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Microbiology Lab Practices and Safety Rules

1. Wash your hands with disinfectant soap when you arrive at the lab and again before you
leave.

2. Absolutely no food, drinks, chewing gum, or smoking is allowed in the laboratory. Do not
put anything in your mouth such as pencils, pens, labels, or fingers. Do not store food in
areas where microorganisms are stored.

3. Purchase a lab coat and safety glasses, bring them to class, and use them. Alternatively, a
long sleeved shirt that buttons or snaps closed is acceptable protective clothing. This
garment must cover your arms and be able to be removed without pulling it over your
head. Leave protective clothing in the lab and do not wear it to other non-lab areas.

4. Avoid loose fitting items of clothing. Wear appropriate shoes (sandals are not allowed) in
the laboratory.

5. Keep your workspace free of all unnecessary materials. Backpacks, purses, and coats
should be placed in the cubbyholes by the front door of the lab. Place needed items on the
floor near your feet, but not in the aisle.

6. Disinfect work areas before and after use with 70% ethanol or fresh 10% bleach.
Laboratory equipment and work surfaces should be decontaminated with an appropriate
disinfectant on a routine basis, and especially after spills, splashes, or other
contamination.

7. Label everything clearly.
8. Replace caps on reagents, solution bottles, and bacterial cultures. Do not open Petri dishes

in the lab unless absolutely necessary.
9. Inoculating loops and needles should be flame sterilized in a Bunsen burner before you

lay them down.
10. Turn off Bunsen burners when not is use. Long hair must be restrained if Bunsen burners

are in use.
11. When you flame sterilize with alcohol, be sure that you do not have any papers under

you.
12. Treat all microorganisms as potential pathogens. Use appropriate care and do not take

cultures out of the laboratory.
13. Wear disposable gloves when working with potentially infectious microbes or samples

(e.g., sewage). If you are working with a sample that may contain a pathogen, then be
extremely careful to use good bacteriological technique.

14. Sterilize equipment and materials.
15. Never pipette by mouth. Use a pipetting aid or adjustable volume pipettors. [In the distant

past, some lab personnel were taught to mouth pipette. This practice has been known to
result in many laboratory-acquired infections. With the availability of mechanical
pipetting devices, mouth pipetting is strictly prohibited.]

16. Consider everything a biohazard. Do not pour anything down the sink. Autoclave liquids
and broth cultures to sterilize them before discarding.

17. Dispose of all solid waste material in a biohazard bag and autoclave it before discarding
in the regular trash.

18. Familiarize yourself with the location of safety equipment in the lab (e.g., eye-wash
station, shower, sinks, fire extinguisher, biological safety cabinet, first aid kit, emergency
gas valve).

19. Dispose of broken glass in the broken glass container.
20. Dispose of razor blades, syringe needles, and sharp metal objects in the “sharps”

container.
21. Report spills and accidents immediately to your instructor. Clean small spills with care

(see instructions below). Seek help for large spills.
22. Report all injuries or accidents immediately to the instructor, no matter how small they

seem.
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PRACTICAL 1: MICROBIOLOGICAL APPARATUS AND
EQUIPMENTS

INTRODUCTION
Microbiology, as you may know by now, is a science dealing with study of structure,
functions and applications of microbes. To study different aspects of microbes,
microbiologists require certain equipments in the laboratory for isolation and culturing of
these microorganisms in pure form. These equipments can be classified as:
(a) Instruments required for sterilization:
- Autoclave
- Oven
- Membrane filter assembly.

(b) Instruments and Tools required for isolation, culturing and maintenance:
- Bunsen Burner or Spirit Lamp
- Water Bath
- Laminar Flow Safety Hood
- Incubators
- Refrigerators
- Inoculating loop or needle
- Magnetic Stirrer
- Vortex Mixture
- Balances
- Homogenizers`

(c) Instruments and tools required for microbial observations and assays:
- Microscope
- Centrifuge
- Spectrophotometer
- Quebec Colony Counter
- Camera Lucida
- Photo Micrographic Camera
- Dissecting Needles and Forcep
- Ocular and Stage Micrometer
- Burette Set Up
- Thermometer

(d) Glassware:
- Petri Dishes
- Conical Flasks
- Culture Tubes
- Beakers
- Funnels
- Graduated Cylinders
- Graduated Pipettes
- Dropper Bottle for staining reagents
- Glass Microscopic Slides
- Cover Slips
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(e) Miscellaneous items:
- Test Tube Rack
- Ingredients for Culture Media and other Chemicals
- Non-absorbent Cotton and

Gauze for Cotton Plugs
- Petri Dish and Pipette Cans
- Muslin Cloth
- Brown Paper and Rubber Bands
- Permanent Markers
- Rubber Bulb for Pipettes
- Blotting Paper, Lens Paper, etc.
- Distilled Water
- Discard Container
- Immersion Oil

1.1 INSTRUMENTS REQUIRED FOR STERILIZATION
The word sterilization is derived from the Latin word ‘Sterilic’ meaning unable to produce
offsprings. Sterilization, therefore, is a process of making an object free from all living
organisms either by destroying or removing them from the object. This control of
microorganisms is very important in microbiological research, preservation of food,
prevention of diseases and in various industries. Sterilization can be carried out either by
employing:

(a) Physical Agents, or
(b) Chemical Agents.

These agents being microbicidal (i.e. kill the microorganisms) or microbiostatic (i.e. inhibit
microbial growth) control the microorganisms by adversely damaging the essential cell
structure and functions. The mode of action of these agents varies. You would realize that
there are physical and chemical methods also to control microorganisms. Let us get to learn
about these methods, next.
1.1.1  Physical Methods to Control Microorganisms
The physical methods to control microorganisms involve heat, filtration or radiations.
Temperature influences microorganisms by altering their enzyme systems. Low temperature,
you may recall studying in the theory Course, inactivates the enzymes while high temperature
destroys them. Heat is commonly employed for controlling microorganisms. Both moist heat
and dry heat can be used for this purpose. Moist heat results in coagulation of proteins and
degrades nucleic acid and may even disrupt cell membrane. Moist heat has more penetrability
than dry heat and kills the cells more rapidly that too at a lower temperature. Microbes
exhibit difference in their resistance to moist heat. Generally, bacterial spores require
temperature above 100°C for destruction. Moist heat can either sterilize or disinfect the
object depending upon the temperature employed. Moist heat can be used either,
(1) at temperature 100°C (pasteurization-used to remove pathogens), (2) as free flowing
steam at 100°C (by boiling or tyndallisation) or (3) by saturated steam under pressure
(autoclaving).
Let us get to know about autoclaving, which uses moist heat method for sterilization.

1. Autoclave: For sterilization, steam under pressure is generally employed using an
instrument called autoclave. Figure illustrates the autoclave. Autoclave was developed by
Chamberland in 1884. As you may have noticed in Figure, autoclave is a double walled
cylindrical metal vessel made of stainless steel or copper. Autoclave lid is provided with the
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pressure gauze for monitoring the pressure, exhaust valve to remove the air and safety valve
to avoid explosion during operation. The articles are kept loosely in the autoclave chamber
and then water is boiled and steam is released into the autoclave’s chamber. The exhaust
valve is kept open till the air present in the chamber is out. The exhaust valve is then closed
and pressure of the steam in the chamber is allowed to reach to the desired value. The
temperature of the steam inside the chamber depends on the pressure in autoclave. Relation
of autoclave pressure with the temperature of steam is presented in the Table.
Table : Relation of Autoclave pressure with the temperature of steam

Pressure  (Pounds/square
inch-psi)

Temperature (°C) Time (minutes)

0 100 -
5 108 > 20

10 115 20
15 121 15
20 126 10
30 134 3

More the pressure, higher is the temperature and less is the time used for autoclaving.
Generally, pressure of 15 pounds with temperature at 121°C is employed for 15-20 minutes
for autoclaving.
Saturated steam heats an object about 2500 times more efficiently than dry heat at the same
temperature. Steam condenses on the cooler surface of the object and transfer its heat energy
to the object and sterilize it. Autoclave can be used for sterilizing culture media, scalpel and
other heat resistance instruments, glasswares, etc. but not for oils, powders and plastics.
Where autoclave is not available, pressure cooker can be used. It works on the same principle
as of autoclave.

Note: Following points should be kept in mind while working with autoclave.

1. Autoclave should not be packed tightly otherwise steam won’t be able to come in
contact with every object in the autoclave.

2. The air initially present in autoclave chamber should be removed before closing
exhaust valve, otherwise temperature won’t reach to 121°C though the pressure
would be 15 pounds.

3. For larger sample of liquid, autoclave time should be increased so that centre of the
liquid should reach to 121°C.
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4. After autoclaving, steam should be released slowly otherwise liquid media would
come out.

Besides autoclave, hot air ovens are also used for sterilization. Let us get to know about
hot air ovens.

2. Hot Air Oven :
Hot air oven sterilizes the object by hot dry air. It kills the microorganisms by oxidizing
cellular constituents. Dry Heat is less effective in killing microorganisms than moist heat.
Higher temperature for a longer time period is used with dry air because it-
(i) has less penetration power, and
(ii) removes moisture from microorganisms and thus interferes with coagulation of microbial

proteins.
Hot air oven can be used at different temperatures. Operating time depends on the
temperatures used as highlighted in Table

Temperature ( ºC) Time (Hours)
140 3

150 2½
160 2
170 1

You would realize that the most commonly used temperature is 160°C for 2 hours. We are all
familiar with hot air ovens. Hot air oven contains an insulated cabinet kept at constant
temperature by electric heating mechanism and thermostat. Look at Figure, which illustrates
the hot air oven. Air keeps on circulating within the cabinet through a fan. For proper
circulation of hot air, the shelves are perforated. An oven is used to sterilize glassware,
corrodeable metal instruments, powder, oil etc. which can tolerate prolonged heat exposure
but get spoiled by moist heat. However, it is not suitable for heat sensitive materials, like
plastic and rubber items.
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1.2 INSTRUMENTS NEEDED FOR ISOLATION, CULTIVATION AND
MAINTENANCE OF MICROBES
A wide variety of instruments are available for isolation,
cultivation and maintenance of microbes. These are illustrated
and described in this section. We begin with bunsen burner.
1. Bunsen Burner - It is a type of gas burner that gives very hot
flame by allowing air to enter at the base and mix with the gas. It
is used –

(a) for sterilizing inoculating loop/needle/forcep etc.
(b) for sterilizing mouth of the flask, test tubes and other

glass apparatus.
(c) at the time of culturing or transferring the

microorganisms to avoid contamination.
Here the sterilization is done with dry heat. If bunsen burner is
not available, spirit lamp can be used.

2. Laminar Flow Hood (biological safety cabinet) - Look at the Figure. It illustrates the
laminar flow hood. As you can see, this biological safety cabinet contains HEPA (high
efficiency particulate air) filters which remove, 99.97% of the particles having size more than
0.3 μm. Air is forced through these HEPA filters and a vertical column of sterilize air gets
formed across the cabinet opening. It prevents the contamination of room and the workers
from microorganisms. The cabinet also has UV light, which is switched on about 15-20
minutes earlier before and after the work is finished to make the working surface sterile.
Laminar flow hood is employed in the research labs and in industries, for conducting assays,
preparing media and culturing microbes.

Note : (i) Never switch on the UV light while working in the laminar chamber.
(ii) Air flow should be on, at the time of working in the chamber.
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3. Incubator - The growth of the microorganisms is altered by the chemical and physical
nature of its surrounding. Most important environmental features altering microbial growth
are pH, water activity, oxygen level and temperature. Each microorganism has specific
requirement of temperature for its growth. The cardinal temperatures, i.e., minimum,
optimum and maximum growth temperatures, varies greatly with the type of microorganisms.
Therefore, for cultivation of microorganisms, prime requirement is to provide the optimum
temperature for growth. This can be achieved by using incubators and shaking water bath.

An incubator is an insulated cabinet fitted with heating
element at the bottom. It has perforated shelves and is
provided with double door. Inner door is of glass to
view the content of incubator. Like an oven, most of
the incubators use dry heat for temperature control.
Moist environment can be provided by keeping a
beaker of water inside the cabinet. Incubator is used
for culturing the organism at its optimum temperature.
Here temperature can be adjusted according to
organism’s requirement and then maintained at a
desired level thermostatically.

Shaking water baths as illustrated in the Figure can
also be used for microbe’s cultivation. Here also
temperature is maintained thermostatically. However,
it can be used only for liquid culture. The advantages
of using shaking water baths are:(a) Uniform and rapid transfer of heat to the culture can be
obtained, and (b) Enhanced aeration is possible because of agitation.

4. Magnetic Stirrer - It can be used for mixing
ingredients at the time of media or reagents preparation.
Mixing happens with spinning of a teflon coated
magnetic bar inside the container under a magnetic field
created by magnetic stirrer. illustrates the magnetic
stirrer.

5. Vortex Mixture - It is also used to mix the reagents
during microbiological assay by vortex effect.
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6. Quebec Colony Counter – It is used for counting
the number of colonies in a plate. Culture plate is kept
on the screen which is illuminated from beneath.
Counting is done by using a magnifying glass
(magnification1.5X) above the plate as shown in
Figure. Counting can also be done manually.

7. Centrifuge – Centrifuge is used for separating the substance in
liquid or concentrating the microorganisms on the basis of size or
mass under centrifugal force (noted as rpm). Depending upon the
speed limit, centrifuges may be –

(a) Low Speed (Maximum Speed 5000 rpm)
(b) High Speed (18000 rpm)
(c) Ultra Centrifuges (20000 to 60000 rpm)

The centrifuge consists of a head or rotor (of various sizes), which hold the tubes containing
the material to be separated. The rotor is revolved by an upright motor. After completion of
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9. Refrigerator – Refrigerator is a basic requirement in microbiological laboratory. It is used
for maintaining microbial cultures, keeping media to prevent dehydration, for storing
thermolabile solutions, antibiotics, serum and biochemical agents.

10. Spectrophotometer or Colorimeter – These can be used to measure the microbial growth
or can be used in various microbial and biochemical assays.

Spectrophotometer measures either the amount of light transmitted (% transmission) or the
amount of light absorbed (A) by a sample. Here monochromatic light (beam of light at a
single wavelength) is passed through a liquid sample. Depending upon the cells suspended in
the culture, light is scattered. The scattering of light is directly proportional to the cell mass or
indirectly to the cell number.

More the number of cells, more would be
scattering of light. The unscattered light is
measured by a photoelectric cell and is
recorded as 0% to 100% transmission (T).
However, in practice, cell density is
represented in form of optical density or
absorbance because it is directly proportional
to the cell concentration while transmission
is inversely related to cell density.
Population growth can be easily measured
spectrophotometrically as long as the population is high enough to give detectable turbidity.
At very high concentration of cells, light scattered by one cell may be rescattered by another
cell and it may appear as unscattered. This results in the loss of linearity between cell number
and turbidity at very high cell concentration. Commonly used wavelengths for bacterial
turbidity measurements are 540 nm (green), 600 (orange) or 660 nm (red). Estimation of cell
number is based on turbidity measurement. Turbidity increases as the cell number increases.
The discussion so far focussed on the study of the apparatus/equipments required for the
sterilization, isolation or cultivation of microbes. Next, we will review, the tools we would
need for inoculating and culturing microorganisms in the laboratory.

No. Question
1 Write down Principle of Autoclave.
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2 Explain relation between pressure and temperature in autoclave

3 Application of Spectrophotometer.

4 Explain: Operation of pH mater

5 Application of Bunsen burner
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6 Define sterilization and methods of sterilization.
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PRACTICAL 2: MICROSCOPE-PARTS, PRINCIPLES OF
MICROSCOPY, RESOLVING POWER AND NUMERICAL APERTURE

Historians credit the invention of the compound microscope to the Dutch spectacle maker,
Zacharias Janssen, around the year 1590. The compound microscope uses lenses and light to
enlarge the image and is also called an optical or light microscope (versus an electron
microscope). The simplest optical microscope is the magnifying glass and is good to about
ten times (10x) magnification. The compound microscope has two systems of lenses for
greater magnification, 1) the ocular, or eyepiece lens that one looks into and 2) the objective
lens, or the lens closest to the object. Before purchasing or using a microscope, it is important
to know the functions of each part.

Eyepiece Lens: the lens at the top of the microscope that you look through. They eyepiece is
usually 10x or 15x power.

Tube: Connects the eyepiece to the objective lenses.

Arm: Supports the tube and connects it to the base of the microscope.

Base: The bottom of the microscope, used for support.

Illuminator: A steady light source (110v) used in place of a mirror. If your microscope has a
mirror, it is used to reflect light from an external light source up through the bottom of the
stage.

Stage: The flat platform where you place your slides. Stage clips hold the slides in place. If
your microscope has a mechanical stage, you will be able to move the slide around by turning
two knobs. One moves it left and right, the other moves it forward and back.

Removing Nosepiece or Turret: This is the part of the microscope that holds two or more
objective lenses and can be rotated to easily change power (magnification).

Objective Lenses: Usually you will find 3 or 4 objective lenses on a microscope. They
almost always consist of 4x, 10x, 40x and 100x powers. When coupled with a 10x (most
common) eyepiece lens, we get total magnification of 40x (4x times 10x), 100x, 400x, and
1000x. To have good resolution at 1000x, you will need a relatively sophisticated microscope
with an Abbe condenser. The shortest lens is the lowest power, the longest one is the lens
with the greatest power. Lenses are color coded and if built to DIN standards are
interchangeable between microscopes. The high power objective lenses are retractable (ie
40xr). This means that if they hit a slide, the end of the lens will push in (spring loaded)
thereby protecting the lens and the slide. All quality microscopes have achromatic,
parcentered, parfocal lenses.

Rack Stop: This is an adjustment that determines how close the objective lens can get to the
slide. It is set at the factory and keeps students from cranking the high power objective lens
down into the slide and breaking things. You would only need to adjust this if you were using
very thin slides and you weren't able to focus on the specimen at high power. (Tip: If you are
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using thin slides and can't focus, rather than adjust the rack stop, place a clear glass slide
under the original slide to raise it a bit higher).

Condenser Lens: The purpose of the condenser lens is to focus the light onto the specimen.
Condenser lenses are most useful at the highest powers (400x and above). Microscopes with
a stage condenser lens render a sharper image than those with no lens (at 400x). If your
microscope has a maximum power of 400x, you will get the maximum benefit by using a
condenser lenses rated at 0.65 NA or greater. 0.65 NA condenser lenses may be mounted in
the stage and work quite well. A big advantage to a stage mounted lens is that there is one
less focusing item to deal with. If you go to 1000x then you should have a focusable
condenser lens with an N.A. of 1.25 or greater. Most 1000x microscopes use 1.25 Abbe
condenser lens systems. The Abbe condenser lens can be moved up and down. It is set very
close to the slide at 1000x and moved further away at the lower powers.

Diaphragm or Iris: Many microscopes have a rotating disk under the stage. This diaphragm
has different sized holes and is used to vary the intensity and size of the cone of light that is
projected upward into the slide. There is no set rule regarding which setting to use for a
particular power. Rather, the setting is a function of the transparency of the specimen, the
degree of contrast you desire and the particular objective lens in use.
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Magnification is the factor by which an image appears to be enlarged. It will be a whole
number greater than 1 and is usually followed by an “x”, as in 10x magnification.

When you look through microscope eyepieces, you are seeing a virtual image because in
reality, what you are looking at is not as large as it appears through the eyepieces, and
because there can be some distortion of the image.

Resolution is the shortest distance between two points that can still be visually distinguished
as separate. The resolution of a typical unaided human eye is about 200 µm. Using a
microscope decreases the resolution to distances as short as 0.2 µm. Resolution is a property
of the eye.

Resolving power is the ability of a lens to show two adjacent objects as discrete. Resolving
power is a property of a lens.

Each lens in a microscope has a numerical aperture, or NA, value. This has to do with the
angles of light that enter and exit a lens. Its applications are beyond the scope of this lab, but
numerical aperture does influence the resolution possible with a particular lens, and so the
NA value for the lens is usually printed on each objective. It will be a number less than 1.0,
and you can ignore it for our purposes.

Each lens in a microscope also has a magnifying factor. This is the degree to which that lens
magnifies an image. It will be a number larger than 1.0. For instance a 10x objective
magnifies the image ten-fold. The magnifying factor for each objective always printed on it,
and the magnifying factor for each eyepiece is usually printed on it. (If the eyepiece is
missing a printed magnifying factor, you can usually assume it is 10x.)

The total magnification for any image viewed under a compound microscope is calculated by
using the formula:

Total Magnification = eyepiece magnifying factor * objective magnifying factor

So, each time you switch objectives, you change the total magnification. Total magnification
does not have units, but is usually indicated by an “x”, as in “total magnification = 100x.”

How to Use a Microscope

A microscope is a high quality instrument and should last 25-30 years if treated properly and
with care. Following these simple instructions will not only help you care for your
microscope and keep it in good working condition, but will also help you get the most out of
your microscope.

1. When moving your microscope, always carry it with both hands (Figure 1, at left).
Grasp the arm with one hand and place the other hand under the base for support.

2. Turn the revolving nosepiece so that the lowest power objective lens is "clicked" into
position (This is also the shortest objective lens).
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3. Your microscope slide should be prepared by placing a coverslip or cover glass over
the specimen. This will help protect the objective lenses if they touch the slide. Place
the microscope slide on the stage and fasten it with the stage clips. You can push
down on the back end of the stage clip to open it.

4. Look at the objective lens and the stage from the side (Figure 2, at right) and turn the
coarse focus knob so that the objective lens moves downward (or the stage, if it
moves, goes upward). Move it as far as it will go without touching the slide!

5. Now, look through the eyepiece and adjust the illuminator (or mirror) and diaphragm
(Figure 3,at left) for the greatest amount of light.

6. Slowly turn the coarse adjustment so that the objective lens goes up (away from the
slide). Continue until the image comes into focus. Use the fine adjustment, if
available, for fine focusing. If you have a microscope with a moving stage, then turn
the coarse knob so the stage moves downward or away from the objective lens.

7. Move the microscope slide around so that the image is in the center of the field of
view and readjust the mirror, illuminator or diaphragm for the clearest image.

8. Now, you should be able to change to the next objective lens with only minimal use
of the focusing adjustment. Use the fine adjustment, if available. If you cannot focus
on your specimen, repeat steps 4 through 7 with the higher power objective lens in
place. Do not allow the objective lens to touch the slide!

9. The proper way to use a monocular microscope is to look through the eyepiece with
one eye and keep the other eye open (this helps avoid eye strain). If you have to close
one eye when looking into the microscope, it's ok. Remember, everything is upside
down and backwards. When you move the slide to the right, the image goes to the
left!

10. Do not touch the glass part of the lenses with your fingers. Use only special lens paper
to clean the lenses.

11. When finished, raise the tube (or lower the stage), click the low power lens into
position and remove the slide.

12. Always keep your microscope covered when not in use. Dust is the number one
enemy!
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No. Question
1 Explain various parts of microscope

2 What is magnification?

3 Explain Resolving power and numerical aperture.

4 Explain operation of microscope.
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5 Draw labelled diagram of Microscope
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PRACTICAL 3: METHODS OF STERILIZATION

Introduction: Sterilization can be defined as any process that effectively kills or eliminates
transmissible agents (such as fungi, bacteria, viruses and prions) from a surface, equipment,
foods, medications, or biological culture medium. In practice sterility is achieved by exposure
of the object to be sterilized to chemical or physical agent for a specified time. Various agents
used as steriliants are: elevated temperature, ionizing radiation, chemical liquids or gases etc.
The success of the process depends upon the choice of the method adopted for sterilization.

Methods of Sterilization The various methods of sterilization are:

1. Physical Method a. Thermal (Heat) methods b. Radiation method c. Filtration method

2. Chemical Method a. Gaseous method

1. Heat Sterilization: Heat sterilization is the most widely used and reliable method of
sterilization, involving destruction of enzymes and other essential cell constituents. The
process is more effective in hydrated state where under conditions of high humidity,
hydrolysis and denaturation occur, thus lower heat input is required. Under dry state,
oxidative changes take place, and higher heat input is required. This method of sterilization
can be applied only to the thermostable products, but it can be used for moisture-sensitive
materials for which dry heat (160-1800 °C) sterilization, and for moisture resistant materials
for which moist heat (121-134 °C) sterilization is used. The efficiency with which heat is able
to inactivate microorganisms is dependent upon the degree of heat, the exposure time and the
presence of water. The action of heat will be due to induction of lethal chemical events
mediated through the action of water and oxygen. In the presence of water much lower
temperature time exposures are required to kill microbe than in the absence of water. In this
processes both dry and moist heat are used for sterilization.

a. Dry Heat Sterilization:

Examples of Dry heat sterilization are:

1. Incineration 2. Red heat 3. Flaming 4. Hot air oven

It employs higher temperatures in the range of 160-1800 C and requires exposures time up to
2 hours, depending upon the temperature employed. The benefit of dry heat includes good
penetrability and non-corrosive nature which makes it applicable for sterilizing glasswares
and metal surgical instruments. It is also used for sterilizing non-aqueous thermostable liquids
and thermostable powders. Dry heat destroys bacterial endotoxins (or pyrogens) which are
difficult to eliminate by other means and this property makes it applicable for sterilizing glass
bottles which are to be filled aseptically

Hot-air oven Dry heat sterilization is usually carried out in a hot air oven.

b. Moist Heat Sterilization: Moist heat may be used in three forms to achieve microbial
inactivation 1. Dry saturated steam – Autoclaving 2. Boiling water/ steam at atmospheric
pressure 3. Hot water below boiling point Moist heat sterilization involves the use of steam in
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the range of 121-134 °C. Steam under pressure is used to generate high temperature needed
for sterilization. Saturated steam (steam in thermal equilibrium with water from which it is
derived) acts as an effective sterilizing agent. Steam for sterilization can be either wet
saturated steam (containing entrained water droplets) or dry saturated steam (no entrained
water droplets). Autoclaves use pressurized steam to destroy microorganisms, and are the
most dependable systems available for the decontamination of laboratory waste and the
sterilization of laboratory glassware, media, and reagents. For efficient heat transfer, steam
must flush the air out of the autoclave chamber. Before using the autoclave, check the drain
screen at the bottom of the chamber and clean if blocked. If the sieve is blocked with debris, a
layer of air may form at the bottom of the autoclave, preventing efficient operation.
Autoclaves should be tested periodically with biological indicators like cultures of Bacillus
stearothermophilus to ensure proper function. This method of sterilization works well for
many metal and glass items but is not acceptable for rubber, plastics, and equipment that
would be damaged by high temperatures.

Gaseous Sterilization The chemically reactive gases such as formaldehyde,
(methanol,CH2HO ) and ethylene oxide (CH2)2O possess biocidal activity. Ethylene oxide is
a colorless, odorless, and flammable gas. The mechanism of antimicrobial action of the two
gases is assumed to be through alkylations of sulphydryl, amino, hydroxyl and carboxyl
groups on proteins and amino groups of nucleic acids. The concentration ranges (weight of
gas per unit chamber volume) are usually in range of 800- 1200 mg/L for ethylene oxide and
15-100 mg/L for formaldehyde with operating temperatures of 45-63°C and 70-75°C
respectively. Both of these gases being alkylating agents are potentially mutagenic and
carcinogenic. They also produce acute toxicity including irritation of the skin, conjunctiva
and nasal mucosa.

a. Ethylene oxide sterilizer: An ethylene oxide sterilizer consists of a chamber of 100-300-
Litre capacity and surrounded by a water jacket. Air is removed from sterilizer by evacuation,
humidification and conditioning of the load is done by passing sub-atmospheric pressure
steam, then evacuation is done again and preheated vaporized ethylene oxide is passed. After
treatment, the gases are evacuated either directly to the outside atmosphere or through a
special exhaust system. Ethylene oxide gas has been used widely to process heat-sensitive
devices, but the aeration times needed at the end of the cycle to eliminate the gas made this
method slow.

b. Low temperature steam formaldehyde (LTSF) sterilizer: An LTSF sterilizer operates
with sub atmospheric pressure steam. At first, air is removed by evacuation and steam is
admitted to the chamber.

Liquid Sterilization

a. Peracetic Acid liquid sterilization: Peracetic acid was found to be sporicidal at low
concentrations. It was also found to be water soluble, and left no residue after rinsing. It was
also shown to have no harmful health or environmental effects. It disrupts bonds in proteins
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and enzymes and may also interfere with cell membrane transportation through the rupture of
cell walls and may oxidize essential enzymes and impair vital biochemical pathways.

b. Hydrogen Peroxide Sterilization: This method disperses a hydrogen peroxide solution in
a vacuum chamber, creating a plasma cloud. This agent sterilizes by oxidizing key cellular
components, which inactivates the microorganisms. The plasma cloud exists only while the
energy source is turned on. When the energy source is turned off, water vapor and oxygen are
formed, resulting in no toxic residues and harmful emissions. The temperature of this
sterilization method is maintained in the 40-50°C range, which makes it particularly well-
suited for use with heat-sensitive and moisture-sensitive medical devices. The instruments are
wrapped prior to sterilization, and can either be stored or used immediately.

Radiation Sterilization Many types of radiation are used for sterilization like
electromagnetic radiation (e.g. gamma rays and UV light), particulate radiation (e.g.
accelerated electrons).The major target for these radiation is microbial DNA. Gamma rays
and electrons cause ionization and free radical production while UV light causes excitation.
Radiation sterilization with high energy gamma rays or accelerated electrons has proven to be
a useful method for the industrial sterilization of heat sensitive products. But some
undesirable changes occur in irradiated products, an example is aqueous solution where
radiolysis of water occurs. Radiation sterilization is generally applied to articles in the dry
state; including surgical instruments, sutures, prostheses, unit dose ointments, plastic syringes
and dry pharmaceutical products.

UV light, with its much lower energy, and poor penetrability finds uses in the sterilization of
air, for surface sterilization of aseptic work areas, for treatment of manufacturing grade water,
but is not suitable for sterilization of pharmaceutical dosage forms.

a. Gamma ray Sterilizer: Gamma rays for sterilization are usually derived from cobalt-
60 source, the isotope is held as pellets packed in metal rods, each rod carefully
arranged within the source and containing 20 KCi of activity. This source is housed
within a reinforced concrete building with 2 m thick walls. Articles being sterilized
are passed through the irradiation chamber on a conveyor belt and move around the
raised source.

b. Ultraviolet Irradiation: The optimum wavelength for UV sterilization is 260 nm. A
mercury lamp giving peak emission at 254 nm is the suitable source of UV light in
this region.

Filtration Sterilization Filtration process does not destroy but removes the microorganisms.
It is used for both the clarification and sterilization of liquids and gases as it is capable of
preventing the passage of both viable and non viable particles. The major mechanisms of
filtration are sieving, adsorption and trapping within the matrix of the filter material.
Sterilizing grade filters are used in the treatment of heat sensitive injections and ophthalmic
solutions, biological products and air and other gases for supply to aseptic areas. They are
also used in industry as part of the venting systems on fermentors, centrifuges, autoclaves and
freeze driers. Membrane filters are used for sterility testing.
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Application of filtration for sterilization of gases: HEPA (High efficiency particulate air)
filters can remove up to 99.97% of particles >0.3 micrometer in diameter. Air is first passed
through prefilters to remove larger particles and then passed through HEPA filters. The
performance of HEPA filter is monitored by pressure differential and airflow rate
measurements.

No. Question
1 Define sterilization. Explain methods of sterilization.

2 Write a short note on dry heat sterilization.

3 Explain method of gaseous sterilization.

4 What is radiation sterilization? Explain it.
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5 Explain filtration sterilization.
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PRACTICAL:4 NUTRITIONAL MEDIA AND THEIR PREPARATION

The culture media (nutrients) consist of chemicals which support the growth of culture or
microorganisms. Microbes can use the nutrients of culture media as their food is necessary
for cultivating them in vitro.

Types of Culture Media:

The first medium prepared was meat-infusion broth. As most pathogenic microbes require
complex food similar in composition to the fluids of the animal body, it was Robert Koch and
his colleagues who used meat infusion and meat extracts as basic ingredients in their culture
media for the isolation of pathogenic microbes, while one of his assistant named Petri
designed and developed glass dishes, known today as Petri dishes, are used in
microbiological work.

On the basis of chemical composition, the culture media are classified into two types:

(i) Synthetic or chemically defined medium:

These media are prepared by mixing all the pure chemicals of known composition for e.g.
Czapek Dox medium.

(ii) Semi-synthetic or undefined medium:

Such are those media, where exact chemical composition is unknown e.g. potato dextrose
agar or MacConkey agar medium.

On the basis of consistency, the culture media are of three types:

(a) Solid medium or synthetic medium:

When 5-7% agar agar or 10-20% gelatin is added the liquid broth becomes solidified. Such
media are used for making agar slants or slopes and agar stab.

(b) Liquid medium or broth:

In such cases no agar is added or used while preparing the medium. After inoculation and
later incubation, the growth of cells becomes visible in the form of small mass on the top of
the broth.

(c) Semi-solid or floppy agar medium:

Such media are prepared by adding half quantity of agar (1/2 than required for solid medium)
i.e. about 0.5% in the medium. This type of medium may be selective which promote the
growth of one organism and retards the growth of the other organism. On the other hand,
there are differential media which serve to differentiate organisms growing together.
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Preparation of Medium:

The liquid medium or broth is prepared by dissolving the known amounts of chemicals in
distilled water; the pH is adjusted by adding N/10 HCl or 1N NaOH. The liquid medium is
dissolved into either Erlenmeyer flasks or rimless clean test tubes.

In 15 ml capacity of test tube, 5 ml medium should be poured while in flask of 250 ml
capacity, the amount of the medium should be 100 ml. These are then plugged with non-
adsorbent cotton plugs. The plugged tubes or flasks should be wrapped by brown paper and
placed for sterilization by autoclaving at a pressure of 15 lbs/inch2 (at temperature 121°C),
for 15 min.

The heat sensitive substances (protein or enzymes etc.) should be sterilized by using
membrane filters (millipore). The agar agar is to be dissolved separately and dispensed after
dissolving all ingredients of the medium. It is first to be noted that all the glassware in use
should be sterilized in oven at 170°C for 3 h before using them. Such sterilized glassware is
needed for pouring the medium used for culturing the microorganisms.

Each and every biological process requires energy for their vital activities. The basic cell
building requirements are supplied by the nutrition, which is manipulated according to its
requirement. Nutrition not only provides energy but also acts as precursors for growth of
microorganisms.

The nutritional requirement of an organism depends upon the biochemical capacity. If an
organism is capable of synthesizing its own food using various inorganic components,
requires a simple nutritional diet whereas organism unable to meet such synthesis requires
complex organic substances.

Composition of N-agar

Beef Extract……………………..…………..3.0 g
Peptone……..…………………….…………5.0 g
Agar………………………………………….15.0 g
Distilled Water………………………………….……1000 ml
Final pH 6.8 +/- 0.2.
Composition of Nutrient Broth: Nutrient broth contains same ingredients except agar.

Preparation of culture media

1. Dissolve the dehydrated medium in the appropriate volume of distilled water i.e., 23
gm dehydrated nutrient agar in 1000 ml distilled water.

2. Heat with frequent agitation and boil for 1 minute to completely dissolve the powder

3. Sterilized the medium by autoclaving (121°C for 15 min)
4. Dispense the medium in to tubes or plates. Left the agar medium to solidify and store.

5. Determine the pH of the medium (pH 6.8 +/- 0.2) with a pH meter and adjust if
necessary.
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No. Question
1 Composition of N-agar

2 Explain types of media

3 Explain preparation of culture media.

4 Define culture media
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PRACTICAL: 5 ENUMERATION OF MICROBIAL POPULATION IN
SOIL – BACTERIA, FUNGI, ACTINOMYCETES

I. OBJECTIVES

• To learn the different techniques used to count the number of microorganisms in a sample.

• To be able to differentiate between different enumeration techniques and learn when each
should be used.

• To have more practice in serial dilutions and calculations.

II. INTRODUCTION For unicellular microorganisms, such as bacteria, the reproduction of
the cell reproduces the entire organism. Therefore, microbial growth is essentially
synonymous with microbial reproduction. To determine rates of microbial growth and death,
it is necessary to enumerate microorganisms, that is, to determine their numbers. It is also
often essential to determine the number of microorganisms in a given sample. For example,
the ability to determine the safety of many foods and drugs depends on knowing the levels of
microorganisms in those products. A variety of methods has been developed for the
enumeration of microbes. These methods measure cell numbers, cell mass, or cell
constituents that are proportional to cell number. The four general approaches used for
estimating the sizes of microbial populations are direct and indirect counts of cells and direct
and indirect measurements of microbial biomass. Each method will be described in more
detail below.

1. Direct Count of Cells Cells are counted directly under the microscope or by an electronic
particle counter. Two of the most common procedures used in microbiology are discussed
below.

Direct Count Using a Counting Chamber: Direct microscopic counts are performed by
spreading a measured volume of sample over a known area of a slide, counting representative
microscopic fields, and relating the averages back to the appropriate volume-area factors.
Specially constructed counting chambers, such as the Petroff-Hauser and Levy counting
chambers, simplify the direct counting procedure because they are made with depressions in
which a known volume overlies an area that is ruled into squares. The ability to count a
defined area and convert the numbers observed directly to volume makes the direct
enumeration procedure relatively easy. Direct counting procedures are rapid but have the
disadvantage that they do not discriminate between living and dead cells. This method is used
to assess the sanitation level of a food product and in performing blood cell counts in
hematology. The differential white blood cell count, which is used as an indication of the
nature of a microbial infection, involves direct counting of blood cells that have been stained
to differentiate different types of white blood cells.

Direct Count Using a Counting Chamber

1. Clean a counting chamber with methanol and lens paper and then place it on the
microscope stage.
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2. Using the 4X objective find the ruled area on one side of the chamber and note the size and
arrangements of larger squares and their small square subdivisions.

3. Shake the yeast suspension to distribute the cells evenly. Take out the counting chamber
without changing the focus on the 4X objective. Place a coverslip over the calibrated surface
of the counting chamber.

4. Using a transfer pipette, transfer some of the yeast suspension to the groove of the counting
chamber to fill the chamber by capillary action.

5. Carefully place the counting chamber back onto the microscopic stage and observe the
cells under 4X. You may need to reduce the amount of light by closing the diaphragm of the
condenser to be able see the cells

6. Switch to the high-dry objective (40 X) and count the number of yeast cells in at least 50 of
the small squares. If cells fall on a line, include in your count those on the top and left-hand
lines and exclude those on the bottom and right-hand lines. (If the yeast cells are too dense to
count, dilute your sample and start again.)

7. Calculate the average number of yeast cells per small square. Then calculate the number of
yeasts per ml by dividing the average number of yeasts per small square by the volume of
each small square which is 0.00025 µl. If you diluted the sample you must also multiply your
results by the dilution factor to determine the concentration of yeast cells in the original
sample. Record your calculations and results.

2. Indirect Count of Cells Microorganisms in a sample are diluted or concentrated and
grown on a suitable medium; the development of growing microorganisms (for example,
colony formation on agar plates) is then used to estimate the numbers of microorganisms in
the original sample.

Viable Count The most common procedure for the enumeration of bacteria is the viable plate
count. In this method, serial dilutions of a sample containing viable microorganisms are
plated onto a suitable growth medium. The suspension is either spread onto the surface of
agar plates (spread plate method), or is mixed with molten agar, poured into plates, and
allowed to solidify (pour plate method). The plates are then incubated under conditions that
permit microbial reproduction so that colonies develop that can be seen without the aid of a
microscope. It is assumed that each bacterial colony arises from an individual cell that has
undergone cell division. Therefore, by counting the number of colonies and accounting for
the dilution factor, the number of bacteria in the original sample can be determined.

There are several drawbacks to the viable count method. The major disadvantage is that it is
selective and therefore biased. The nature of the growth conditions, including the
composition and pH of the medium used as well as the conditions such as temperature,
determines which bacteria in a mixed population can grow. Since there is no universal set of
conditions that permits the growth of all microorganisms, it is impossible to enumerate all
microorganisms by viable plating. This same disadvantage, however, becomes advantageous
when one is interested in only a specific microbial population.
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For example, we can design selective procedures for the enumeration of coliforms and other
physiologically defined microbial groups. The viable count is an estimate of the number of
cells. Because some organisms exist as pairs or groups and because mixing and shaking of
the sample does not always separate all the cells, we actually get a count of the "colony
forming units". One cell or group of cells will produce one colony, therefore when we record
results for a viable count, it is customary to record the results as colony forming units per ml
(cfu/ml) or per gram (cfu/g) of test material.

Because we generally have no idea of how many bacteria are in a sample, it is almost always
necessary to prepare a dilution series to ensure that we obtain a dilution containing a
reasonable number of bacteria to count. Dilutions in the range 10-1 (1/10) to 10-8

(1/100,000,000) are generally used, although with particular types of samples the range of
dilutions can be restricted. For example, for water that is not turbid, the maximal dilution
needed is 10-6 because we know that if there were 107 or more bacteria per milliliter, the
water would be turbid.

Viable Plate Count

1. Label four 9.9 ml saline tubes 10-2, 10-4, 10-6, and 10-8, respectively. Label six BHI plates
10-4 to 10-9.

2. Vortex the unknown sample to ensure an even distribution of bacteria. Aseptically remove
0.1 ml of sample with a sterile pipette and transfer it to the 10-2 dilution tube (see diagram).

3. Vortex the 10-2 tube and transfer 0.1 ml to the 10-4 tube.

4. Again vortex the 10-4 dilution tube and transfer 0.1 ml to the 10-6 tube. Vortex this last
tube well.

5. Vortex the 10-6 tube, transfer 0.1 ml to 10-8 tube and vortex again.

6. Using a new sterile pipette, aseptically transfer 1.0 ml from the 10-4 dilution tube to the
plate labeled 10-4 and 0.1 ml to the plate labeled 10-5. Spread the inoculum on the surface of
the agar in each plate using an alcohol-dipped, flamed, metal spreader. Dip the spreader into
the alcohol jar and quickly take it through the flame and let the alcohol burn off after each
spreading. Do not allow the spreader to get too hot. Never hold the spreader in the flame for
more than a second.

7. Repeat the above to transfer 1.0 and 0.1 ml from the 10-6 dilution tube to the 10-6 and 10-7

plates, respectively. In the same manner establish the 10-8 and 10-9 plates. Do not discard your
dilution tubes.

8. Allow the surface of the agar to dry before you move or invert the plates. Incubate the
plates at 37°C for 2 days.
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No. Question
1 What is the objective of enumeration of microbial population?

2 Explain method of direct counting by counting chamber.

3 Explain enumeration by viable count.
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4 Difference between direct count and viable count
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PRACTICAL:6  METHODS OF ISOLATION AND PURIFICATION OF
MICROBIAL CULTURE

Isolation of Microorganisms:
Microorganisms occur in natural environment like soil. They are mixed with several other
forms of life. Many microbes are pathogenic. They cause a number of diseases with a variety
of symptoms, depending on how they interact with the patient. The isolation and growth of
suspected microbe in pure culture is essential for the identification and control the infectious
agent.
The primary culture from natural source will normally be a mixed culture containing
microbes of different kinds. But in laboratory, the various species may be isolated from one
another. A culture which contains just one species of microorganism is called a pure culture.
The process of obtaining a pure culture by separating one species of microbe from a mixture
of other species, is known as isolation of the organisms.

Methods of Isolation:
There are special techniques employed to obtain pure cultures of microorganisms. In few
cases it is possible to secure pure culture by direct isolation or direct transfer. This can be
done only in those situations in which pure culture occurs naturally. Kinds of specimens
taken for culturing will depend on the nature and habitat of microbes.
Different pathogens can be isolated from body tissues and fluids such as blood, urine,
sputum, pus, faces, spinal fluid, bile, pleural fluids, stomach fluids etc. In the blood stream of
a patient suffering with typhoid fever, the bacteria Salmonella typhosa may be present.
A pure culture of this bacterium may be obtained by drawing blood sample using a sterilized
hypodermic syringe and treating the blood with anticoagulant such as heparin and potassium
oxalate. The presence of the anticoagulant prevents the pathogenic microbe from entrapping
in fibrin clot. The sample of the blood may be inoculated into a suitable medium.

Following isolation methods are employed to isolate microbes from mixed
cultures:

1. Streaking

2. Plating

3. Dilution

4. Enriched procedure, and

5. Single cell technique.

1. Streaking:
This is most widely used method of isolation. The technique consists of pouring a suitable

sterile medium into sterile petriplate and allowing the medium to solidify. By means of a

sterile loope or straight needle or a sterile bent glass-rod a small amount of growth preferably

from a broth culture or bacterial suspension is streaked back and forth across the surface of

agar until about one third of the diameter of the plate has been covered.
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The needle is then flamed and streaking in done at right angles to and across the first streak.

This serves to drag bacteria out in a long line from the initial streak. When this streaking is

completed the needle is again flamed and streaking is done at right angles to the second

streak and parallel to the first.

2. Plating:

It includes diluting of a mixture of microorganisms until only a few hundred bacteria are left
in each millilitre of the suspension. A very small amount of the dilution is then placed in a
sterile petriplateby means of a sterile loop or pipette. The melted agar medium is cooled to
about 45°C and is poured into plate. The microorganism and agar are well mixed. When the
agar is solidified the individual bacterium will be held in place and will grow to a visible
colony.

3. Dilution:

This method is used for the microorganisms which cannot be easily isolated by streaking or

plating method. Sometimes when several organisms are present in a mixture, with one

organism predominating, the predominating form may be isolated by this method. For

example, when raw milk is allowed to sour at room temperature it will, at the time of curding,

have a mixture of microorganisms with high percentage of Streptococcus lactis.

If 1 ml of the sour milk is taken into a tube containing 9 ml. of sterile milk (in which no

organisms are present) then 1 ml. of this mixture is transferred with a sterile pipette into a

second tube of sterile milk and the procedure is repeated i.e. from second to third tube, third

to fourth tube until a series of about 10 tubes are inoculated. By this serial dilution, the

chances are that a pure culture of S. lactis will be obtained.

4. Enrichment Procedure:

This procedure involves the use of media and conditions of cultivation which favour the

growth of the desired species. For example, when a man suffers with typhoid, the intestinal

discharge posses small number of Salmonella typhosa when compared with E. coli and other

forms.

It is almost impossible to isolate the typhoid organisms because they represent only a fraction

of a per cent of the total microorganisms present. The media are therefore derived, which

allow the rapid growth of the desired organisms, at the same time inhibiting the growth of

other microorganisms.
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No. Question
1 Define isolation. Explain method of isolation.

2 Draw the labelled diagram direct streaking and sector method.
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PRACTICAL: 7 ISOLATION OF RHIZOBIUM FROM LEGUME ROOT
NODULES

PRINCIPLE :

Rhizobium is known to survive a soil and in roots of legumes as well as non leguminous
plants. Bacteria depends on root exudates which stimulate the growth of rhizobial cells.
Rhizobium secretes extracellular polysaccharides which helps to find soil particles.

REQUIREMENTS:

Legume plant roots, sterile distilled water, pipettes, testtubes, YEMA plates, 70% ethanol,
0.1% mercurous chloride solution.

PROCEDURE:

Collection of Root Nodules:

Leguminous plants are carefully uprooted and the rootsystem is washed under running water
to remove the adhesive soil particles. The colour of the nodules varies from brown to pink.
Depending on the state of pigment present in them. For experiment healthy unbroken pink
nodules are selected.

Surface Sterilisation of Leguminous Root Nodules:

The nodules must be surface sterilised by the sterilising agent and sterilising agent must be
washed of from the nodules before they are used for isolation. The sterilising agent used us
0.1 % mercuric chloride or 3-5% hydrogen peroxids. The nodules are immersed in sterilising
agents for 4-5 mints and are washed repeatedly with sterile distilled water. Then they are
washed in 70% ethylalcohol followed by washing with sterile distilled water.

Isolation of Rhizobium by Serial Dilution Method:

Nodules are washed in a small aliquot of sterile distilled water with the help of a glass rod.
YEMA plates are prepared and sterilised by autoclave. 10 fold serial dilution of nodular
extract is prepared by taking 1gm of nodular extract into 10 ml of sterile distilled water and
mixed well to get nodular extract suspension. 1ml of nodular extract suspension is diluted
with 9ml of sterile distilled water making the dilution to 10 to the power of -2 similarly
making the dilution upto 10 to the power of -8 are made separately for each nodular extract.
Suspension 0.1ml of nodular extract suspension from 10 to the power of -3 to -8 dilutions are
inoculated into sterile YEMA plates. The sample is spread throughout the YEMA plates and
inoculates petriplates are incubated for 4-7 days in an incubator at 37 degree celcius.

Observation:

Rhizobium colonies are observed as large mucoid elevated colonies.
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No Question
1 Define nitrogen fixation.

2 Write down requirement for isolation of Rhizobium.

3 Give example of various species of Rhizobium.

4 Write a procedure for isolation of Rhizobium
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PRACTICAL: 8 ISOLATION OF AZOTOBACTER FROM SOIL.

PRINCIPLE :

Soil is the natural habitat of different microorganisms. The quality and quantity of microbes
depends upon the physiochemical characteristics of soil profile.

According to Alexander, the values of viable plate count in the fertile soil have been reported
as 10 to the power of 8 to 10 bacteria, 10 to the power of 6 to 8 Actinomycetes and 10 power
4–6 fungal spores/gm of dry soil. Plate count enumeration is based on selection of a particular
class of organisms through the presence or absence of specific nutrients (or) inhibitors placed
in the nutrient medium.

REQUIREMENTS:

Soil sample, sterile distilled water, sterile pipettes, sterile petriplates, Ashaby’s medium.

PROCEDURE:

Ashbay’s medium is prepared and sterilised in an autoclave. About 15-20 ml of Ashbay’s
medium is poured into each sterile petriplate under asceptic conditions and allowed to
solidify. 10 fold serial dilution of the soil smaple is prepared by taking 1 gm of soil sample
into 10 ml of sterile distilled water and mixed well to get soil suspension. 1ml of a soil
suspension is diluted with 9ml of sterile distilled water asceptically to get 10 power -1
dilution. Further 1ml of suspension from 10 power -1 dilution is attained aseptically
transferred to 9ml of sterile distilled water making the dilution 10 power -2. Similarly higher
serial dilutions upto 10 power -8 are made separately for each soil sampel. 0.1 ml of soil
suspension from 10 power -3 to 10 power -8 are inoculated into sterile nutrient medium
plates. The samples are spread uniformly, throughout the petriplates and then inoculated
petriplates are incubated at 37 degree celcius fro 24 hrs for the isolation of bacteria.
Duplicates are also maintinaed fro each dilution.

OBSERVATION:

Large raised mucoid colonies were observed.

No Question
1 Give composition Ashbay’s medium.

2 Write down requirement for isolation of Azotobacter.
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3 Give example of various species of Azotobacter.

4 Write a procedure for isolation of Azotobacter



Agricultural Microbiology1.1

College of Agriculture, Navsari Agricultural University, Bharuch Page 41

PRACTICAL: 9 STAINING AND MICROSCOPIC EXAMINATION OF
MICROBES

A. Simple Stain

Introduction:
Stains attach to something because of charge differences between the object and the stain.
Different stains can appear as a different color because they contain different chromophore
groups, which vary in the wavelength of light they absorb. In general there are two main stain
types. Positively charged stains have a positive chromophore. The second type, negatively
charged stains, has a chromophore that carries a negative charge. Positively charged stains
are excellent in binding negatively charged structures such as bacterial cell walls and, if they
can enter the cell, many macromolecular structures such as DNA and proteins.
Cationic (basic) stains have a positive charge associated with them while anionic (acidic)
stains carry a negative charge. Examples of cationic stains include crystal violet, safranin,
basic fuschin, & methylene blue. Examples of anionic stains include eosin, nigrosin, & congo
red. Acid dyes are often used to stain the slide background, which leaves the microbe
transparent. Thus, in the field of view the microbe will appear as clear dots against an opaque
background. Stains require a short exposure time to their target followed by a brief, light
rinse with deionized (DI) water. This removes any excess stain and allows better viewing of
the cells that carry the stain.

Materials:

 Safranin & crystal violet
 Overnight bacterial cultures of S. aureus & B. megaterium

 Glass slide
 Nichrome loop

Preparation of a smear and heat fixing

1. Using a sterilized inoculating loop, transfer loopful of liquid suspension containing
bacteria to a slide (clean grease free microscopic slide) or transfer an isolated colony
from a culture plate to a slide with a water drop.

2. Disperse the bacteria on the loop in the drop of water on the slide and spread the drop
over an area the size of a dime. It should be a thin, even smear.

3. Allow the smear to dry thoroughly.

4. Heat-fix the smear cautiously by passing the underside of the slide through the burner
flame two or three times. It fixes the cell in the slide. Do not overheat the slide as it will
distort the bacterial cells.

Staining

1. Cover the smear with methylene blue and allow the dye to remain in the smear for
approximately one minute (Staining time is not critical here; somewhere between 30
seconds to 2 minutes should give you an acceptable stain, the longer you leave the dye
in it, the darker will be the stain).
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2. Using distilled water wash bottle, gently wash off the excess methylene blue from the
slide by directing a gentle stream of water over the surface of the slide.

3. Wash off any stain that got on the bottom of the slide as well.

4. Saturate the smear again but this time with Iodine. Iodine will set the stain

5. Wash of any excess iodine with gently running tap water. Rinse thoroughly. (You may
not get mention about step 4 and 5 in some text books)

6. Wipe the back of the slide and blot the stained surface with bibulous paper or with a
paper towel.

7. Place the stained smear on the microscope stage smear side up and focus the smear
using the 10X objective.

8. Choose an area of the smear in which the cells are well spread in a monolayer. Center
the area to be studied, apply immersion oil directly to the smear, and focus the smear
under oil with the 100X objective.

B. Gram Staining

Introduction

The Gram staining method is named after Hans Christian Gram, the Danish bacteriologist
who originally devised it in 1844, and is one of the most important staining techniques in
microbiology. It is almost always the first test performed for the identification of bacteria.
The primary stain of this method is Crystal Violet, which can be sometimes substituted with
equally effective Methylene Blue. The microorganisms that retain the crystal violet-iodine
complex appear purple brown under microscopic examination. Stained microorganisms are
classified as gram positive, while the unstained are classified as gram negative. While there is
a wide range of staining methods available, the procedures for those are similar to that of
Gram’s stain. By using appropriate dyes, different parts of the cell structure such as capsules,
flagella, granules or spores can be stained. Staining techniques visualize components that are
too difficult to see under an ordinary light microscope either because of lack of color contrast
between background and object being examined or because of the limited power of the light
microscope. In addition, these techniques are useful in the detection or absence of cell
components. This simple differentiation technique ranks among the most important
diagnostic tools in biological science.

Gram’s Method uses retained crystal violet dye during solvent treatment to amplify the
difference in the microbial cell wall. The cell walls for gram-positive microorganisms have a
higher lipid content than gram-negative cells. First, crystal violet ions penetrate the cell wall
of both types of cells. Then, iodine is added to form a complex that makes the dye difficult to
remove, in a step referred to as “fixing” the dye. Following iodine, the cells are treated with
decolorizer, a mixture of ethanol and acetone, which dissolves the lipid layer from the
gramnegative cells, and dehydrating the thicker gram-positive cell wall. As a result, the stain
leaches from gram-negative cells and is sealed in gram-positive cells. With expedient
removal of the decolorizer, cells will remain stained. The addition of a safranin counterstain
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to dye the gramnegative cells with a pink color for easier observation under a microscope.
Thus, gram-positive cells will be stained purple and gram-negative cells will be stained pink.

Materials

Crystal Violet, Potassium Iodide, Ethanol, 95% Acetone Ammonium oxalate Iodine
Sodium bicarbonate Safranin O Bunsen Burner Microscope Slide Cloth pin dH2O

Method

1. Add about 5 drops of crystal violet stain over the fixed culture. Let stand for 60
seconds. Note that a clothes pin is used to hold the slide during the staining procedure
to avoid staining one’s hand.

2. Pour off the stain and gently rinse the excess stain with a stream of dH2O. Note: The
objective of this step is to wash off the stain, not the fixed culture.

3. Add about 5 drops of the iodine solution on the smear, enough to cover the fixed
culture. Let stand for 30 seconds.

4. Pour off the iodine solution and rinse the slides with running water. Shake off excess
water from the surface.

5. Add a few drops of decolorizer so the solution trickles down the slide. Rinse it off
with water after 5 seconds. Stop when the solvent is no longer colored as it flows over
the slide.

6. Counterstain with 5 drops of the Safranin solution for 20 seconds.
7. Wash off the red Safranin solution with water. Blot with bibulous paper to remove

any excess water. Alternatively, the slide may be shaken to remove most of the water
and air-dried.

8. Liberally wash off any spilled stain immediately with water to avoid leaving
permanent marks on the sink, lab bench or glassware.

9. Examine the finished slide under a microscope.

C. Negative Staining
The main purpose of Negative staining is to study the morphological shape, size and
arrangement of the bacteria cells that is difficult to stain. eg: Spirilla. It can also be used to
stain cells that are too delicate to be heat-fixed.
It is also used to prepare biological samples for electron microscopy. It is used to view
viruses, bacteria, bacterial flagella, biological membrane structures and proteins or protein
aggregates, which all have a low electron-scattering power. It is also used for the study and
identification of aqueous lipid aggregates like lamellar liposomes (le), inverted spherical
micelles (M) and inverted hexagonal HII cylindrical (H) phases by Negative staining
transmission electron microscopy.

Principle of Negative Staining

Negative staining requires an acidic dye such as India Ink or Nigrosin.
India Ink or Nigrosin is an acidic stain. This means that the stain readily gives up a
hydrogen ion (proton) and the chromophore of the dye becomes negatively charged. Since the
surface of most bacterial cells is negatively charged, the cell surface repels the stain. The
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glass of the slide will stain, but the bacterial cells will not. The bacteria will show up as clear
spots against a dark background.
Reagents of Negative Staining

India ink
Nigrosin
Procedure of Negative Staining

1. Place a very small drop (more than a loop full, less than a free falling drop from the
dropper) of nigrosinnear one end of a well-cleaned and flamed slide.

2. Remove a small amount of the culture from the slant with an inoculating loop and
disperse it in the drop of stain without spreading the drop.

3. Use another clean slide to spread the drop of stain containing the organism using the
following technique.

4. Rest one end of the clean slide on the center of the slide with the stain. Tilt the clean
slide toward the drop forming an acute angle and draw that slide toward the drop until
it touches the drop and causes it to spread along the edge of the spreader slide.
Maintaining a small acute angle between the slides, push the spreader slide toward the
clean end of the slide being stained dragging the drop behind the spreader slide and
producing a broad, even, thin smear.

5. Allow the smear to dry without heating.

6. Focus a thin area under oil immersion and observe the unstained cells surrounded by
the gray stain.

No. Question
1 Define staining

2 What is chromophore and auxochrome group?

3 Explain principle of monochrome staining.
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4 Explain principle of Negative staining.

5 Explain principle of Gram staining.

6 Give example of anionic and cationic dye.

7 Give preparation of smear and heat fixing
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8 Explain procedure of Gram staining

9 Write a short note on procedure of negative staining.


