procedure. Rotate the turret halfway between the 40X and 100X objective. Place
a drop of immersion oil on the slide and rotate the oil immersion objective (100X)
into place. The objective should be immersed in the oil on the slide. Use the fine
adjustment knob to sharpen the focus. Adjust the light using the iris diaphragm
lever if necessary. Never use the coarse adjustment knob with high power.
12.Place a drop of water from the hay infusion on a microscope slide. Cover with
a coverslip and view under all four objectives. Sketch two (2) of the organisms at
400X magnification.

13.0btain a prepared slide for two bacterial species. View slides under the
1000X objective and sketch the bacteria. Don’t forget the immersion oil!
14.When you are finished with the microscope clean the microscope, as
described below, and return it to storage.

PROCEDURE FOR CLEANING A MICROSCOPE

1.Turn off the light and unplug the cord. Store the cord appropriately.
2.Using the coarse adjustment knob to obtain maximum working distance and
remove the slide from the stage.

3.Using lens paper clean all the lenses starting with the cleanest first—oculars,
4X through 100X objectives.

4.Clean any oil off of the stage using Kimwipes or paper towels.

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

6.Return the microscope to the appropriate storage area.

14
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MiCROSCOPY LAB REPORT I.D. No.: LAB
SECTION:

1. Sketch the orientation of the letter “e€” as viewed through the microscope at
100X magnification.

2. Fill-in the table below.

Magnification Field of
Objective Objective Ocular Total view (um)
Scanning
Low Power
High Power

Oil Immersion

3. View the hay infusion at 100X or 400X magnification. Circle any of the
organisms below that you can identify in the hay infusion?

4. Sketch the bacteria from two prepared slides under 1,000X
magnification and give their approximate sizes in micrometers in
the space below. Note the name and color of the bacteria.

16
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ASEPTIC TECHNIQUE AND CULTIVATION

APPROXIMATE DURATION: 1 HOURS

OBJECTIVES

After completing this exercise you should be able to:

1. |dentify various types of media
2. Isolate bacteria using aseptic technique.
INTRODUCTION

ASEPTIC TECHNIQUE

When working with microorganisms it is desirable to work with a pure
culture. A pure culture is composed of only one kind of microorganism.
Occasionally a mixed culture is used. In a mixed culture there are two or more
organisms that have distinct characteristics and can be separated easily. In either
situation the organisms can be identified. When unwanted organisms are
introduced into the culture they are known as contaminants.

Aseptic technique is a method that prevents the introduction of unwanted
organisms into an environment. When changing wound dressings aseptic
technique is used to prevent possible infection. When working with microbial
cultures aseptic technique is used to prevent introducing additional organisms
into the culture.

Microorganisms are everywhere in the environment. When dealing with
microbial cultures it is necessary to handle them in such a way that
environmental organisms do not get introduced into the culture. Microorganisms
may be found on surfaces and floating in air currents. They may fall from objects
suspended over a culture or swim in fluids. Aseptic technique prevents
environmental organisms from entering a culture.

Doors and windows are kept closed in the laboratory to prevent air
currents which may cause microorganisms from surfaces to become airborne
and more likely to get into cultures. Transfer loops and needles are sterilized
before and after use in a Bunsen burner to prevent introduction of unwanted
organisms. Agar plates are held in a manner that minimizes the exposure of the
surface to the environment. When removing lids from tubes they are held in the
hand and not placed on the countertop during the transfer of materials from one
tube to another. All of these techniques comprise laboratory aseptic technique.

18



CULTIVATION

Microorganisms must have a constant nutrient supply if they are to
survive. Free-living organisms acquire nutrients from the environment and
parasitic organisms acquire nutrients from their host. When trying to grow
microbes in the lab adequate nutrition must be provided using artificial media.
Media may be liquid (broth) or solid (agar). Any desired nutrients may be
incorporated into the broth or agar to grow bacteria.

Agar is the solidifying material used in solid media. It is an extract of
seaweed that melts at 100°C and solidifies at about 42°C. Most pathogenic
bacteria prefer to grow at 37°C so agar allows for a solid medium at incubator
temperatures.

Organisms grown in broth cultures cause turbidity, or cloudiness, in the
broth. On agar, masses of cells, known as colonies, appear after a period of
incubation. Certain techniques will allow bacterial cells to be widely separated on
agar so that as the cell divides and produces a visible mass (colony), the colony
will be isolated from other colonies. Since the colony came from a single bacterial
cell, all cells in the colony should be the same species. Isolated colonies are
assumed to be pure cultures. Colony morphology is described in terms of
shape, margin or edge, elevation and color (Fig. 2.1).
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Figure 2.1. Bacterial colony morphology descriptions.

You will be using these isolated colonies for next week lab. It behooves
you work carefully. Otherwise you will have to repeat the exercise until you have
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isolated colonies.

MATERIALS
Mixed culture of: Wire Inoculating loop
Escherichia coli Bunsen burner
Staphylococcus aureus Striker
2 Large nutrient agar plate Sharpie marker
1 Small nutrient agar plate
PROCEDURE
1. Label the agar side of the large plates with your name, date and source

ok owb

material using the laboratory marker. This should become a habit and
done every time you pick up a new plate.

Remove the lid and leave the plate exposed to the air for 2 minutes.
Obtain and label another plate.

Sterilize the inoculating loop in the inner flame of the Bunsen burner.
Obtain a loop of broth from the mixed culture tube using aseptic
technique. Do not set the test tube cap on the benchtop.

Lift the agar plate from the lid and streak the first quadrant of the plate as
shown in step one of figure 2.2. Do not set the Petri dish lid on the
bench top. The loop should be parallel to the agar surface to prevent
digging into or gouging the agar. Return the plate to the lid.

Re-sterilize the inoculating loop and return to the agar plate. Streak once
through the first quadrant, which you have already inoculated, and
continue on into the next quadrant in a zig-zag pattern, as shown in step 2
of figure 2.2. Repeat the process for steps 3 and 4 shown in figure 2.2.
As a result of this process you will pick up fewer and fewer bacterial cells
with each pass and distribute them farther and farther apart. In the end
you should have several well isolated bacterial colonies (Fig. 2.3).

Place the plate in a 37°C incubator for 24-48 hours. Check your cultures
the next day. If you do not have isolated colonies you will need to repeat
the exercise immediately. You must have isolated colonies for next
weeks lab exercise.

Use a lab marker to divide the back of the small nutrient agar plate in half.
Mark it with your name, date and source on each half of the plate.

10. Lightly press your finger tips onto one half of the plate.
11. Use a sterile cotton swab to swab an area from the environment such as a



door knob or the bottom of your shoe. Use this swab to lightly swab the
other half of the small nutrient agar plate.

12. Place the plate in a 37°C incubator for 24-48 hours. Examine you plates
during the next lab session.

13. During the next lab period record your findings in terms of whether you
obtained pure (axenic) cultures. Use the terms given above to describe
the colony morphologies for both your isolation plate and your
environmental sample plate.

Figure 2.3. Streak isolation of bacteria.
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CULTIVATION LAB REPORT |.D. NO.: LAB SECTION:

1.

Describe the shape, edge, elevation and color of the colonies from the
mixed culture using the terms given in figure 2.1:

Describe the shape, edge, elevation and color of the colonies from your
fingertips using the terms given in figure 2.1:

Describe the shape, edge, elevation and color of the colonies from that
you cultured from the environment using the terms given in figure 2.1:

Based on your results should you touch plates with your hands?

Where may microorganisms be found?

Why should you never set the lid on the Petri dish or a test tube cap on
the bench top?

23



STAINING

APPROXIMATE DURATION: 1% HOURS

OBJECTIVES

After completing this exercise you should be able to:

1. Describe the major division between bacteria

2. Describe and conduct the Gram Stain procedure

3. Describe the purpose of the malachite green stain
INTRODUCTION

Bacteria have almost the same refractive index as water. This means
when you try to view them using a microscope they appear as faint, gray shapes
and are difficult to visualize. Staining is one method for making microbial cells
easier to visualize.

Simple stains use only one dye that stains the cell wall of bacteria much
like dying eggs at Easter. Differential stains use two or more stains and
categorize cells into groups. Both staining techniques allow the detection of cell
morphology, or shape, but the differential stain provides additional information
concerning the cell. The most common differential stain used in microbiology is
the Gram stain.

The Gram stain uses four different reagents and the results are based on
differences in the cell wall of bacteria. Some bacteria have relatively thick cell
walls composed primarily of a carbohydrate known as peptidoglycan. Other
bacterial cells have thinner cell walls composed of peptidoglycan and
lipopolysaccharides. Peptidoglycan is not soluble in organic solvents such as
alcohol or acetone, but lipopolysaccharides are nonpolar and will dissolve in
nonpolar organic solvents.

Crystal violet acts as the primary stain. This stain can also be used as a
simple stain because it colors the cell wall of any bacteria. Gram’s iodine acts as
a mordant. This reagent reacts with the crystal violet to make a large crystal that
is not easily washed out of the cell. At this point all cells will be the same color.
The difference in the cell walls is displayed by the use of the decolorizer. A
solution of acetone and alcohol is used on the cells. The decolorizer does not
affect those cell walls composed primarily of peptidoglycan but those with the
lipid component will have large holes develop in the cell wall where the lipid is
dissolved away by the acetone and alcohol. These large holes will allow the

24



crystal violet-iodine complex to be washed out of the cell leaving the cell
colorless. A counterstain, safranin, is applied to the cells which will dye the
colorless cells.

The cells that retain the primary stain will appear blue or purple and are
known as Gram positive. Cells that stain with the counterstain will appear pink or
red and are known as Gram negative. The lipopolysaccharide of the Gram
negative cell not only accounts for the staining reaction of the cell but also acts
as an endotoxin. This endotoxin is released when the cell dies and is responsible
for the fever and general feeling of malaise that accompanies a Gram negative
infection.

When reporting a Gram stain you must indicate the stain used, the
reaction, and the morphology of the cell. Round, purple (blue) cells would be
reported as Gram positive cocci and rod-shaped, purple (blue) cells would be
reported as Gram positive bacilli.

In order to survive some bacteria produce endospores that are highly
resistant to harsh environmental conditions. The malachite green staining
procedure is a differential staining that is used to distinguish between vegetative
cells and endospores.

MATERIALS
Microscope slides Malachite green stain
Coverslips Mixed culture of:
Immersion oil Escherichia coli
Clothes pin Staphylococcus aureus
Gram Stain kit Culture of Bacillus
Lens paper

Transfer loop

PROCEDURE
GRAM STAIN

1. Place a drop of distilled water on a slide.

2. Flame sterilize a loop and transfer some material from an isolated
colony to the drop of water.

3. Using a clothes pin to hold the slide, heat fix the sample by passing
it through the flame until all of the water has evaporated. This may
take several minutes. Be patient. You do not want to cook your
bacteria.

25



11.

12.

13.

14.

Place the slide on the staining rack and flood with crystal violet for 1
minute.

Rinse the slide with distilled water, tilting the slide slightly to rinse all
the stain from the slide.

With the slide slightly tilted, drop a few drops of Gram’s iodine on
the slide to rinse off the last of the rinse water. Place the slide flat
and flood with Gram’s iodine for 1 minute.

Rinse the slide with water as in step 5.

With the slide tilted, slowly drop acetone-alcohol decolorizer on the
slide. Blue color will run from the smear. Continue to apply
decolorizer drop-by-drop until the blue stops running from the
smear. This should take approximately 15 seconds.

Immediately rinse with water.

. With the slide slightly tilted add safranin to the slide to replace the

rinse water then lay the slide flat and flood the slide with safranin
for 30 seconds.

Rinse safranin from the slide with distilled water. Gently tap the
slide to remove excess water.

Place a piece of bibulous paper or paper towel on the lab table and
put the slide on it. Fold the paper over the slide and gently blot the
slide to remove the water.

If the slide is still damp place a coverslip on it. Otherwise, place a
drop of water on the slide and place a coverslip on top.

Examine the stained smear with the microscope and record your
results below.

ENDOSPORE STAIN

1.

o gk wbd

Transfer some of the Bacillus culture to a slide using a heat
sterilized loop.

Heat fix the sample as described above.

Place a piece of cut paper towel over the bacterial smear.
Saturate the filter paper with malachite green stain.

Place the slide on a beaker of water over a Bunsen burner.
Steam the slide for at least 5 minutes. Do not permit the stain to
dry. Add additional stain as necessary.

Rinse off the paper and excess stain with distilled water. DO NOT
put the paper in the sink.

Counterstain the sample with safranin from the Gram Stain kit for
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10.

11.

one minute.

Rinse safranin from the slide with tap water. Gently tap the slide to
remove excess water.

Place a piece of bibulous paper or paper towel on the lab table and
put the slide on it. Fold the paper over the slide and gently blot the
slide to remove the water.

Examine the stained smear with the microscope and record your
results below.
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STAINING LABORATORY REPORT |.D. NO.: LAB SECTION:

1.

What color did the E. coli stain? Is it Gram positive or negative? How
would you describe the shape of the cells?

What color did the Staphylococcus stain? Is it Gram positive or negative?
How would you describe the shape of the cells?

What color was the Bacillus spore?

What is the purpose of staining bacteria?

What is the most common differential staining procedure used in
microbiology?

What difference in structure between bacteria results in the differential
staining observed in the Gram stain procedure? Be detailed and specific.
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ISOLATION OF NORMAL FLORA

APPROXIMATE DURATION: 1 HOUR

OBJECTIVES

After completing this exercise you should be able to:
1. Discuss the benefits and threats of normal flora
2. Isolate bacteria from the normal flora using aseptic technique

INTRODUCTION

The human body provides a rich and inviting environment for many
bacteria. The microorganisms that are permanently associated with a person are
known as one’s normal or indigenous flora. Typically, these bacteria help
maintain the health of the individual but may under certain circumstances
become opportunistic pathogens. There are numerous distinct sites or niches on
or in the human body each harboring its own specialized microflora. In the
exercise below we will explore the bacteria associate with each end of the
gastrointestinal tract, as well, as the skin.

THROAT CULTURE

The upper respiratory tract is a moist warm environment which may be
home to a number genera, including Staphylococcus, Streptococcus, Neisseria
and Haemophilus. Nearly everyone is acquainted with the typically mild disease
known as “strep throat”. Streptococcus pyogenes or Group A Strep is beta
hemolytic and not part of the normal throat flora. Sheep blood agar provides the
enrichment necessary for growing many of the Streptococcus species and also
acts as a differential media. The hemolysis produced on sheep blood agar helps
separate the normal alpha hemolytic organisms from the pathogenic, beta-
hemolytic Streptococcus pyogenes.

Organisms that grow in the throat also need special atmospheric
conditions to grow. These organisms are exposed to the higher carbon dioxide
content in exhaled breath. To successfully grow these organisms this carbon
dioxide rich atmosphere must be reproduced. Organisms that require less
oxygen are known as microaerophiles. In the laboratory this atmosphere may be
produced by placing the plates in a large jar, lighting a candle in the jar and
replacing the lid. As the candle burns, some of the oxygen in the jar is converted
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to carbon dioxide.

Typically pharyngitis would cause redness and possibly pockets of pus on
the back of the throat. When culturing a throat these areas indicating
inflammation should be swabbed to provide the specimen. Usually a swab in a
protective plastic sleeve (Culturette) is used to take a throat culture. Once the
specimen has been taken the swab is returned to its protective sleeve and an
ampule of transport media is broken in the bottom of the sleeve. Transport media
is a special purpose media that contains balanced salts to protect the specimen
from pH changes and keeps the swab moist while in transit to the laboratory for
culturing. Nutrients are not provided so growth does not occur but the organisms
can survive for several hours in the transport media, particularly if refrigerated.

GASTROINTESTINAL CULTURE

The human gastrointestinal tract is inhabited by a largest number of
bacteria of any of the organ systems in the human body. The stomach and small
intestine are sparsely populated, however, due to the low pH of stomach acid and
the a battery of digestive enzymes. The large intestine on the other hand
supports over 10" bacteria per gram of feces. Most of this indigenous population
is comprised of strict anaerobes belonging to the genera Bacteriodes,
Bifidobacterium and Lactobacillus and facultative anaerobes belonging to the
phylum Enterobacteriacea. The Enterobacteriacea found in the human gut
belong primarily to the genera Escherichia, Enterobacter, Citrobacter, Proteus,
Enterococcus and Streptococcus.

Most of this normal flora is established early in life as result of colonization
during breast-feeding. These microorganisms have a mutually beneficial
relationship with man referred to as commensalism. This normal flora prevents
colonization by potential pathogens, synthesizes vitamins and is essential in
proper gut development during early childhood.

In this lab you will be using Eosin Methylene Blue agar (EMB) to isolate
bacteria collectively referred to as fecal coliforms, a term synonymous with the
Enterobacteriacea listed above. EMB agar contains the sugars lactose and
sucrose, which are fermented by coliforms. The dyes, eosin Y and methylene
blue, inhibit the growth of Gram positive bacteria and act as an indicator of acid
production by the coliforms. Under acidic conditions the dyes form a complex
that has a green metallic sheen.

SKIN CULTURE

The skin in generally an inhospitable environment for most
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microorganisms. Some areas of the skin are extremely dry. The outer epidermal
layer is constantly being sloughed off carrying bacteria with it. In addition, the
sebaceous glands produce a number of antimicrobial compounds.

You will use mannitol salt agar to differentiate the bacteria of the skin.
Mannitol salt agar medium has a 2-fold purpose----salt resistance and mannitol
sugar use. There is 7.5% NaCl (salt) in this medium, compared to the 0.5%
normally found in medium. Any organism that grows will be halophilic: either it
actually "needs" the salt to grow or it is just tolerant of high salt. The main
nutrient in the medium is mannitol sugar, with the pH indicator phenol red (red-
orange color at neutral pH). As the mannitol sugar is used and acid by-product
is produced, the pH around the colonies is lowered, causing the indicator to turn
yellow.

MATERIALS
Blood agar plate MSA plate
Tongue depressor EMB plate
Sterile swabs Sterile saline
PROCEDURE

GASTROINTESTINAL CULTURE

1. Wet the swab in the sterile saline solution. Swab the rectum with
the damp swab. Do this on the day of class and bring the swab to
class.

2. Swab a small area of an EMB agar plate. Use an inoculating loop
to streak for isolation.

3. Incubate the plate inverted at RT for 1 week.

4. Examine plates the next day. E. coli and Citrobacter spp. produce
a green metallic sheen.

(note: E. coli will lose its sheen and turn pink if refrigerated.)

THROAT CULTURE

1. Obtain a sheep blood agar plate, sterile swab, sterile saline and
tongue depressor.

2. Label the agar plate with your “patient’s” name.

3. Wet the sterile swab with sterile saline.

4. Using the tongue depressor, flatten the patient’s tongue. Having the
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patient say “Ahhhh” helps flatten the tongue. Being careful not to
touch any other parts of the mouth, use the damp sterile swab to
firmly swab the back of the patient’s throat. Use care. Some people
have a very strong gag response and this may induce vomiting.

Gently roll the swab across the surface of the blood agar plate.
Using a sterile loop, streak the plate for isolation. First streak
through the area where you rolled the swab and cover
approximately half of the plate. Sterilize the loop and streak one
quarter of the plate streaking into the original streaking only once.
Repeat the procedure for the remaining quarter of the plate
streaking into the second streaking only once. Discard the swab
and tongue depressor in the biohazard container.

Place the plate in a candle jar. The jar will be incubated at 35-37°C
for a minimum of 18 hours.

Following incubation, examine the plate for the presence of beta
hemolytic colonies. A predominance of beta hemolytic colonies
would indicate a possible throat infection with Streptococcus
pyogenes.

When finished examining the plate, discard in the biohazard
container.

SKIN CULTURE

Divide a mannitol salt agar (MSA) plate in half and label the plate.
Wet a sterile swab with sterile saline.

Swab your scalp. Use the swab to inoculate one half of the MSA
plate.

Repeat the procedure on your forearm using a new swab.
Incubate the plate inverted at 37°C for 24-48 h.

During the next lab session examine the plates for the presence of
mannitol fermentation which will be apparent as yellow halos
around the colonies. Be sure and note the color of the colonies
themselves.
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NORMAL FLORA LABORATORY REPORT |.D. NO.: LAB SECTION:

1.

Did you find beta hemolytic bacteria in the throat culture of your patient?

Why is sheep blood agar used for throat cultures?

What organism is pathogenic in the throat?

What incubation conditions are required for throat cultures?

What is the purpose of the candle jar?

Define microaerophile.

Did colonies without a green metallic sheen grow on your EMB plates?
What color were they?

Which areas of skin did you swab? Was there a noticeable difference in
diversity and/or abundance between the two areas?

Use the following table to identify the various inhabitants of the skin.

Test & colony color

Ferments mannitol: S. aureus (generally golden in color)
Does not ferment mannitol:

white S. epidermidis

red M. roseus

yellow M. luteus

10. Which bacteria did your skin harbor?
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EPIDEMIOLOGY

APPROXIMATE DURATION: 1 HOUR

OBJECTIVES

After completing this exercise you should be able to:

1. Describe methods of transmission
2. Determine the source of a simulated epidemic
INTRODUCTION

In every infectious disease, the disease-producing microbe, the pathogen,
must come in contact with the host, the organism that harbors the pathogen.
Communicable diseases can be spread from one host to another. Some
microbes cause disease only if the body is weakened or if a predisposing event
such as a wound allows them to enter the body. Such diseases are called non-
communicable diseases; they cannot be transmitted from one hose to another.
The science that deals with when and where disease occur and how they are
transmitted in the human population is called epidemiology. Sporadic diseases
are those that occurs occasionally in a population. Endemic diseases are
constantly present in the population. When many people in a given area acquire
the disease in a relatively short period of time, it is referred to as an epidemic
disease. Influenza often achieves epidemic status.

Diseases can be transmitted by direct contact between hosts. Droplet
infection, when microbes are cared on liquid drops from a cough or sneeze, is a
method of direct contact. Disease can also be transmitted by contact with
contaminated inanimate objects, or fomites. Drinking glasses and food are
examples of fomites.

Some diseases are transmitted from one host to another by vectors.
Vectors are insects and other arthropods that carry pathogens.

The continual source of an infection is called the reservoir. Humans who
harbor pathogens but who do not exhibit any signs of disease are called carriers.
Some of the data compiled by epidemiologist is the prevalence and
incidence of a disease. The prevalence is the number cases in a population at a
particular point in time. The incidence rate is the number of new cases in a given

time period for the entire at-risk population.

In this exercise you are going to simulate an epidemic. You will then
calculate the prevalence of the disease and determine the incidence rate.



MATERIALS

4 sterile cotton swabs 1 Nutrient Agar plate

1 Test tube of Nutrient broth Sharpie

Sterile saline Pair of exam gloves
PROCEDURE

1. Divide the NA plate into six sectors. Label one sector “control” and the
remaining five sectors “week” one through five. Don’t forget to label the plate
with the date and your name. Your plate should look like figure 5.1:

Nare Oale

Cortsd

N )
Weooe & Woet *

Weex 4 Weok 2

Weox 3

Figure 5.1. Agar plate for epidemiology experiment.

2. Put on the exam gloves, remove and moisten a sterile swab with sterile
saline. Use the swab to sample the palm of your left hand and streak the
control area of the plate. Always discard swabs in the hazardous waste.

3. Choose a tube of nutrient broth and record the number on your lab report

sheet below.
4. Use a new swab to moisten palm of your left hand from the nutrient broth.

Discard all swabs in the hazardous waste.

5. Shake hands with a classmate when instructed to do so. Make sure that
your palms make good contact. This will be your week 1 contact. Record the
number of the test tube of the person you shook hands with in the week one
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sector. Swab your left palm with a new swab moistened with saline and
streak the week 1 sector of the plate. Discard the swab in the hazardous
waste.

Repeat the process steps 4 and 5 at the instructors signal with four other
classmates. You may not contact the same person more than once.
Incubate the plate at RT for one week.

To fill-in the lab report sheet find your test tube number in the Test Tube No.
column. Record your data across the row. Under the week 1 column record
the number of the person you contacted in the upper left corner of the box.
In the lower right corner record whether there was growth (+) or no growth (-)
in the week 1 sector of the plate. Complete the record weeks 2 through 5.
Record the data gathered by the rest of the class.
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EPIDEMIOLOGY LAB REPORT |.D. NO.: LAB SECTION:
Your Culture No.:
\Week Contact No.
1
2
3
4
5
Table 1. Cumulative class data
Contact Weeks
Culture No. 1 2 4
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
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EPIDEMIOLOGY LAB REPORT [.D. NO.: LAB SECTION:

1.

What was the number of the index case?

The prevalence of a disease is the number of cases in any particular week
multiplied by 100. Use the following formula to determine the prevalence of
cases each week and fill in the table below.

existing cases
prevalence = -
% total population

x 100

Similarly, the incidence rate is the number of new cases each
week from among the at risk population. Use the following
formula and record the results in the table below.

_— number of new cases
incidence rate = X

% at risk population

100

Week Incidence Prevalence

4.

What does the incidence rate tell you that the prevalence does
not?
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BACTERIAL GROWTH

APPROXIMATE DURATION: 2 HOURS

OBJECTIVES

After completing this exercise you should be able to:
1. Define a CFU

2. Describe the mathematical equation for bacterial growth
3. Determine the cell density of a starting culture
INTRODUCTION

Growth is an orderly increase in the quantity of cellular constituents. It
depends upon the ability of the cell to form new protoplasm from nutrients
available in the environment. In most bacteria, growth involves increase in cell
mass and number of ribosomes, duplication of the bacterial chromosome,
synthesis of new cell wall and plasma membrane, partitioning of the two
chromosomes, septum formation, and cell division. This asexual process of
reproduction is called binary fission.

Methods for measurement of the cell mass involve both direct and indirect
techniques.

1.Direct physical measurement of dry weight, wet weight, or volume of cells
after centrifugation.

2.Direct chemical measurement of some chemical component of the cells
such as total N, total protein, or total DNA content.

3.Indirect measurement of chemical activity such as rate of O2 production
or consumption, CO2 production or consumption, etc.

4. Turbidity measurements employ a variety of instruments to determine
the amount of light scattered by a suspension of cells. Particulate objects
such as bacteria scatter light in proportion to their numbers. The turbidity
or optical density of a suspension of cells is directly related to cell mass
or cell number, after construction and calibration of a standard curve. The
method is simple and nondestructive, but the sensitivity is limited to about
107 cells per ml for most bacteria.
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Absorbance (600 nm)

THE BACTERIAL GROWTH CURVE

In the laboratory, under favorable conditions, a growing bacterial
population doubles at regular intervals. Growth is by geometric progression: 1, 2,
4,8, etc. or 20, 21, 22, 23......... 2n (where n = the number of generations). This is
called exponential growth. In reality, exponential growth is only part of the
bacterial life cycle, and not representative of the normal pattern of growth of
bacteria in Nature.

When a fresh medium is inoculated with a given number of cells, and the
population growth is monitored over a period of time, plotting the data will yield a
typical bacterial growth curve (Fig. 6.1).

Figure 6.1. An idealized bacterial growth curve.

Four characteristic phases of the growth cycle are recognized.

1. Lag Phase. Immediately after inoculation of the cells into fresh
medium, the population remains temporarily unchanged. Although
there is no apparent cell division occurring, the cells may be growing in
volume or mass, synthesizing enzymes, proteins, RNA, etc., and
increasing in metabolic activity.

The length of the lag phase is apparently dependent on a wide
variety of factors including the size of the inoculum; time necessary to
recover from physiacal damage or shock in the transfer; time required
for synthesis of essential coenzymes or division factors; and time

required for synthesis of
new (inducible) , . enzymes
that are necessary  11me (min) to
metabolize the substrates

present in the medium.

1. Exponential (log) Phase. The exponential phase of growth is a
pattern of balanced growth wherein all the cells are dividing regularly
by binary fission, and are growing by geometric progression. The cells
divide at a constant rate depending upon the composition of the growth
medium and the conditions of incubation. The rate of exponential
growth of a bacterial culture is expressed as generation time, also the
doubling time of the bacterial population. Generation time (G) is
defined as the time (t) per generation (n = number of generations).
Hence, G=t/n is the equation from which calculations of generation
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time (below) derive.

2. Stationary Phase. Exponential growth cannot be continued forever in
a batch culture (e.g. a closed system such as a test tube or flask).
Population growth is limited by one of three factors: 1. exhaustion of
available nutrients; 2. accumulation of inhibitory metabolites or end
products; 3. exhaustion of space, in this case called a lack of
“pbiological space”.

During the stationary phase, if viable cells are being counted, it
cannot be determined whether some cells are dying and an equal
number of cells are dividing, or the population of cells has simply
stopped growing and dividing. The stationary phase, like the lag phase,
is not necessarily a period of quiescence. Bacteria that produce
secondary metabolites, such as antibiotics, do so during the
stationary phase of the growth cycle (Secondary metabolites are
defined as metabolites produced after the active stage of growth). It si
during the stationary phase that spore-forming bacteria have to induce
or unmask the activity of dozens of genes that may be involved in
sporulation process.

3. Death Phase. If incubation continues after the population reaches
stationary phase, a death phase follows, in which the viable cell
population declines. (Note, if counting by turbidimetric measurements
or icroscopic counts, the death phase cannot be observed.). During the
death phase, the number of viable cells decreases geometrically
(exponentially), essentially the reverse of growth during the log phase.

GROWTH RATE AND GENERATION TIME

As mentioned above, bacterial growth rates during the phase of
exponential growth, under standard nutritional conditions (culture medium,
temperature, pH, etc.), define the bacterium’s generation time. Generation times
for bacteria vary from about 15 minutes to 24 hours or more. The generation time
for E. coli in the laboratory is 15-20 minutes, but in the intestinal tract, the
coliform’s generation time is estimated to be 12-24 hours.

PLATE COUNTS

Often it is desirable to know the concentration of a bacterial population in
or on a source material. For example, the EPA freshwater standards require that
lakes and streams contain fewer than 200 E. coli per 100 ml of water. One
method of determining whether a freshwater lake meets this standard is to
culture a small amount of water on an agar plate and count the number of
colonies that form. Thus, one obtains a count of colony forming units (CFUs).
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Particularly high concentrations of the bacteria may require the dilution of the
starting material before culturing on an agar plate. This reduces the number of
CFUs to a more manageable number, ideally some where between 30 and 300

colonies.

MATERIALS

Broth Culture of E. coli Hockey Stick
3 test tubes nutrient broth 2 Sm test tubes nutrient broth
3 Nutrient Agar plates Spectrophotometer
4 one milliliter pipettes Test tube rack
Pipette aid
beaker of Alcohol
PROCEDURE

TURBIDIMETRIC MEASUREMENT OF GROWTH

2.

Turn on the spectrophotometer using the knob on the left and allow
it to warm up for 15 min.

Set the wavelength dial on the top to 600 nm.

Adjust the zero control (left knob) so that the meter reads zero.
Mind the parallax. The sample compartment should be empty.
Blank the spectrophotometer by placing one of the small test tubes
of nutrient broth in the tube holder on the top and adjusting the dial
on the right until the needle reads zero.

Add 5 ml of E. coli culture to the remaining test tube and gently mix.

Place new E. coli culture in the spectrophotometer and record the
absorbance.

Place the culture in the 37°C incubator.

Record the absorbance at 15 min, 30 min, 45 min, 1 h.and 1.5 h.
Place the culture back in the 37°C incubator between readings.

DILUTION CULTURING

. Label the four test tubes 1 through 4

Label the back of the four plates 1 through 4, as well as, with your
name and the date.

Using aseptic technique transfer 0.1 ml of the E. coli culture to the
test tube labeled #1. Gently mix the test tube.

Using a new pipette transfer 0.1 ml of test tube #1 to test tube #2.
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Gently mix the test tube.

. Using a new pipette transfer 0.1 ml of test tube #2 to test tube #3.
Gently mix the test tube.

. Using a new pipette transfer 0.1 ml of test tube #3 to test tube #4.
Gently mix the test tube.

. Using aseptic technique and a new pipette transfer 0.1 ml of the E.
coli culture in test tube #4 to the center of the plate labeled #4.
Flame a hockey stick to remove the alcohol and spread the culture
around the plate.

. Using the same pipette and aseptic technique transfer 0.1 ml of the
E. coli culture in test tube #3 to the center of the plate labeled #3.
Flame a hockey stick to remove the alcohol and spread the culture
around the plate.

. Using the same pipette and aseptic technique transfer 0.1 ml of the
E. coli culture in test tube #2 to the center of the plate labeled #2.
Flame a hockey stick to remove the alcohol and spread the culture
around the plate.

10.Using the same pipette and aseptic technique transfer 0.1 ml of the

E. coli culture in test tube #1 to the center of the plate labeled #1.
Flame a hockey stick to remove the alcohol and spread the culture
around the plate.

11.Invert the plates and incubate at 37°C for 24-36 h.
12.Count the number of colony forming units (CFUs) on each plate

and back calculate to the cell concentration in the starting culture.
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BACTERIAL GROWTH LAB REPORT |.D. NoO.: LAB SECTION:

1. What is a CFU?

2. Record the number of CFUs for each plate in the table below. If you have
more than 300 CFUs on a plate record TMTC (too many to count). If you
record TMTC in a row you do not need to calculate the stock concentration for
that row. Record “NA”, for “not applicable”, in the row in which you recorded
TMTC. Record the dilution factor for each plate. Calculate the concentration
of cells/ml in the starting stock culture.

[Plate No. |CFU Total Dilution Factor (DF) |Stock conc. (CFU x DF)
1

2
3
4

3. Record the absorbance of E. coli at 600 nm at each of the following time
points:

Time (min) Abs. 600 nm Time (min) Abs. 600 nm
0 15
30 45
60 90




Absorbance (600 nm)

4.

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Plot the data from the table above on the following graph.

E. coli Growth Curve

0 10 20 30 40 50 60 70 80

Time (min)

Is the E. coli growth linear or exponential?

Based on your results from the graph above what is the approximate
generation time of E. coli during the logarithmic growth phase in this
experiment?
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EFFECTIVENESS OF HAND WASHING

APPROXIMATE DURATION: %2 HOUR

OBJECTIVES

After completing this exercise you should be able to:

1. Evaluate the effectiveness of hand washing
2. Explain the importance of aseptic technique in the hospital
INTRODUCTION

The discovery of the importance of hand and skin surface disinfection in
disease prevention is credited to Semmelweiss at Vienna general Hospital in
1846. He noted that the lack of aseptic technique was directly related to the
incidence of puerperal fever and other diseases. Medical students would go
directly from the autopsy room to the patient’s bedside and assist in child delivery
without washing their hands. Semmelweiss established a policy of hand washing
that resulted in a drop in the death rate due to puerperal sepsis from 12% to
1.2% in one year.

Although the skin in never completely sterilized the transient and normal
flora can be significantly reduced by prolonged scrubbing with soap.

MATERIALS

Hand soap
1 Nutrient agar plate
PROCEDURE

1. Divide the nutrient agar plate into quadrants and label 1 through 4.

2. Quadrant 1 is your negative control. Do not touch it and attempt not to pass
your hands over this quadrant as you complete the exercise.

3. Touch quadrant 2 with two finger tips. This will be your positive control.

4. Rinse your hands with tap water as you normally would wash. Dry your
hands and touch two finger tips to quadrant 3.

5. Wash your hands with tap water and soap as you normally would. Dry your
hands and touch two finger tips to quadrant 4.

6. Incubate the plate at RT until the next lab period.

7. Examine the plates for the relative abundance and diversity of growth.
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Record your results below.
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HAND WASHING LAB REPORT [.D. NO.: LAB SECTION:

1. Why was quadrant 1 a negative control (what do you expect to find)?

2. Why was quadrant 2 a positive control (what do you expect to find)?

3. Rank the quadrants from that with the most growth to the least growth:

4. Which quadrant had the most differences in colony morphologies? How
many different types of morphology did you observe in this quadrant?
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CONTROL OF MICROBIAL GROWTH

APPROXIMATE DURATION: 1 HOUR

OBJECTIVES

After completing this exercise you should be able to:

1. Define antiseptic and disinfectant
2. Identify methods of controlling microbial growth
INTRODUCTION

On a daily basis we are pitched, through TV or print, products that are
reported to kill 99.9% of bacteria. What is the basis of such a claim by a company
and how accurate is the claim? To understand these claims we must first
understand the difference between the categories of antimicrobial compounds.

Antiseptics, disinfectants and antibiotics are used in different ways to
combat microbial growth. Antiseptics are used on living tissue to remove
pathogens. Disinfectants are similar in use but are used on inanimate objects or
in technical terms fomites. Antibiotics will be discussed in a later lab exercise.
Furthermore, no single chemical is the best to use in all situations. The
bactiocidal chemicals must be matched to specific microbes and environmental
conditions. In addition, we must determine at what concentration an
antimicrobial compound is most effective. A solution is considered effective if it
prevents microbial growth 95% of the time.

MATERIALS
Sterile saline
E. coli or Staphylococcus Choose one set of the following
Alcohol antimicrobials:
Forceps 0.01%, 0.1% & 1.0% bleach
Bunsen burner 0.03%, 0.3% & 3% H20:2
6 sterile Petri dishes 0.1%, 1.0% & 5.0% Triclosan soap
5 sterile glass beads 10%, 30% & 50% Isopropyl Alcohol

5 Nutrient Broth tubes
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PROCEDURE

Y
stenle glass

v beads & sterile

l saline

P"."-"- dish ot
1 min % bactenal culture
NS
10 min \
. .
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hegatuse Pogldue
Conmad Cored

24 hrs

Culture Tubes Containing Each 3 mi Nuatrient Broth

. Record the name of the bacterium and the antimicrobial on the report sheet.
. Obtain a dish of sterile glass beads. Pour 5 ml of sterile saline onto the
beads. Aseptically transfer one of these beads into a test tube containing
sterile nutrient broth using sterile forceps. This will be your negative control.
. Pour 5 ml of bacterial culture onto the beads remaining in the Petri dish.

. Gently mix the culture with the beads and then allow it to sit for 1 min.

. Aseptically transfer one of the beads to a test of nutrient broth. This will be
your positive control.

. Aseptically transfer each of the remaining beads to one of each of the diluted
antimicrobial compound. Allow the beads to sit for 10 min.

. Aseptically transfer each of the beads to a tube of nutrient broth. Incubate the
tubes at 37°C for 24 hours. Don’t forget to label your tubes.

. Examine each tube for growth (G) or no growth (NG) during the next lab
session.

. Record the classes results on the lab report.
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CONTROL OF MICROBIAL GROWTH LAB REPORT

[.D. No.: LAB SECTION:

1. Bacterium I.D. No.:

2. Antimicrobial I.D. No.:

3. Is this an antiseptic or a disinfectant or both?

4. Record the growth data from the class below.
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. Which antimicrobial is most effective against each bacterial species?

. What is the major physiological difference between these two bacteria (Gram

positive and Gram negative or the Gram stain color is not a sufficient
answer)?
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IDENTIFICATION OF AN UNKNOWN BACTERIUM

APPROXIMATE DURATION: 4 HOURS (2 LAB PERIODS)

OBJECTIVES

After completing this exercise you should be able to:
1. Describe the process of isolating and identifying a culturable
bacterium.
2. Describe how a number of different techniques are used to
distinguish a particular organism.

INTRODUCTION

The role of the clinical laboratory in a hospital is to help identify the
possible etiological agents (causative agents) of an infectious disease. This
often requires attempting to cultivate the causative agent on a number of different
media that reveal something about the metabolism of the organism. These
biochemical tests provide clues that can be used with a taxonomic key to identify
the microbe. Although these biochemical assays are often combined is a single,
easy to use system such as API strips in a clinical setting, their origins lay with
the individual assays exemplified by this lab exercise.

One medically important group of bacteria is the Enterobacteriacaea. This
family of Gram negative bacteria are common inhabitants of the human intestine
and therefore referred to as enteric bacteria. While enterics are typically
commensal microorganisms they may also be opportunistic pathogens,
especially in the immunocompromised patients often found in hospitals. You will
make use of the following biochemical tests and media:

SIM AGAR

SIM deeps are a multi-test medium comprising 3 tests: sulfide (H2S gas),
indole production, and motility. H2S can observed as a black precipitant within
the tube. Does this precipitant look familiar? What other experiment are you
currently performing where a black precipitant has formed? The amino acid
tryptophan in the medium can be converted by the enzyme tryptophanase into an
end product called indole. This chemical is identified when it reacts with Kovac's
reagent. The M stands for motility. Are either of the cultures you used motile?
How do you know?
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MRVP TEST

Fermentation processes can produce a variety of end-products,
depending on the substrate, the incubation, and the organism. In some
instances, large amounts of acid may be produced, while in others, a majority of
neutral products may result. The methyl red (MR) Voges-Proskauer (VP) test is
used to distinguish between organisms that produce large amounts of acid from
glucose and those that produce the neutral product acetoin.

CITRIC ACID UTILIZATION

Citric acid is an intermediate in the tricarboxylic acid (TCA) cycle that
oxidizes pyruvate to carbon dioxide in respiration. To use citric acid, a bacterium
must be able to transport it across the cell membrane. Utilization of citrate (the
salt of citric acid) differentiates between some enteric bacteria. This test is
performed to determine whether a bacterium can use citric acid as its sole
carbon source. It is a practical test for distinguishing between E. coli, a fecal
organism which cannot use citrate as the sole carbon source, and Enterobacter
aerogenes, a soil organism often found in water that can. Since E. coliis an
indication of fecal contamination and E. aerogenes is not, this is a routine test for
examining water quality. The test is also useful in distinguishing between various
pathogenic Salmonella species.

Collective these three tests are referred to as an IMVIC test: Indole,
Methyl red, Voges-Proskauer, Citrate.

UREASE

Urea is a nitrogenous waste product of animals. Some bacteria can
cleave it to produce carbon dioxide and ammonia. The production of ammonia
raises the pH of the media. The indicator phenol red is utilized in the broth,
which is orange-yellow at pH <6.8, and turns pinkish-red at pH >8.1. Hence a
positive urea test is denoted by the change of media color from yellow to red.
Urease test distinguishes between Proteus vulgaris (positive) and E. coli and S.
marcescens (negative).

FERMENTATION

Respiration may be defined as an energy-yielding metabolic process in
which organic compounds serve as electron donors, and molecular oxygen is the
ultimate electron acceptor. Aerobes characteristically oxidize organic
substances, with carbon dioxide and water being the final end-products. This
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ability to utilize free oxygen is accomplished with a cytochrome enzyme system.

Organisms that are fermentative, however, utilize organic compounds for
energy, and produce oxidizable and reducible compounds as end-products. In
this case, organic compounds act as both electron donors and electron
acceptors. These end-products may be acids, aldehydes, alcohols, etc. Various
gases, such as carbon dioxide, hydrogen, and methane, also are produced.
Fermentation, then, is defined as energy-yielding reactions in which organic
substances serve as electron donors and acceptors. Fermentation does not
utilize a cytochrome system.

Sugars, particularly glucose, are the compounds most widely used by
fermenting organisms. Other substances such as organic acids, amino acids
and nucleotides can also be fermented by some bacteria. The end-products of a
particular fermentation are determined by the nature of the organism, the
characteristics of the substrate, and environmental conditions, such as
temperature and pH.

You will be using a medium supplemented with a fermentable sugar and
containing a pH indicator. A change in the color of the medium will indicate the
production of an acid as the end-product of fermentation. The test tube also
contains a small, inverted Durham tube that will capture gases, such as carbon
dioxide, that are produced during fermentation.

SIMMON’S CITRATE AGAR

Citrate is found in many fruits and vegetable, as well as, milk where a
large number of both Gram positive and Gram negative bacteria are able to
utilize it as a carbon and energy source. Citrate is transported into the cell by
citrate permease. The citrate is then cleaved into acetate and oxaloacetate by
citrate lyase. In organisms with a complete TCA cycle the oxaloacetate may feed
into the cycle. In anaerobic organisms, however, the oxaloacetate is
decarboxylated (a CO: is removed) to pyruvate where it maybe fermented into a
various end-products depending upon the pH of the local environment.
Simmon’s citrate agar contains the indicator dye bromothymol blue which will
change from green to blue under alkaline conditions (pH > 7). This color change
is indicative of microorganisms capable of using the citrate in the medium.

This lab exercise illustrates the metabolic diversity found in even a very
small number of bacteria. This is a multi-week project that requires that you
make use of previously acquired skills. This project will also form a significant
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part of your lab grade.

MATERIALS
Broth culture of unknown Oxidase reagent dropper
bacteria Wooden toothpick
Inoculating loop strip of filter paper
Bunsen burner Hydrogen peroxide
Nutrient agar plate microscope slide
Gram Stain reagents transfer pipette
SIM agar tube Phenol red broth + 1% glucose
MR/VP broth Phenol red broth + 1% lactose
Simmon’s Citrate agar plate Phenol red broth + 1% sucrose
Urea agar slant
PROCEDURE
1. Choose an unknown culture and record its number on the lab report sheet.
2. Using aseptic technique streak for isolation on a nutrient agar plate.
3. Incubate at 35°C until the next lab period.
4. Gram stain isolated colonies until you identify a Gram-negative isolate.

wn

®NOoO oA

Record the colony and cell morphology on the lab report sheet.

Aseptically transfer some of the Gram negative colony to 2 nutrient agar

plates. One plate will serve as source material for the following assays.
The other plate will serve as a backup archive should you lose or
contaminate your source plate. Don'’t forget to label your plates.

SIM AGAR:

. Use an inoculating needle to aseptically transfer your isolate to a SIM

tube. Stab to the bottom of the agar deep.
Look for a black precipitate and evidence of motility.
Add 0.5 ml of Kovac's reagent and look for a cherry red color.

MR/VP BROTH

Aseptically transfer some of your isolate to MR/VP media.
Incubate tubes at 35°C until the next class period.

Place half of the broth from in each tube into a separate clean test tube.

To one tube add 0.4 ml methyl red. Note the color.
To the second tube add 0.2 ml VP reagent. Gently shake the tube and
allow it to stand for 15-30 mins. Look for a pink color.
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SUGAR FERMENTATION

9. Use a transfer loop and aseptic technique to inoculate a fermentation tube
containing 1% glucose with your isolate.

10.Repeat the procedure with your isolate for a test tube of medium
containing 1% lactose and 1% sucrose.

11.Incubate the tubes at 37°C for 24 h and observe for acid production and

the presence of a gas. The gas will be trapped in the inverted Durham
tube.

UREASE ASSAY

12.Streak a urease agar slat with your culture using aseptic technique.
13.Incubate the tube at 35°C until the next class period

14.Note the presence or absence of a pink color.

SIMMONS CITRATE AGAR

15. Using aseptic technique streak for isolation on a Simmon’s citrate agar
plate.
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UNKNOWN IDENTIFICATION LAB REPORT

[.D. No.: LAB SECTION:

1. Culture number:
2. Describe the colony morphology (see p. 17, Fig 2.1):

3. Mark the bacterium positive (+) or negative (-) for the following traits:

Sulfide production

Indole production

Motile

Acid from Glucose

Acetoin production

Citrate use

Urease

4. Record whether the organism produces acid and gas via fermentation of the
three carbohydrates.

Carbohydrate Acid production Gas production

Glucose

Lactose

Sucrose

5. Use the key provided by the instructor to identify your bacterium. What was
your bacterium?

6. Explain why you believe that your bacterium is the species you indicated
above.
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KIRBY-BAUER ASSAY

APPROXIMATE DURATION: 172 HOURS

OBJECTIVES

After completing this exercise you should be able to:

1. Perform an antibiotic sensitivity assay.
2. Define what an antibiotic is.
INTRODUCTION

The Kirby-Bauer assay is a standardized assay used to determine the
susceptibility of bacteria to various antibiotics. The assay uses a filter paper disk
impregnated with an antibiotic that is placed on agar. The antibiotic diffuses from
the disk into the agar. The concentration of the antibiotic decreases as it diffuses
away from the disk. The solubility of the antibiotic and its molecular size will
determine the size of the area of infiltration around the disk. If an organism is
placed on the agar it will not grow in the area around the disk if it is susceptible to
the antibiotic. This area of no growth around the disk is known as a zone of
inhibition. At the point around disk where bacterial growth begins the antibiotic
as reached its minimum inhibitory concentration. Further away from the disk
the antibiotic concentration is too low to inhibit the grow of the bacteria.

Antibiotics are substances produced by living organisms, such as
Penicillium or Bacillus, that kill or inhibit the growth of other organisms, primarily
bacteria. Many antibiotics are chemically altered to reduce toxicity, increase
solubility, or give them some other desirable characteristic that they lack in their
natural form. Other substances have been developed from plants or dyes and
are used like antibiotics. A better term for these substances is antimicrobials, but
the term antibiotic is widely used to mean all types of antimicrobial
chemotherapy.

Many conditions can affect a disk diffusion susceptibility test. When
performing these tests certain things are held constant so only the size of the
zone of inhibition is variable. Conditions that must be constant from test to test
include the agar used, the amount of organism used, the concentration of
chemical used, and incubation conditions (time, temperature, and atmosphere).
The amount of organism used is standardized using a turbidity standard. This
may be a visual approximation using a McFarland standard 0.5 or turbidity may
be determined by using a spectrophotometer (optical density of 1.0 at 600 nm).
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Each test method has a prescribed media to be used and incubation is to be at
35-37°C in ambient air for 18-24 hours.

MATERIALS
2 Mueller-Hinton agar plates Forceps
Hockey stick Bunsen burner
E. coli culture Antibiotic disks
Staphylococcus culture
Alcohol
PROCEDURE
1. Place 0.1 ml of E. coli culture on the Mueller-Hinton plate using aseptic
technique.
2. Flame a hockey stick to remove the alcohol and spread the culture around the
plate.
3. Use alab pen to divide the back of the plate into sectors. Label the plate with
your name and date.
4. Sterilize the forceps by placing in alcohol. Flame the forceps to remove the
alcohol.
5. Place an antibiotic disks in one of the sectors on the plate.
6. Repeat steps 4 and 5 with another disk. Use a total of 3 discs for E. coli.
7. Invert the plate and incubate at RT until the next lab period.
8. Repeat steps 1 through 7 with Staphylococcus. Use only 2 discs for
Staphylococcus.
9. Determine the diameter of the zone of inhibition.

10. Use the following table to determine whether the bacteria were susceptible to

the antibiotics.
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Table 10.1 Zone of inhibition of commonly used antibiotics

Disk Diameter of zone of inhibition (mm)

Symbol Antibiotic Conc. Resistant Intermediate Susceptible

AM Ampicillin 10 mcg <11 12-13 =14
® Gram negatives

AM Ampicillin 10 mcg <20 21-28 =29
® Gram positives

B Bacitracin 10 units <8 9-12 =13

C Chloramphenic 30 mcg <12 13-17 =18

ol

CC Clindamycin 2 mcg <14 15-16 =17

E Erythromycin 15 mcg <13 14-17 =18

GM Gentamycin 10 mcg <12 - =13

K Kanamycin 30 mcg <13 14-17 =18

N Neomycin 30 mcg <12 13-16 =17

NB Novobiocin 30 mcg <17 18-21 =22

P Penicillin 10 units <20 - =21
® Staphylococcus

P Penicillin 10 units <11 12-21 =22
* other bacteria

S Streptomycin 10 mcg <11 12-14 >

T Tetracycline 30 mcg <14 15-18 =19

VA Vancomycin 30 mcg <9 10-11 =12
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KIRBY-BAUER LAB REPORT [.D. NoO.: LAB SECTION:
1. Define a zone of inhibition.
2. Record the size of the zone of inhibition (if any) in the table below and

indicate whether the bacteria were susceptible, resistant or intermediate (see
p. 65) in the susceptibility column.

Antibiotic Name zone dia. (mm) [Susceptibility

|E. coli
|E. coli
|E. coli
|E. coli
|E. coli
|E. coli
|E. coli
|E. coli
[E. coli
Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus
Staphylococcus

3. Among the antibiotics you tested which was the most effective against E. coli?
Which antibiotic was the most effective against Staphylococcus?

4. What is the major physiological difference between these two bacteria (Gram
positive and Gram negative or the Gram stain color is not a sufficient
answer)?
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ACQUIRED ANTIBIOTIC RESISTANCE

APPROXIMATE DURATION: 1 HOUR

OBJECTIVES

After completing this exercise you should be able to:

1. |dentify various types of media
2. Isolate a bacteria using aseptic techniques
INTRODUCTION

Antibiotics are naturally occurring or synthetic substances that inhibit the
growth of bacteria. They are prescribed as drugs by doctors for bacterial
infections. The development of antibiotics constitutes one of the most important
medical advancements in human history. However, it is estimated that today
approximately 1/3 of all antibiotics are prescribed unnecessarily (for viral
infections or very mild illnesses). The result of overuse of antibiotics can be the
outgrowth of organisms not affected by antibiotics (i.e. yeast in mouth or urinary
tract) as well as the development of bacteria with acquired resistance to one or
more of these drugs. As a result, more and more bacterial diseases, thought to
be easily cured, by antibiotic treatment, are becoming serious threats to public
health. Tuberculosis is one of the most serious at present.

One means by which bacteria may become resistant to an antibiotic is to
incur a mutation in the bacterial DNA. For example, bacteria make occasional
mistakes when copying their chromosome prior to dividing. Most of these
mutations are harmful or neutral, but some allow the bacteria to survive
treatment with antibiotics. Thus the bacteria with antibiotic resistant mutations
are selected for while those without the appropriate mutation are eliminated.
This process of mutation followed by selection is referred to as evolution.

Bacteria may also acquire antibiotic by by taking up a DNA molecule from
another bacterium which encodes resistances proteins. This
extrachromosomal DNA molecule is called a plasmid. Plasmids often carry
genes that allow bacteria to survive treatment with several related antibiotics

In resistant bacteria, the change in the chromosome DNA or genes
present in an acquired plasmid leads to synthesis of a protein that allows
survival in the presence of the antibiotic. For example, if the protein involved is a
membrane protein, the membrane may no longer allow the antibiotic to enter the
bacterium. Since the drug must enter the cell to inhibit growth, the bacteria can
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survive in the presence of the drug.

Our lab experiment today involves looking at the effect of one antibiotic on
the bacterium Seratia marcescens. You will compare growth on nutrient agar
with and without the antibiotic streptomycin. You will also attempt to select
streptomycin resistant bacteria from the population and test their growth on
streptomycin-containing plates (next week). These resistant organisms will have
a change (mutation) in their chromosomal DNA that allows them to be resistant.

MATERIALS
1 nutrient agar plate (NA) Pipette aid
2 nutrient agar plates containing Glass hockey stick

30 ug/ml streptomycin (NAS) Ethanol
1 S. marcescens culture 125 ml flask of nutrient broth
1 ml pipette Inoculating loop
PROCEDURE

WEEK 1

1. Label the plates appropriately.

2. Streak S. marecescens for isolation using aseptic technique on a NA
plate and a NAS plate.

3. Place the plate in at room temperature for 48 hours. Examine you
plates after 48 hours. You must have well isolated colonies on the NA
plate to continue the experiment. If you do not have well isolated
colonies you must repeat the isolation procedure.

WEEK 2

4. |noculate a 125 ml flask of nutrient broth with one of the isolated S.
marecescens colonies.
5. Place the flask on a shaker until the next lab session.

WEEK 3

6. Pipette 0.50 ml of the broth culture on each of the 4 NAS plates and 1
NA plate. Use one sterile pipette, keeping it sterile throughout the
procedure. Use a sterilized hockey stick and aseptic technique to
evenly spread the bacteria on the plate.

7. Allow the volume to soak into the plates (~2 minutes). Invert the plates
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and incubate at room temp till next lab period.

WEEK 4

8. Note the color, morphology and degree of growth on the NA and NAS
plates of the bacteria.

9. If you have growth of S. marcescens on one of the NAS plates transfer
a colony to new NAS and NA plates, streaking for isolation one each.

10.Invert the plates and incubate at room temp till next lab period.

WEEK 5

11.Note the color, morphology and degree of growth on the NA and NAS
plates of the bacteria.
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ANTIBIOTIC RESISTANCE LAB REPORT

[.D. No.: LAB SECTION:

1. What were your results for the NA and NAS plates done on week 1?7 How do
you interpret these results?

2. What were your results for the NA and NAS plates done on week 4?7 How do
you interpret these results? How did you confirm these results?

3. The original S. marcescens colony that you isolated was not resistant to the
antibiotic. However, after a large population developed in the flask some of
the individuals became resistant to the antibiotic. How did this happen?

4. What is this process called?

5. How do we know that the antibiotic did not cause this change?

6. Why are there so few antibiotic resistant colonies on week 4 when the
bacterial population in the flask is so large?
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BACTERIOPHAGE ISOLATION

APPROXIMATE DURATION: 12 HOURS

OBJECTIVES

After completing this exercise you should be able to:

1. Identify various types of media
2. Isolate a bacteria using aseptic techniques
INTRODUCTION

Bacteriophage are viruses
that infect bacteria (bacteriophage
means bacteria eater).
Bacteriophage that infect E. coli are
sometimes referred to coliphage.
Generally, bacteriophage are
referred to simply as phage. As is
true for all viruses, phage can
replicate only within host cells. In
other words, coliphage can replicate
only within E. coli. Phage must
attach to a receptor on the surface
of a bacterial cell in order to initiate
an infection. This interaction
between the phage and receptor is

very specific - a given phage type Figure 12.1. Bacteriophage plaques on a
only will bind to a specific receptor lawn of E. coli.
molecule.

Bacteriophage, like all virus, are dependent upon their host for replication.
The phage will hijack the cellular machinery for DNA replication and protein
synthesis. It will then use that machinery for its own replication. Some virus are
more efficient than others and will quickly lysis a large number of bacterial cells in
a “lawn” of bacteria. The clear area that is a result of the lysis in bacterial lawn is
referred to as a plaque (Fig. 12.1)

Bacteriophage have been isolated for you from the Minot sewage
treatment facility. The phage were separated from the bacteria by filtering
through a 0.2 mm filter. In toady’s lab you are going to determine the number of
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plaque-forming units in filtrate.

MATERIALS
4 4.5 ml trypticase soy broth (TSB) E. coli culture
4 nutrient agar plates (NA) Bacteriophage culture
4 tubes of 3 ml 0.7% soft trypticase 5 1ml pipettes
soy agar pipette aid

PROCEDURE

1. Label plates and tubes.

2. Serially dilute 0.5 ml of phage in 4.5 ml of TSB.

3. Add 0.1 ml of E.coli to each of the soft agar tubes. Mix by rolling between

oo

hands.

. Add 0.1 ml of phage dilution to the soft agar tube. Mix by rolling between

hands.

Pour the soft agar onto the NA plate and allow it to harden.

Turn plates upside down and incubate overnight at 37°C. Record results
during the next lab session.

|dentify the plate with 30-300 PFUs and count these.
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BACTERIOPHAGE LAB REPORT I.D. NO.: LAB SECTION:

1. What is a PFU and how does it differ from a CFU?

2. Record the number of PFUs for each plate in the table below. If you have
more than 300 PFUs on a plate record TMTC (too many to count). Record
the total dilution factor for each plate. Calculate the concentration of virus/ml
in the starting stock culture. If you recorded TMTC in one of the rows you do
not have to calculate the starting concentration.

[Plate No.  |PFU Total Dilution Factor (DF)  [Stock conc. (PFU x DF)

Al WO N~
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BLOOD TYPING

APPROXIMATE DURATION: %2 HOUR

OBJECTIVES

After completing this exercise you should be able to:

1. Identify your blood type
2. describe how antibodies bind antigens
INTRODUCTION

Agglutination reactions occur between high molecular weight antigens and
multivalent antibodies. Agglutination occurs when multiple antigens on the
surface of multiple cells are cross-linked. When this cross-linking of blood cells
occurs it is called hemagglutination.

Hemagglutination reactions are used to determine blood-type. The
presence of the carbohydrate antigens A and B are determined by specific
antibodies that are typically isolated from rabbits. When anti-A antibodies are
mixed with type A blood the blood will agglutinate, as will type AB blood, which
carries both antigens. Type O blood on the other hand lacks both the A and B
antigen and will not agglutinate.

The Rh blood typing scheme is similar in principle to the AB-typing
scheme. The Rh type is actually a number of several different antigens. The Rh
blood group refers to the “positive” (+) or “negative” (-) that is appended to the
AB-typing scheme.

MATERIALS

Microscope slide Alcohol wipe

Sharpie Sterile toothpicks

Anti-A, anti-B, anti-Rh antisera Sterile cotton ball & bandage
Sterile Lancet

PROCEDURE

Note: You are not required to draw your own blood. You may use the
artificial kit provided.

1. Towards the bottom of a microscope slide write A, B and Rh.
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. Clean the middle finger of your non-dominate hand with the alcohol wipe.

. Pierce the disinfected finger with the lancet. This is easiest if you squeeze
the finger and quickly pierce it.

. Place a drop of blood above each of the labels on the slide.

. Add a drop of anti-A antisera to the drop of blood above the A label and mix
with a sterile toothpick.

. Repeat with the other two antisera using a new toothpick each time.

. Examine the slide for agglutination.

. Answer the questions below.
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BLOOD TYPING LAB REPORT |.D. NO.: LAB SECTION:

Note: If you choose not to do this lab, please write “I chose not to do this
lab” on this sheet and turn it in.

1. What is your blood-type?
2. What is the blood-type of the person next to you?
3. Are your blood-types compatible? Explain.

4. A person with type O- blood is often referred to as a universal donor. Why?
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