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PART ONE



Introduction

Microscope

Principles:

The bright field light microscope an instrument that magnifies using two lens
systems. Initial magnification occurs in-the objective lens. Most microscopes have at

least-three objective lenses on a rotating base, and each lens may be rotated into

alignment with the eyepiece or ocular lens in which the final magnification occurs. The
objective lenses are identified as thelowpowerhigh dry and oil immersion objectives.

Each objective is also designated by other terms. These terms give either the linear

magnification or the focal length. The latter is about equal to or greater than the
working distance between the specimen when in focus and the tip of the objective lens.
For example, the low-power objective is also called the lox or 16-mm objective; the
high-dry is called the 40x or 4-mm objective; and the oil immersion is called the 90x,
lOOx or 1.8-mm objective. As the magnification increases, the size of the lens at the tip
of the objective becomes progressively smaller and admits less light. This is one of the
reasons that changes in position of the instage condenser and iris diaphragm are
required when using different objectives if the specimens viewed are to be seen distinctly.
The condenser concentrates the light on a small area above the stage, and the iris
diaphragm controls the amount of light that enters the condenser. When the oil immersion
lens is used, immersion oil fills the space between the objective and the object. Because
immersion oil has the same refractive index as glass, the loss of light is minimized. The
eyepiece ocular at the top of the tube magnifies the image formed by the objective lens.
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As a result, the total magnification seen by the observer is obtained by multiplying the
magnification of the objective lens by the magnification of the-ocular or eyepiece. For
example, when using the lOx ocular and the 43x objective, total magnification is 10 x 43
= 430times, The ability to discern objects that are very close together is called resolving

power. The resolving power of a microscope depends on the physical properties and

quality of the lenses of the instrument.

Proper use of the microscope:

1. Always carrythe microscope with two hands. Place it on the desk with the open part

away from you.

2. Place the glass slide to be viewed on the stage of the microscope and secure it firmly
using stage clips. Move the slide until the stained area is over the opening in the

stage.

3. With the low power objective in position, lower the tube until the tip of the objective
is within 5 mm of the slide. Be sure that you lower the tube while looking at the

microscope from the side.

4. Look into the microscope and slowly raise the tube by turning the coarse-adjustment
knob counterclockwise until the object comes into view. Then use the fine adjustment

knob to focus the desired image.

5. Open and close the diaphragm, and lower and raise the condenser, noting what effect
these actions have on the appearance of the object being viewed.

2
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6. To use oil immersion, first locate the stained area with the low power objective, place

a drop ofinimersion oil over the stained area of the slide and then turn the oil
immersion lens into the oil and focus with the fine adjustment.

7. After you are finished with the microscope,-place the low-power objective in line
with the ocular, lower the tube to its lowest position, clean the oil from the oil
immersion lens, cover and return the microscope to it proper storage place.
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Fig 1.1: External view of a light microscope
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Aseptic Techniques

It is very important to follow strict aseptic techniques in the laboratory as it will help

in the prevention of infection and also avoid cross contamination of the cultures.

Rules:to follow:

1. Flame your inoculating loops and needles until they are red hot and then cool them
before transferring anything to avoid killing the bacteria.Resteriizebefr and after

eachtransfer.

2. Flame the mouths of the glass test tubes, flasks etc upon opening and closing them.
3. When using a steriledisposable pipette, only open the package when you are ready to

use it. When using a sterile glass pipette, take it out of the canister only when you are
xeady to use it.

4. Dip your forceps into alcohol, and then pass it through the flame holding the forceps

horizontaL Allow the alcohol to burn off. If you hold the forceps tip down while

passing it through the flame, you run the risk of running flaming alcohol onto your
hand.

5



Colony Morphology

Various bacteria form different kinds of colonies on agar plates. Recognizing these
differences in colony morphologies is useful for distinguishing between the-different

species in a mixed culture. Once the different colonies are identified, cells from these
colonies can be used to obtain pure cultures.

When a single bacterial cell is depositedonan agar surface, which contains the
nutrients required for its growth, it begins to divide. One cell divides into two, two into
four, four make eight and so on. Eventually a mass of cells will be visible to the naked
eye as a discrete entity where the original was deposited. This is called a colony. There
are a variety of bacterial forms and characteristics. The basic categories include colony
shape, margin, elevation, color and texture.

Isolated pure colonies can be obtained by the streak plate technique. In this the
bacterial mixture is transferred to the edge of an agar plate with an inoculating loop and
then streaked out over the surface in one of several patterns. At some point on the streaks,
individual cells will be removed from the loop as it 'is rubbed along the agar surface and
will give rise to separate colonies. The key principle of this method is that by streaking, a
dilution gradient is established on the surface of the plate as cells are deposited on the
agar surface. Because of this gradient, confluent growth occurs on part of the plate where
the cells are not sufficiently separated and individual well-isolated colonies develop in
other regions of the plate where few enough cells are deposited to form separate colonies
that can be seen with the naked eye. Cells from the new colony can then be picked up

6



with an inoculating needle and transferred to an agar slant or other suitable media for the
maintenance of the pure culture.

Materials:

Nutrient broth cultures of different strains of bacteria.

.Nutrient agar plates.

Wax pencil.

Inoculating loop.

Bunsen burner.

Procedure:

1. With a wax pencil mark on the bottom of the plate the name of the bacterium to be
inoculated, your name and date.

2. Aseptically remove a loopful of the bacterial mixture.

3. Streak out the loopful of bacteria on the agar plate as follows:

- Spread the loopful of bacteria with about 30 strokes at one edge of the plate. This is
accomplished by letting the loop rest gently on the surface of the agar and then
moving it across the surface each time without digging into the agar. It is okay for the
strokes in this quadrant to run over each other.

-Remove the inoculating loop and kill any remaining bacteria on the loop by flaming
it and cool the loop at the edge of the agar near area one. Make the streaks in area
two starting across from area one.

7
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-Remove the loop, flame it and cool it in the agar as before and make 4-5 streaks in

area three starting from across area two. Make sure these streaks do not run over each

other.

- Repeat this sequence once more to make a set of streaks on area four making sure

they do not run over each other

- Repeat this procedure for each of the different strains of bacteria provided.

Incubate the plates at 25 -30C for 24-48 hours in an inverted position. Afterwards,

examine each of the agar plates and record your results.

Fig 1.2: Streaking Technique

Fig 1.3: Bacterial Colony Morphology
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Smear Preparation

A bacterial smear is a dried preparation of bacterial cells on a glass slide. In a

bacterial smear that has been properly processed, the bacteria are evenly spread out on

the slide in such a concentration that they are adequately separated from one another, the
bacteria are not washed off the slide during staining and the bacterial form is not

distorted. In making a smear, bacteria from either a broth culture or an agar slant or plate

may be used. One of the most common errors in smear preparation is the use of too large
an inoculum. This will result in large aggregates of bacteria piled on top of one other. It is
important to remember that a good bacterial smear is the key to a good stain.

Materials:

Bacterial cultures.

Microscope slides.

Inoculating loop.

Bunsen burner.

Wax pencil.

Procedure:

1. With the wax pencil mark the name of the bacterial culture in the far left corner of

each slide.

2. Flame the inoculating loop and let it cool

3. If the medium is liquid, place one or two loops of the medium directly on the slide
and spread the bacteria over a large area. If a slant or agar plate is used, a small
amount of bacterial growth is transferred to a drop of water on a glass slide and

9



10

mixed, and the mixture is spread out evenly over a large area on the slide. (In a good

preparation the thickness of the smear will equal the diameter of a single cell).

4. Allow the slide to air dry at room temperature.

5. After the smear is dry, the next step is to attach the bacteria to the slide by heat fixing

so that the cells do not get washed away during staining procedures. This is

accomplished by gentle heating, i.e., passing the slide several tomes through the hot

portion of the flame of a Bunsen burner. Most bacteria can be fixed to the slide and

killed in this way without serious distortion of cell structure.
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Fig 1.4: Procedure for making a bacterial smear
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Hanging Drop Experiment

Aim:

Most bacterial microscopic preparations kill the organisms. The hanging drop slide

technique allows observation of living cells to determinemotility and cell size,

arrangement and shape. It can also be used to differentiate motile bacteria from nonmotile

bacteria.

Motility in bacteria involves several mechanisms. Bacteria with flagella exhibit

flagellar motion. Helically shaped bacteria (spirochetes) have axial filaments and move in

corkscrew type movements. Other bacteria simply glide over the moist surfaces in a form

of gliding motion.

If the technique is done todetermine the motility, the observer must be careful to

distinguish between true motility and Brownian motion due to collision with water

molecules. In Brownian movement cells will appear to vibrate in place. With true

motility, cells will exhibit independent movement over greater distances.

Materials:

Bacterial cultures of motile and nonmotile bacteria

Depressed glass slide

Cover slip

Petroleum jelly

Inoculating loop

Microscope

Lens paper



Immersion oil

Toothpicks

Procedure:

1. A thin layer of petroleum jelly is applied to the four edges on one side of a cover slip

with a toothpick or around the concavity of the depression slide.

2. Place a drop of broth containing microorganisms in the center of the cover slip with

the help of a sterilized inoculating loop.

3. Lower the depression microscope slide with the concavity facing down onto the cover
slip so that the drop protrudes into the center of the concavity of the slide and is

undisturbed. Press gently to form a seal.

4. Invert the whole slide so that the cover glass is on the top and place on the stage of
the microscope so that the light is over the light hole.

5. Examine the drop by first locating its edge under low power objective and focusing

on the drop. Switch to high dry objective and then using immersion oil to the 90-100x
objective. Since most bacteria are drawn the edge of the drop due to surface tension,
focus near the edge of the drop. In order to see the bacteria clearly, close the
diaphragm as much as possible for increased contrast.

The idea behind using petroleum jelly on the four edges of the slide is that it causes
the cover glass to stick to the slide so that the preparation can be picked up and inverted
without any loss of material. It also forms an airtight seal that prevents drying of the drop
owing a longer period for observation of cell size, shape, binary fission and motility.

13
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Fig 1.5: Preparation of a hanging drop slide
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Staining Procedures

Gram Stain

Aim:

Simple staining depends on the fact that bacteria differ chemically from their

surroundings and thus can be stained to contrast with their environment. Bacteria also
differ from one another chemically and physically, and may react differently to a given
staining procedure. This is the principle of differential staining. Differential staining can
distinguish between types of bacteria.

The Gram stain is the most useful and widely employed differential stain in
bacteriology. It divides bacteria into two groups - Gram negative and Gram positive.

The first step in the procedure involves staining with the basic dye crystal violet.
This is the primary stain. It is followed by treatment with a mordant - Gram's iodine
solution which increases the interaction between the bacterial cell and the dye so that the
dye is more tightly bound and the cell is more strongly stained. The smear is then
decolorized by washing with 95% ethanol - when this is done Gram positive bacteria
retain the crystal violet-iodine complex while the Gram negative bacteria lose their
crystal violet-iodine complex and become colorless. Finally, the smear is stained with a
basic dye, which is different in color from the primary dye. Usually saffranin is used and
the Gram negative bacteria will take up the color of saffranin. The end result is that the
Gram positive bacteria are deep purple in color and the Gram negative bacteria are

pinkish in color.
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The Gram stain does not always yield clear results. Species will differ from one

other in regard to the ease with which the crystal violet-iodine complex is removed by

ethanol Gram positive cultures may often turn gram negative if they get too old. So it is

best to stain young vigorous cultures. Furthermore, some bacterial species are Gram

variable - some cells in the same culture will be Gram negative and some cells will be

Gram positive. Therefore, the Gram stain should be done on several cultures under

carefully controlled conditions to make certain that a given culture is Gram negative or

Gram positive.

Materials:

Bacterial cultures

Crystal violet solution

Gram's iodine

95% ethanol

Saffranin

Glass slides

Cover slips

Inoculating loop

Bunsen burner

Blotting paper

Microscope

Lens paper

Immersion oil
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Procedure:

1. Prepare a heat fixed smear.

2. Flood the smear with crystal violet and let it stand for 1 minute.

3. Rinse with distilled water.

4. Cover with Gram's iodine for 1 minute and let it stand for 1 minute.

5. Decolorize with 95% ethanol (5-10 seconds).

6. Rinse with distilled water.

7. Counter stain with saffranin for 1 minute.

8. Rinse with distilled water.

9. Blot dry and examine under oil immersion.



Acid Fast Staining (Ziehl-Neelsen)

Aim:

Acid fast staining is a special staining technique used to stain a few species of

bacteria in the genera Mycobacterium and Nocardia, and the parasite Cryptosporidium

which do not readily stain with simple stains. These microorganisms can be stained by
heating them with carbolfuchsin. Once they take up the carbolfuchsin they cannot be
easily decolorized with acid-alcohol and hence the term acid-fast which occurs as a result
of the high lipid content in the cell wall of these organisms. As acid fast microorganisms
retain carbolfuchsin, they appear red. Microorganisms that are not acid fast will appear
blue due counter staining with methylene blue after they have been decolorized with

acid-alcohol.

Materials:

Broth culture of Mycobacterium smegmatis

Carbolfuschin solution

Alkaline methylene blue

Acid-alcohol

Cover slips

Glass slides

Inoculating loop

Tripod stand

Bunsen burner

Blotting paper

18



Paper towels

Lens paper

Immersion oil

Procedure:

1. Prepare a smear of Mycobacterim smegmatis.

2. Air dry and heat fix the smear.

3. Place the slide on top of a beaker of boiling water. Cover the smear with a small piece
of paper towel. Flood the smear with carbolfuschin. Heat for 5 minutes. Do not allow
the slide to dry and avoid excess flooding.

4. Remove the slide, let it cool and rinse with distilled water.

5. Decolorize with acid-alcohol (30 seconds).

6. Rinse with distilled water.

7. Counter stain with alkaline methylene blue for 45 seconds.

8. Rinse with distilled water.

9. Blot dry and examine under oil immersion.

19



Endospore Staining

Aim:

Two of the major genera of bacteria which form endospores are Bacillus and
Clostridium. Most of these bacteria are in the vegetative state when conditions for growth
are favorable and do not form spores. When conditions are not favorable for growth,

these bacteria form spores.

Spores found inside the bacterial cell are called endospores. They are spherical to
elliptical in shape and may be smaller or larger than the bacterial cell. Based on its
position in the cell, it is called central, subterminal or terminal.

Endospores do not stain readily. Heat is used to enable penetration of the dye
malachite green. Once stained, the endospores strongly resist decolorization. The rest of
the cell is then decolorized and counter stained a light red with saffranin.

Materials:

Cultures of Bacillus subtilis and Bacillus stearothermophilus

Glass slides

Cover slips

Microscope

Immersion oil

Inoculating loop

Beaker

Tripod stand

Bunsen burner

20
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Malachite green

Saffranin

Blotting paper

Cover 

Paperetwels

Lens paper

Procedure:

1. Prepare a smear of Bacillus subtilis and Bacillus stearothermophilus.

2. Air dry and heat fix the smear.

3. Place the slide on top of a beaker of boiling water.

4. Cover the smear with a small piece of-paper towel.

5. Cover the smear with malachite green for 5 minutes. Do not allow the smear to dry or

avoid over flooding.

6. Remove the paper towel and rinse with distilled water for 15-30 seconds.

7. Counter stain with saffranin for 30 seconds.

8. Rinse with distilled water.

9. Blot dry and observe under oil immersion.
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Biochemical Tests

Fig 3.1: Outline of major fermentation pathways. Microorganisms produce various waste

products when they ferment glucose. The by-products released are often characteristic of

the microorganisms and can be used-as identification tools.
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Glucose Fermentation.Test

This test is used to:determinethe ability of an organism to ferment glucose

producing acid or acid and gas as aresult of fermentation.

Fermentation is an energy producing biochemicalreaction inwhich organic

molecules serve as electronacceptors and donors. The ability of-bacteria to ferment

carbohydrates and the types of products formed are very useful in bacterial identification.

A given carbohydrate may be fermented to a number of different end products depending

on the microorganisms involved. These end products (alcohols,:acids, gases or other

organic molecules) are characteristic of the particular bacterium. Fermenting organisms

when grown in glucose may produce organic acids as by products of the fermentation.

These acids when released into the medium lower its pH. If a pH indicator such as phenol

red is used, it appears red at a pH of 8.4 and yellow at a pH of 6.8.

Fermentation is the anaerobic partial oxidation of glucose. Glucose is converted to

pyruvate, which is then reduced to lactic acid or ethanol The final electron acceptor in

lactic acid is pyruvate and for ethanol it is acetaldehyde. Only 2 ATP per glucose

molecule are generated. In the-case-of Pseudomonas which is aerobic, when the end of

the cycle is reached there is no oxygen. So they use oxygen from either carbon dioxide or

sulfur or nitrates.

Gases produced.during the fermentation process can be detected by using a small

inverted tube called a Durham tube within the culture medium. If gas is produced, the

medium inside the Durham tube will be displaced entrapping the gas in the form of a

bubble.
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Materials:

Bacterial cultures

Phenol red glucose broth with Durham tubes

Bunsen burner

Inoculating loop

Test tube rack

Incubator set.at 370C

Procedure:

1. Inoculate the glucose tubes with the bacteria.

2. Incubate at 370C..

3. Observe and record results.
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TripleSugar Iron (TSI) Agar Test

The triple sugar iron (TSI) agar test is generally used for the identification of enteric

bacteria (Enterobactericeae). It is also used to distinguish Enterobactericeae from other

gram negative intestinal bacilli by their ability to catabolize:glucose, lactose or sucrose

and liberate sulfides from ferrousnammonium sulfate or sodium thiosulfate.'

TSLagar slants contain a1% concentration of lactose and sucrose and a 0.1%

concentration of glucose. The pH indicator, phenol red, is also incorporated into the

mediumto detect acid production via-carbohydrate production.

When an enteric organism grows on this medium,,it ferments the glucose first

because it has the enzymes for this process readily available. Fermentation of glucose

results in acid productionand so the medium turns yellow in color. When the glucose is

all used up, if the organism can ferment lactose and/or sucrose it does so and the medium

remains yellow. If the organism cannot ferment either of these sugars, it breaks down

proteins in the medium (an anaerobic process) and as a result, basic products are formed

and the medium turns back to red color, but only at the slant where oxygen is present.

The medium also contains ferrous sulfate and sodium thiosulfate. If the organism

can reduce sodium thiosulfate to hydrogen sulfide, then the hydrogen sulfide combines

with the ferrous sulfate giving a black precipitate (iron sulfate). The following results can

occur in a TSI slant:

- Yellow butt and red slant due to the fermentation of glucose (phenol red indicator turns

red due to the persisting acid formation in the butt). The slant remains red (alkaline)



because of the limited glucose in the medium and therefore limited acid formation which

does not persist.

- Yellow- butt and slant due to fermentation of lactose and/or sucrose (due to high

concentration of these sugars)leading to excessive acid formation in the entire medium.

- Gas formation is noted by the splitting of the agar.

- Hydrogenssulfide formation is seen by the blackening of the agar.

- Red butt and slant indicates that none of the sugars were fermented and neither gas-nor

hydrogen-sulfide were produced.

Materials:

Bacterial cultures

TSI agar slants

Bunsen burner

Inoculation needle

Incubator set at 37 C

Test tube rack

Procedure:

1. Aseptically inoculate the bacteria by streaking the slant surface using a zigzag pattern

and stab the agar deep with an inoculation needle.

2. Replace the lid loosely on the tube.

3. Incubate at 37C for 18-24 hours.

4. Observe for sugar fermentation, gas production and hydrogen sulfide production and

record results.

26
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SIM -:Hydrogen Sulfide Production And Motility Test

This is used to determine if an organism is capable of reducing inorganic sulfur

compounds (thiosulfates, sulfates or sulfites) or organic sulfur containing compounds

(amino acids like cysteine and -methionine) toform hydrogen sulfide.

Many proteins are rich in sulfur containing amino acids are released and taken up as

nutrients. Cysteine, in the presence of cysteine desulfurase loses the sulfur atom and is

then reduced by the addition of hydrogen from water to form hydrogen sulfide gas.

Gaseous hydrogen sulfide may also be produced by the reduction of inorganic sulfur

containing compounds such as thiosulfates, sulfates or sulfites. For example, when

certain bacteria take up sodium thiosulfate, they are capable of reducing it to sulfite via

the enzyme thiosulfate reductase with the release of hydrogen sulfide gas.

The SIM medium contains peptone and sodium thiosulfate as substrates and ferrous

ammonium sulfate as the indicator. Cysteine is a component of the peptones used in the

SIM medium. Sufficient agar is present to make the medium semisolid. Once hydrogen

sulfide is produced, it combines with the ferrous sulfide precipitate that can be seen along

the line of the stab inoculation. If the organism is also motile, the entire tube may turn

black. This black line or tube indicates a positive reaction, absence of a black precipitate

indicates a negative reaction.

SIM agar may also be used to detect the presence or absence of motility in bacteria

as well as indole production. Motility is present when the growth of the culture is not

restricted to the stab line of inoculation. Growth of nonmotile bacteria is confined to the

line of inoculation.
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Biochemistry:

cysteine
a) Cysteine + water ---------------- > pyruvic acid + ammonia + hydrogen sulfide gas

desulfurase

thiosulfate
b) Thiosulfate + hydrogen ---------------- > sulfite + hydrogen sulfide gas

reductase

c) Fe(NH4)2SO4 + Bacterial acids ---------- > H2 S + Fe 3

Materials:

Bacterial cultures

Bunsen burner

SIM agar tubes

Incubator set at 37 C

Procedure:

1. Incubate SIM medium with the bacteria by stabbing with a needle.

2. Incubate at 37 C for 18-24 hours.

3. Observe and record results.
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IMViC Test:

The identification of enteric (intestinal) bacteria is of prime importance in

determining certain food borne diseases. Many of the bacteria that are found in the

intestines of humans and other higher mammals belong to the family Enterobacteriaceae.

These bacteria are short, gram negative, and nonsporing bacilli. They can be subdivided

into lactose fermenters and-nonlactose fermenters. Examples include pathogens

(Salmonella and;Shigella - lactose fermenters), occasional pathogens (Kebsiella - lactose

fermenter and Proteuss nonlactose fermenter) and normal intestinal microbes

(Enterobacter and Escherichia lactose fermenters). The differentiation and

identification of these bacteria can be accomplished by using the IMViC test - indole,

methyred, Voges-Prokauer and citrate tests.

A. Indole Test

The aminoacid tryptophan is found in nearly all proteins. Bacteria that contain the

enzyme tryptophanase can hydrolyze tryptophan to its metabolic products, namely indole,

pyruvic acid and ammonia. The bacteria utilize the pyruvic acid and ammonia to satisfy

nutritional-needs; indole is not used and accumulates in the medium. The presence of

indole can be detected by the addition of Kovacs' reagent, which reacts with indole

producing a bright red compound on the surface of the medium. Bacteria producing a red

layer following addition of Kovacs' reagent are indole positive; absence of ared color

indicates tryptophan was not hydrolyzed and the bacteria are indole negative.

Biochemistry:

tryptophanase
Tryptophan --------------------------- > indole + pyruvic acid + ammonia
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HCl
Indole + p-dimethylamino ---------------- > Rosindole dye

benzaldehyde amyl alcohol (cherry red compound)
-----------------------------

Kovacs' reagent
Materials:

Bacterial cultures

SIM, MIO or tryptophan broth tubes

Bunsen burner

Kovacs' reagent

Incubator set at 37 C

Procedure:

1. Inoculate SIM, MIO or tryptophane broth tubes with the bacteria.

2. Incubate at 37 C for 24 hours.

3. Add 5 drops of Kovacs' reagent.

4. Observe and record results.

B. Methyl - Red Test

All enteric bacteria oxidize glucose for their energy needs. However the end

products vary depending on the enzyme pathways present in the bacteria. The pH

indicator methyl-red detects the presence of end products such as lactic, acetic and formic

acids. This test is of value in distinguishing between E.coli ( a mixed acid fermenter) and

E.aerogenes ( a butanediol fermenter ). Mixed acid fermenters produce a mixture of

fermentation acids and thus acidify the medium. Butanediol fermenters form butanediol

acetoin and fewer organic acids. The pH of the medium does not fall as low as during
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mixed acid fermentation. At a pH of 4, The methyl red indicator turns red - a positive

test. At a pH of 6, the indicator turns yellow - a negative test.

Biochemistry within the tubes:

At-pH 6.0 + methyl red--T--------> yellow - negative

At pH 4.0 + methyl red -..-_.-----..----> red:- positive

Biochemistry within the bacteria:

E.aerogenes Acetyl CoA
2,3 butanediol
ILactic acid ----------- > Carbon dioxide +hydrdgen
Ethanol (pH=6)
Formicaacid

Glucose + 2Pyruvate --------------

Succinic acid
Lactic acid-------> Carbon dioxide + hydrogen
Acetic acid (pH=4)

E.coli I Formic acid -----> H2 + CO2

Materials:

Bacterial cultures

MR - VP broth tubes each containing 5ml medium

Bunsen burner

Test tubes

Pipettes

Incubator set at 370 C

Procedure:

1. Inoculate MR - VP broth with bacteria.

2. Incubate at 370 C for 24 - 48 hours.
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3. Remove 0.5m1 of turbid broth to a clean test tube.

4. Add three drops of methyl red reagent

5. Read and record results.

C. Voges - Proskauer Test

The Veges - Proskauer test identifies bacteria that ferment glucose, leading to

2,3 butanediol accumulation in the medium.-The addition of 40% KOH and a 5% solution

of alpha naphthol in absolute ethanol( Baritt's reagent) will detect the presence of

acetoin (acetyl methyl carbinol), a precursor in the synthesisof 2;3butanediol.n the

presence of the reagents and actoin, a cherry red color develops. Development of a red

color in the culture medium within 15 minutes following the addition of Barritt's reagent

represents a positive test; absence of a red color is a negative test.

Biochemistry within bacteria:

CO2  CO2Glucose + 1/2 oxygen ---> 2pyruvate -------- > alpha-acetolactate ------> actoin------

----- > 2,3 butanediol

Biochemistry within the tubes:

40% KOHAcetylmethylcarbinol + alpha naphthol ----------------------------- > diacetyl + creatine
absolute alcohol (pink complex)

Materials:

Bacterial cultures

MR - VP broth

Alpha naphthol - solution A

40 % KOH - solution B



33

Pipette

Test tubes

Incubator set at 370 C

Procedure:

1. Inoculate the MR - VP broth with the bacteria.

2. Incubate at 370 C for 24 - 48 hours.

3. -Remove 0.5m1 to a clean test tube.

4. Add 6drops of solution A and mix well.

5. Add 3 drops of solution B and mix well.

6. After 15 minutes, read and record results.

D. Citrate Utilization Test

The citrate utilization test determines the ability of bacteria to use citrate as a sole

carbon source for their energy needs. This ability depends on the presence of a citrate

permease protein that facilitates transport of citrate into the bacterium followed by

conversion into pyruvic acid and carbon dioxide. Simmons citrate agar slants contain

sodium citrate as the carbon source, ammonium as the nitrogen source and the pH

indicator bromthymol blue. This test is done on slants since oxygen is necessary for

citrate utilization. When bacteria oxidize citrate, they remove it from the medium and

liberate carbon dioxide which combines with sodium ( supplied by sodium citrate) and

water to form sodium carbonate - an alkaline product. This raises the pH, turns the pH

indicator to a blue color and represents a positive test; absence of a color change is a

negative test. Citrate negative cultures will also show no growth in the medium.
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Biochemistry within bacteria:

citrate pernpease.
Sodium citrate - pyruvic acid + oxaloacetic acid + Carbon dioxide

citrase

Biochemistry within the tubes:

Excess sodium from sodium citrate + CO2 + H20 --------- >Na2 CO3
( alkaline )
pH increasedMaterials:

Bacterial cultures

Simmons.citrate agar slants

Bunsen burner

Inoculating needle

Incubator set at 37 C

Procedure:

1. Inoculate the Simmons citrate agar slants with the bacteria by means of a stab and

streak inoculation.

2. Incubate the tubes for 24 - 48 hours at 37 0C.

3. Examine the slant cultures for the presence or absence of growth and coloration of

medium and record the results.
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Urease Test

Some bacteria are able to produce an enzyme called crease. that attacks the nitrogen

and carbon bond in amide compounds such as urea forming the end -products ammonia,

carbon dioxide and water. The urease test is used to distinguish members of Proteus from

other non lactose fermenting enteric bacteria.

Urease activity is detected by-growing bacteria in a medium containing urea and

using a pH indicator such as phenol red. When urea is hydrolyzed; ammonia accumulates

in the medium and makes it alkaline. This increase in pH causes the indicator to change

from orange red to deep pink or purplish red and is a positive test for urea hydrolysis.

Failure of a deep pink color to develop is .a negative test.

Biochemistry within bacteria:

urease
Urea + 2H20 -------------- > Carbon dioxide + water + ammonia

Biochemistry within the tubes:

Ammonia + phenol red ------------- > deep pink

Materials:

Bacterial cultures

Urea broth tubes

Bunsen burner

Inoculating loop

Procedure:

1. Inoculate the urea broth tubes.
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2. Incubate at 370C for 18-24 hours.

3. Observe and record results.
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Lysine Iron Agar (LIA )

Decarboxylation is the removal of a carboxyl group from an organic molecule.

Decarboxylation of amino acids like lysine results in the production of an amine and

carbon dioxide..

decarboxylase
R-- -- COOH--------------------> R---CH2--NH2+ C02

NH2
aminoacid a,

Bacteria that are able to produce the enzyme lysine decarboxylase can

decarboxylate lysine and use the amine as a precursor for the synthesis of other needed

molecules. In addition, when certain bacteria carry out fermentation, acidic waste

products are produced making the medium acidic and inhospitable. Many decarboxylases

are activated by a low pH. They remove the acid groups from the amino acids producing

alkaline amines, which raise the pH of the medium making it more physiological.

Decarboxylation of lysine can be detected by culturing bacteria in a medium containing

the desired aminoacid, glucose and a pH indicator. The acids produced by the bacteria

from the fermentation of glucose will initially lower the pH of the medium and cause the
pH indicator to change from purple (alkaline) to yellow (acid). The acid pH activates the
enzyme that causes the decarboxylation of lysine and subsequent neutralization of the
medium. This results in a color change back from yellow to purple. The lysine

decarboxylase test is useful in isolating and differentiating Pseudomonas (L-),

Klebsiella (L+), Enterobacter (L+) and Citrobacter (L-) species.



Materials:

Bacterial cultures

Lysine decarboxylase tube : .:

Inoculating loop.

Incubator set at 37 C

Procedure:

1. Inoculate by stabbing th niedlim and "fishtailing" up the slant.

2. Incubate-at 37 C-for 18-24 hours

3. Observe and record results.

38
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Starch Hydrolysis

Many bacteria produce.enzymes called hydrolases. Hydrolases catalyze the splitting

of organic molecules into smaller molecules in the presence of water. The starch

molecule consists of amylose, an unbranched glucosepolymer and amylopectin, a large

branched polymer. Both are rapidly hydrolyzed by certain bacteria via their-alpha

amylases to yield dextrins, glucose and maltose. Gram's iodine can be used to indicate

the presence of starch because when it'comes in contact with starch, it forms a blue to

purple complex. Hydrolyzed starch does not produce a colorchange.. If a clear area

appears after adding Gram's iodine to a medium containing starch and bacterial growth,

the bacteria have produced alpha amylase. If there is no clearing, starch has not been

hydrolyzed.

Materials:

Bacterial cultures

Starch agar plates

Gram's iodine

Inoculating loop

Bunsen burner

Incubator set at 37C

Procedure:

1. Inoculate a starch plate by streaking parallel straight lines with Staphylococcus

aureus and Bacillus species.

2. Inoculate at 37 C for 18-24 hours.
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3. Flood the plate with Grams iodine.

4. Obse.rveandxecord the reaction.

. " .
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Catalase Test

Bacteria-contain flavoproteins that reduce oxygen resulting in the production of

hydrogen peroxide (H202 ) or superoxide (02~). These are extremely toxic because they

are powerful oxidizing agents and destroy cellular consttuehts veryrapidly. A bacterium

must be able to protect itself against such 02 products orit will be killed. Many bacteria

possess enzyiifs that afford protection against toxic 02 products. Obligate aerobes and

facultative anaerobes usually containtthe enzymes superoxide dismutase and either

catalase or peroxidase which catalyze thedestruction of superoxide and hydrogen

peroxide respectively.

Superoxide
202-~+ 2H+-----------------> 02+ H202

dismutase hydrogen
peroxide

catalase
2H202 ---------------------> 2H2 0 +02

peroxidase free
oxygen

Most strictly anaerobes lack both enzymes and therefore cannot tolerate oxygen. Catalase

production and activity can be detected by adding the substrate H202 to an approximately

incubated soy agar slant structure. If the bacteria produced catalase, the above chemical

reaction will liberate free oxygen gas. Bubbles of oxygen (immediate bubbling) represent

a positive catalase test, the absence of bubble formation or delayed or weak bubbling is a
negative catalase test. Catalase activity is useful in differentiating between groups of

bacteria e.g.: Streptococcus - catalase negative and Staphylococcus - catalase positive.
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Materials:

Bacterial cultures

Catalase reagent - 3% hydrogen peroxide

Glass slide

Inoculating loop

Pasteur pipette

Procedure:

1. Aseptically place a loopfulof organism onto a clean slide.

2. Add one drop of catalase reagent to the organism.

3. Observe for immediate bubbling.
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Oxidase Test

Oxidase enzymes play an important role in the operation of the electron transport

system during aerobic respiration. Cytochrome oxidase uses oxygen as an electron

acceptor during the oxidation of reduced cytochrome a3 to form either water of hydrogen

peroxide. The oxidase test is a useful procedure in the clinical laboratory because some

gram negative pathogenic species of bacteria such as Neisseria gonorrhoea,

Pseudomonas aeruginosa and Vibrio species are oxidase positive in contrast to the

species in the family Enterobacteriaceae which are oxidase negative. The ability of

bacteria to produce cytochrome oxidase can be determined by the addition of the oxidase

test reagent ( tetramethyl-p-phenylenediamine dihydrochloride or an oxidase disc,

p-aminodimethylaniline) to colonies that have grown on a plate medium. The light pink

oxidase test reagent serves as an artificial substrate, donating electrons to cytochrome

oxidase and in the process becoming oxidized producing a color change. An immediate

color change to pink indicates a positive reaction. No color change indicates a negative

reaction.

Materials:

Bacterial cultures

Oxidase reagent

Cotton swab

Procedure:

Place a drop of oxidase reagent on sterile cotton swab.

Touch the cotton swab to one colony on a non selective medium and observe.
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Media

The media on which bacteria are grown can be of different types.

A synthetic medium is a medium prepared in the lab from materials of precise or

reasonably well defined composition.

A defined synthetic medium is one that contains known specific kinds and amounts of

chemical substances.

A complex medium or a chemically undefined medium is one that contains certain

reasonably familiar materials but varies slightly in chemical composition from batch to

batch.

A selective medium is one that encourages the growth of some organism and suppresses

the growth of others.

A differential medium has a constituent that causes an observable change ( a color change

or a change in pH) in a medium when a particular chemical reaction occurs.

An enrichment medium contains special nutrients that allow growth of a particular

organism, which might not otherwise be present in sufficient numbers to allow it to be

identified and isolated. Unlike a selective medium, an enrichment medium does not

suppress the growth of other organisms.

In this lab bacteria are grown on four different media - Bacto Mannitol Salt Agar,

Bacto Hektoen Enteric Agar, Bacto EMB agar and Bacto MacConkey Broth.

Bacto Mannitol Salt Agar: Mannitol salt agar is both a selective and differential medium.
It favors organisms capable of tolerating high sodium chloride concentration and also
distinguishes bacteria based on their ability to ferment mannitol. Mannitol salt agar is



formulated with 7.5% NaCL This makes it highly selective because most bacteria cannot

tolerate this level of salinity. Organisms not suited for this environment will show stunted

growth or no growth at all. Phenol red is the pH indicator included in the medium. Phenol

is yellow below pH 6.8, red at pH 7.4 to 8.4 or above. The development of yellow halo

around colonies is an indication that mannitol has been fermented with the production of

acid (e.g.: Staphylococcus aureus ). No color change or formation of pink color change

is a negative result (e.g.: Staphylococcus epidermidis ).

Bacto Hektoen Enteric Agar: Hektoen enteric agar is an undefined unselective and

differential medium used for isolation and differentiation among Enterobacteriaceae.

Hectoen agar contains various nutrients including lactose, sodium deoxycholate,citrate

and neutral red. Deoxycholate is a component of bile and inhibits growth of Gram

positive organisms. Citrate is included to increase the action of deoxycholate. Acid end

products from lactose fermentation lower the pH. When the pH gets below 6.8, the

colorless neutral red turns a reddish color. Thus, Gram negative lactose fermenters will

appear some shade of red (e.g.: E.coli, Enterobacter aerogenes ), whereas Gram negative

lactose nonfermenters will remain colorless (e.g.: Proteus vulgaris ).

Bacto Eosin Methylene Blue (EMB) Agar: EMB agar is a selective and differential

medium used for isolation and differentiation among members of the Enterobacteriaceae

- the enteric gut bacteria. EMB agar is an undefined and selective medium that contains

the aniline dyes methylene blue and eosin which inhibit Gram positive bacteria thus

favoring the growth of Gram negative enterics. In addition to the dyes, the medium also

contains lactose, which makes it a differential medium in that it allows distinction

45
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between lactose fermenters and lactose non-fermenters. Large amounts of acid from

lactose fermentation causes precipitation of the dyes on the colony surface producing a

characteristic green metallic sheen ( e.g.: E.coli ). Smaller amounts of acid production

results in a pink coloration of growth (e.g.: Enterobacter aerogenes ). Non-fermenting

enterics do not produce acid so their colonies remain colorless or take on the coloration

of the medium ( e.g.: Salmonella typhimurium ).

Bacto MacConkey Agar: MacConkey agar is an undefined medium containing nutrients

including lactose as well as bile salts, neutral red and crystal violet. Bile salts and crystal

violet inhibit growth of gram positive bacteria making MacConkey agar a selective

medium. Neutral red is the pH indicator and is colorless above a pH of 6.8 and red at a

pH of less than 6.8. Acid accumulating from lactose fermentation turns the colorless

neutral red to a red color. Coliforms are therefore a shade of red (e.g.: E.coli ) whereas

lactose non-fermenters remain colorless (e.g.: Providencia stuartii ).

Materials:

Bacterial cultures

Mannitol salt agar plates

Hektoen enteric agar plates

EMB agar plates

MacConkey agar plates

Bunsen burner

Inoculating loop

Incubator set at 37 C
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Procedure:

1. Streak plate the bacterial cultures on the growth media aseptically.

2. Incubate at 37 C for 24-48 hours. Observe and record results.
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Growth Curve Experiment

Aim:

To observe the growth of E.coli in culture media and observe the different phases

of the bacterial growth curve. The normal bacterial growth curve has four phases:

a. Lag phase: During this phase the bacterial growth is almost nil.

b. Log phase: This phase shows a linear growth curve indicating maximum growth of the

bacteria during this phase. Cultures required for the study of bacteria should be taken

during this phase.

c. Stationary phase: This phase shows almost a straight line because the growth rate of

the bacteria is equal to its death rate. Many bacteria can be identified based on the

duration of the stationary phase, e.g.: Pseudomonas has a very long stationary phase

while E.coli has a shorter stationary phase.

d. Exponential death phase: During this phase the rate of death among the bacteria is at

it's highest.

Fig 4.1: Bacterial growth curve

STATIONARY
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log # of
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. AGSE
PM"S

Time ( minutes)



51

Materials:

Culture of E.coli

TSB broth

Pipettes

Spectrophotometer

Cuvette

Micropipettes

Agar plates

Centrifuge tubes

Linear graph paper

Semilog graph paper

Procedure:

1. Inoculate E.coli in one tube of 5ml TSB broth.

2. Incubate overnight at 37C shaking.

3. Take lml of the E.coli broth and put it into 10Oml of TSB broth.

4. Take an initial reading of the inoculated TSB broth at an absorbance of 600nm

5. Incubate the flask at 370C.

6. Every 30min, remove 500sl into a cuvette and take readings at an absorbance of

600nm for a total of 4-5 hours.

7. Every hour remove 1Opl into a cetrifuge tube and make dilutions and spread plates

as follows:
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Ti: 10s1 sample T2: l0slof Ti T3: l0s1of T2

+ 900 1 TSB - + 9901TSB -+ +990sl TSB

Dilution: 10 10~3 10-5

Spread plate l001p from each tube on different plates.

10-1 10-4 10-6

8. Incubate all the plates at 37 C overnight.

9. Count the number of colonies in each plate.

10. Draw a graph on linear graph paper of:

a. absorbance vs time

b. log # of colonies vs time

log # of
colonies

Time (minutes )
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11. Draw a graph on semilog graph paper of:

a. absorbance vs time

b. log #-of colonies vs time

log # of
colonies

Time ( minutes )
Viablecell count = # of colonies x 1 / dilution cells/mL

Generation time ( Doubling Time ): This is the time taken by the bacteria to multiply to

double its number. To calculate the generation time, Draw a graph on semilog graph

paper of time ( xaxis) vs number of colonies (y axis ). Take an arbitrary number on the

y axis and note the time for that point on the x axis(T1 ). Take double the value of the

initial arbitrary number on the y axis and note the time for that point on the x axis ( T2 ).

T1 - T2will give the doubling time(dt).

To find out the number of cells at a particular time:

Draw a graph of time (x axis) vs absorbance (y axis ). Take 1.0 on they axis and note

the corresponding value on the x axis ( x ).
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Draw a graph on semilog paper of viable cell count vs time. Take the value of time xgot

from the previ us graph and p[lot it on this graph. Find its corresponding value on the y

axis.- this will give the nutmberof cell/ml at a given time x.
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5- Fluorouracil Experiment

Aim:

The aim of this experiment is to detect the presence or absence of the enzyme uracil

phosphoribosyltransferase ( UPRTase ) in the given strain of bacteria.

In most organisms, uracil can be utilized through the salvage pathway encoded by

!p which works in unison with the pyrimidine biosynthetic pathway.

Outside the cell { Inside the cell

Uracil ---- ,. I----->uracil------------> UMP----> UDP --- > UTP
permease ( gd) UPRTase

5 -Fluorouracil (FU) is a toxic compound, but not a mutagen. When FU is present

the bacterial cell takes it up and utilizes it similarly to uracil along the salvage pathway.

The fluoro-uracil is converted to EUMP by UPRTase encoded by M . The FJMP then

gets incorporated into the RNA of the bacterial cell and kills it.

Outside the cell I Inside the cell
UPRTase

Fluoro-uracil ----- I ------ > fluoro-uracil ---------- > FUMP ---- >enters the bacterial(uracil permease, jgrqA) (1) RNA and kills it

If the bacteria has undergone mutation -. PD to egP (no UPRTase ), then FU cannot get

converted to EUMP and as a result the bacterial cells survive even in the presence of FU.
When the bacteria are exposed to FU initially there is a zone of clearing around the
fluoro-uracil as the bacteria get killed. Then the bacteria that have undergone mutation

will grow (:pj ) and colonies are seen in the zone of clearing.

Materials:

Culture of Pseudomonas aeruginosa
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Ps minimal broth

Ps minimal media plates

5 - Fluorouracil crystals

Forceps

Flame

Alcohol

Hockey stick

Turn table

Pipettes

Inoculating loop

Micropipettes

Procedure:

1. Inoculate Pseudomonas aeruginosa in 5ml minimal broth.

2. Grow overnight at 37 C, shaking.

3. Spread plate 100l and 200sl on two different Ps minimal plates.

4. Place a small crystal of fluoro-uracil with a forceps in the center of the spread plates.

5. Incubate right side up at 370C.

6. Observe and record results.



57

Mutagenesis Experiments

Mutation can be described as a failure to store the genetic information faithfully.

It includes the category of changes now referred to as chromosomal aberrations. Now it is

often reserved for alteration of information within a single gene. Certain organisms lend

themselves to induction of mutations that can be easily detected and studied throughout

reasonably short life cycles. Viruses, bacteria, fungi, fruit flies, certain plants and mice fit

these criteria to various degrees and are used to study mutation and mutagenesis.

Mutations can be classified by various schemes. None of them are mutually

exclusive but depend on which aspects of mutation are being investigated or discussed.

- Spontaneous vs Induced mutations: Spontaneous mutations are considered as those that

arise in nature. No specific agent, other than natural forces is associated with their

occurrence and are assumed to arise strictly by chance. They may, therefore, be

considered as random errors in the storage of genetic information. In contrast, those that

arise as a result of any artificial factor are considered to be induced mutations. These two

categories overlap to some degree.

- Gametic vs Somatic mutations: Mutations occurring in somatic cells are not transmitted

to future generations. First a random mutation might occur in a gene that is not active or

essential to the function of that cell. Second, even if a critical gene is affected, there are

still thousands of unaffected cells to perform the function of the tissue in question.

However, mutations in gametes have the potential of being expressed in all the cells of

the offspring. It may be transmitted to future generations, gradually increasing in

frequency in the populations. Dominant autosomal mutations will be expressed
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phenotypically in the first generation. Sex-linked recessive mutations that arise in the

gametes of a heterogametic female may be expressed in the hemizygous male offspring

provided the male offspring receives the affected X chromosome. Because of

heterozygosity, occurrence of an autosomal recessive mutation in the gametes of males or

females, even one resulting in a lethal allele may go unnoticed for generations, becoming

widespread in the population till a chance mating brings two copies of it together in the

homozygous condition.

- Categories of mutation: Various types of mutation are classified according to the basis

of their effect on the organism. A single mutation may fall into more than one category.

The most obvious are those affecting a morphological trait. A second broad category

includes nutritional and biochemical variations from the normal. E.g.: inability to

synthesize an amino acid or vitamin in bacteria, sickle cell anemia in humans. These can

be detected by laboratory analysis. The third category consists of lethal mutations. This

can include nutritional and biochemical mutations. E.g.: a bacterium that cannot

synthesize an amino acid which is absent from the growth medium cannot synthesize

complete proteins and will not survive. The fourth category includes conditional

mutations. The best examples are temperature sensitive mutations - at certain

temperature, a mutant gene product functions normally only to lose its functional

capability at a different temperature.

Information on spontaneous mutation rate not only provides insights into evolution,

but also provides the baseline for measuring the rate of experimentally induced mutation.

Three striking features in the spontaneous mutation rate in a variety of organisms is that
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the rate is exceedingly low in all organisms, varies considerably in different organisms
and even within the same species and the spontaneous mutation rate varies from gene to
gne. Viral and bacterialgenes undergo spontaneous mutation on an average of about 1millionn (1lO ) cell divisions. While Neurospora has a similar rate, maize, Drosophila
and humans demonstrate a rate several orders of magnitude higher.

The genetic code is a triplet. Each sequence of three nucleotides specifies a single
amino acid in the corresponding polypeptide. Any change that disrupts the coded
information provides sufficient basis for a mutation. The simplest change is the
substitution of a single different nucleotide pair. This is referred to as a point mutation.
Two terms are often used to describe nucleotide substitutions. If a pyrimidine replaces a
pyrimudine or a purine replaces a purine, it is called transition. Transversion is when a
purine and pyrimidine are interchanged. Another type of change that could occur is theinsertion or deletion of a single nucleotide at any point along the gene and is called
frames mutation. In either the point or frameshift mutations, the end result is a changein the amino acid sequence of the protein encoded by the altered gene. DNA can exist intautomeric forms, i.e., each can exist in several chemical forms differing by only a singleprotein shift in the molecule. Tautomeric shifts can result in base pair changes or

mutations. The biologically important tautomers involve keto-enol pairs for thymine andguanine and amino-imino pairs for cytosine and adenine. Paiy
. . Pacing is always betweenpyrimidine and a purine. The end result is the transition where an A-T pair is replaced by

a G-C pair or vice versa.
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Fig 6.2: The standard base-pairing relationships compared with anomalous-arrangements

occuring as a result of tautomeric shifts. The dense arrow indicates the point of bonding

to the pentose sugar.

Standard base pairing arrangements

CH3  ..... H-N N A
\ // \ / C
C--C C-C

,/ V/1\
H-C N--M---ON/ C.. N

\ / \
C=N

(keo) (amino)

Thymine Adenine

H N-MH....Q NM
\\ / C

C-C C--C I
M-C N..*---...4 C-,,N\ /\ /

N-C C=N

0.... .M..N
(amino) \ (keto)

Cytosine Guanine

Anomalous base-pairing relationships

C-C CN k

V 0-.. -- /

Thymine

*9 ,*-*** N

H--.. N---H - N ---4

H /.....H-N f

//C--C C--CN

4.,.. .14'...***N C.,-

N CC=N

0 /

Guinine
Cimino)

Cytoetn.
(amino)
Adenine

(amino) (Imino)
M M

S- ... N N. M

H--;"cA N - -- - -M-,,..N

N-CN



62

Fig 6.3: Formation of an A-T to a G-C base pair

transition as a result of a tautomeric shift in A during

replication and subsequent anomalous base pairing.
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Base analogues, a group of mutagenic chemicals are molecules that substitute for purines

or pyrimidines during nucleotide and DNA biosynthesis. E.g.: 5-bromouracil,.5.

chlorouracil and 5-iodouracil are analogues of uracil and 2-aminopurine-is an analogue of

adenine. * -I._ t

Nitrous acid,.a mutagenic chemical compound oxidatively deaminates purines and

pyrimidines. An amino group is converted to a keto group m vytosine-and adenine.

Cytosine is converted to uracil and hypoxanthine. The major effect of these changes is to

alter thebase-pairing specifities of these molecules during DNA replication.

Hydroxylamine reacts specifically with cytosine converting it to hydroxylaminocytosine.

This can undergo a tautomeric shift allowing it to pair with adenine.

Alkylating agents donate an alkyl group to the amino or keto groups in nutw :tides. E.g.:

mustard gas, EMS.

A group of aromatic molecules known as acridine dyes can cause frameshift mutations.

E.g.: proflavin, acridine.

Purines and pyrimidines absorb uv light at around 260nm. This property is used

extensively in the detection and analysis of nucleic acids. UV radiation is a mutagenic

agent causing pyrimidine dimers particularly between two thymine residues. Cytosine-

cytosine and thymine-cytosine diners may also be formed, but are less prevelant. The

dimers distort the DNA confirmation and inhibit normal replication.
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Fig 6.4: Similarity of 5-bromouracil structure to thymine structure. In the common keto

form, 5-BU pairs normally with adenine behaving as an analogue. In the rare enol form, it

pairs anomalously with guanine.
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Fig 6.5: Deaminations caused by nitrous acid leading to new base-pairing arrangements

and mutations. G-C to A-T and AT to G-C transitions result.
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Fig 6.6: Conversion of guanine to 7-ethyl guanine by EMS which pairs with thymine.
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Fig 6.8: Formation of thymine diners and 6-4 photoproduct induced by uv radiation.
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Studies have demonstrated that an intricate set of repair processes function to

counteract the lesions produced in DNA as a result of uv radiation. It is during the repair

process that most errors leading to uv mutations occur. Photoreactivation is a mechanism

of repairthat is temperature dependent. The photoreactivation enzyme associated with it

can be isolated from E.coli cells. Its repair activity is destroyed by heat. It cleaves the

bonds between thymine diners reversing the uv effect. While the enzyme will associate

with a dimer in the dark, it must absorb a photon of light to cleave the dimer. Excision

repair on the other hand does not require light. UV induced diners are cut out of the

DNA strand along with some nucleotides on either side. The gap is then filled in by

repair synthesis by DNA polymerase 1. The phosphodiester bond is then sealed by DNA

ligase. Another mechanism is post replication repair. Following a single round of

replication, discontinuous gaps are found opposite pyrimidine dimers along both the

strands of DNA. However in the first hour following replication, the degree of

discontinuity diminishes as if the gaps are gradually disappearing. The cells that show

this phenomenon may survive as viable progeny, but their recovery is dependent on the

product of a gene, rec A which is essential to the recombination phenomenon in E.coli.
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Fig 6.9: Contrasting diagrams of photoreactivation

and excision repair of UV-induced thymine diners.
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Fig 6.10: Post-replication repair.
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UV Experiment

Aim:

In this experiment ,the bacteria are exposed to a mutagen like uv radiation and the

effect is noted.

Normally when a bacterial cell is exposed to the antibiotic streptomycin,

streptomycirrbinds to the S12 subunit of the 30s ribosome in the bacterial cell causing a

kink in the subunit. As a result, the anticodon cannot recognize the codon. There is no

translation and the cell dies.:On exposure to u-v light, if the bacteria undergoes a

mutation at the S12 subunit (resulting in a kink in the subunit), when streptomycin binds

with the mutated S12 subunit, the kink will be corrected and the bacteria will be able to

grow even in the presence of streptomycin. Exposure to light can also correct the kink in

the S12 subunit.

Materials:

Culture of E.coli

50 ml conical flasks

Nutrient broth

Erlenmeyer flasks

TSA plates

TSA plate with streptomycin at 30g/ml

Sterile petridish

0.1 M MgSO4 buffer

Aluminum foil
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UV lamp

Vortexer

Alcohol

Turn table

Hockey stick

Pipettes

Micropipettes

Bunsen burner

Procedure:

1. Take 1Omi of an overnight culture of E.coli and divide it into two 50m1 conical

flasks. ( per class )

2. Centrifuge at 4000 xg for l0min at 4C.

3. Pour off the supernatant.

4. Resuspend by vortexing both pellets ( together) in 1OmI 0.1 MgSO4 buffer. (At this

point make two master control plates by spread plating 100sl of cell suspension onto

a TSA plate and a TSA plate containing streptomycin).

5. Pour cell suspension into a sterile petri dish.

6. Take off the petri dish lid and expose to uv radiation for the following time points:

Group # Time ( seconds )

1 60

2 120
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3. 180

4 240

7. At the appropriate time point, remove 1ml of cell suspension from the petri dish and

place in a-sterile 50m1 conical containing 19m1 of nutrient broth.

8. Spread plate 100 1on TSA and TSA strep.

9. Divide the 20ml cell suspension into two small Erlenmeyer flasks (lOmil in each

flask). Wrap one of the two flasks with aluminum foil to prevent the sample from

being exposed to light.

10. Incubate the flasks at 37 C for one hour.

11. Plate 1001 from each flask (light and dark) onto a TSA plate and a TSA strep plate

(four plates total).

12. Incubate all plates at 37 C overnight.

13. Observe and record results.
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EMS Mutagenesis Experiment

Aim:

The aim of this experiment is to expose the bacteria to ethyl methyl sulfonamide

(EMS) and identify mutant strains. EMS is a purine "specific" alkylating agent that

causes GC to AT transitions in DNA. Normally the bacteria will be able to grow on Ps

minimal media and TSA plates even in the presence of uracil and arginine. The bacteria

which undergo mutation will not be able to grow on one of the plates but will show

growth on the others depending on where the mutation has occurred.

Materials:

5m1 Ps minimal broth

Pseudomonas aeruginosa culture

Inoculating loop

Bunsen burner

50m1 Ps minimal medium

3ml of 4% EMS in a flask

3 18ml Ps minimal media flasks

Uracil

Arginine

20% dextrose

Ps minimal medium plates

TSA plates

Ps minimal medium+uracil plates (Psmm+u )
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Ps minimal medium + arginine plates (Psmm+ r )

Ps minimal medium+uracil+ arginine plates (Psmm+u +r )

Turntable

Hockey stick

Alcohol

Pipettes

Micropipettes

Toothpick

Procedure:

1. Inoculate 5ml Ps minimal broth with Pseudomonas aeruginosa.

2. Incubate at 37 C overnight, shaking.

3. "Reinoculate" the next morning 2ml of overnight culture into 50ml Ps minimal

media.

4. Incubate at 37 C for about 5 hours, shaking.

5. Take 3m1 of the hour culture and put in a flask containing 4% EMS solution (2%

final concentration).

6. Shake at 370C for 2 hours.

7. Put 2ml into each of the following ( 1:10 dilution ):

a. 18m1 Ps minimal medium + 100l uracil + 400l 20% dextrose

b. 18m1 Ps minimal medium + 100 l arginine + 400 l 20% dextrose

c. 18m1 Ps minimal medium + 100 l uracil + 100 l arginine + 4001 20% dextrose
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8. Incubate at 37 C overnight, shaking. (If there is no growth add 400 dextrose to

each flask and incubate at 37 C shaking ).

9. If there is growth, from each flask, do the following on Ps minimal medium plates:

a four quadrant streak

- lOjl spread plate

- 3041spread plate

10. Incubate the plates overnight at 37 C.

11. Using individual colonies from all the above plates do a grid plate (replica plate) as

follows: (make sure to mark the colonies used)

Set 1:

Psmm plate Psmm + u plate Psmm + u + r plate TSA plate

Set 2:

Psmm plate Psmm + r plate Psmm + u + r plate TSA plate

12. Incubate these plates at 37 C overnight.

(To do a grid plate, using a tooth pick take an individual colony from any plate and

make a line on all four plates of set 1 at the same place. Pick 50 such colonies. Repeat

the same procedure on the second set of plates ).
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NTG Mutagenesis Experiment

Aim:

The aim of this experiment is to expose the given strain of bacteria ( Pseudomonas

aeruginosa ) to the mutagen N-methyl-N'-nitro.N-nitrosoguanidine ( NTG) and then

identify the mutant strains.

NTG is a very strong mutagen. It is a methylating agent and causes mutations in

DNA. It causes GC to AT transitions more frequently than AT to GC transitions. It can

also cause transversions and frame shift mutations. Usually the wild strain of bacteria will

show growth on Ps minimal media and TSA media plates even in the presence of uracil

and arginine but the mutant strains will not show growth on one of the plates but will

grow on the others depending on where the mutation has occurred.

Materials:

Pseodomonas aeruginosa culture

5ml Ps minimal broth

50ml, lOml and 6m1 Ps minimal medium

Conical flask

Citrate buffer (pH = 5.5 )

NTG solution ( stock concentration = 1mg/ml)

3 flasks with 18ml Ps minimal media

Alcohol

Gloves

Bunsen burner
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Inoculating loop

Turn table

Hockey stick

Tooth pick

Pipettes

Micropipettes

Uracil

Arginine

20% dextrose

Ps minimal medium plates

Ps minimal medium + uracil plate (Psmm+ u )

Ps minimal medium + arginine plate (Psmm+ r )

Ps minimal medium+uracil+ arginine plate (Psmm +u+r )

TSA plates

Procedure:

1. Inoculate 5ml Ps minimal broth with Pseudomonas aeruginosa.

2. Incubate at 37 C overnight, shaking.

3. "Reinoculate" the next morning, 2ml of overnight culture into 50ml Ps minimal

media.

4. Incubate at 37 C for about 5 hours, shaking.

5. Pour 20m1 of cell culture into a 50m1 conical flask.

6. Centrifuge at 3000 xg for 5 min at 4 C.
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7. Pour off the supernatant and resuspend the cell pellet in 9ml citrate buffer (pH 5.5 ).

8. Add 1mi of NTG solution so that the final concentration is 100p g/ml.

9. Incubate at 370C for 30 minutes ( without shaking ).

10. Centrifuge at 3000 xg for 5 minutes at 4 C to collect cells.

11. Pour off the supernatant into the waste container.

12. Resuspend in 10ml Ps minimal medium to wash cells; centrifuge and pour off

supernatant into the NTG waste container.

13. Resuspend in 6ml Ps minimal medium.

14. Put 2ml of cell suspension into each of the following flasks:

a. 18m1 Ps minimal medium + 1001 uracil + 400l 20% dextrose

b. 18m1 Ps minimal medium + 100sl arginine + 400 l20% dextrose

c. 18m1 Ps minimal medium + 100 l uracil + 100sl arginine + 400l 20% dextrose

15. Incubate at 370C overnight, shaking.

16. If there is growth, from each flask do the following on a Ps minimal medium plate:

- four quadrant streak

- spread plate with 10 1

- spread plate with 30pl

17. Incubate the plates at 370C.

18. Then do a replica or grid plate as follows:

Set 1:

Psmm plate Psmm + u plate Psmm + u + r pmate TS A a*o
p11 atX- v--arMs 9 %& I y .a"%%e
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Set 2:

Psmm plate Psmm + r plate Psmm + u + r plate TSA plate

( To do a grid plate, using a sterile tooth pick, take an individual colony from any plate

and make a line on all 4 plates of set 1 at the same place. Pick 50 such colonies. Repeat

the same procedure on the second set of plates).

19. Incubate these plates at 37 C overnight.
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Checking for blocks in a pathway

Aim:

The aim of this experiment is to take different strains Pseudomonas and E.coli

which have undergone mutation at different levels in the pyrimidine or arginine pathways

respectively and then identify the level at which the mutation has occurred by identifying

on which intermediate products of the pathways the bacteria are able to grow on.

The arginine pathway in brief would be:

L-glutamic acid -----> N actyl glutamate ---- > Ornithine -----> Citrulline-

---- > Argininosuccinate ----> Arginine

The pyrimidine biosynthetic pathway is

py-A PMtB pyrC_
--------- > Carbamoyl phosphate ---------> Carbamoyl aspartate ----------

--> Dihydro orotate ---- > Orotic acid ----> OMP -----> UMP -------

-- >UTP--------> CTP

The salvage pathway is

ura Aupp
Uracil -------------------------- > uracil ----- > UMP ---- >UDP --- > UTP --- > C TP

(outside the uracil (inside the
cell) permease cell)

The intermediates of the arginine pathway are able to enter the bacterial cell easily while

it is not so with the intermediates of the pyrimidine pathway. Growth of bacteria is seen

in the substances occurring after the mutation.

Materials:

Ps.putida PPN 1137 - pyr B~
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Ps.aeruginosa PAO 483 - pyr F

Ps.fluorescens pfcw 1013 - pyr C~

E.cOli TB2 - pyr B, arg~

Ps minimal medium pits

Ps minimal medium+uracil plate( Psnmn+u )

Thiamine

Casaifio acids

Biade

Hockey stick

Alcohol

Turn table

Pipettes

Micropipettes

Bunsen burner

Forceps

Gloves

Crystals of carbamoyl phosphate, dihydroorotate (DHO), orotic acid, uracil, cytosine,

cytidine, uridine, glutamate, ornithine, citrulline, arginosuccinate and arginine.

Tooth pick

Procedure:

1. Spread plate 150 l thiamine on the Psmm + u plate.

2. Spread plate 300pl casamino acids ( CAA) on each of 3 Ps minimal medium plates.
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3. Then spread plate 0.lml of the appropriate strain of bacteria on each plate.

Plate 1: Psmm + 300 l CAA +0.lml ppN 1137

Plate 2:Psmm+300sl CAA +O.1jlPAD 483

Plate 3: Psmm:+ 300 l CAA +0. lml Ps.fluorescens 1013

Plate 4:Psmm+u+ 150mlthiamine (+0.lml TB2 )

4. Divide the first three plates into seven and the fourth Plate into three different sections

by cutting a well into the agar between themso that-there is no contamination or

diffusion from one part to the other.

5. In plates 1,2 and 3, using a sterile tooth pick place a crystal of the following in the

different sections - carbamoyl aspartate, dihydroorotate, uracil, cytosine, cytidine and

uridine.

6. In plate 4, using a sterile tooth pick place a crystal of the following in the different

sections - ornithine, citrulline, arginosuccinate and arginine.

7. Incubate plates 1 and 3 at 30 0C and plates 2 and 4 at 370C.
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NTG Mutagenesis Experiment

Aim:

The aim of this experiment is to expose the-given strain of bacteria to the mutagen

NTG and then test to see if mutation has occurred. The strain of bacteria used is

Pseudomonasputida - PPN 1137. It is pyr B~ and upp+. When exposed to a mutagenic

agent, if mutation occurs at pyr B making it pyr B, then a test should be performed to see

if the upp gene has also undergone mutation as it is located next to the pyr B gene.

Materials:

Pseudomonas putida - PPN 1137 culture

Ps minimal medium plates

Casamino acids

NTG crystals

Tooth pick

Gloves

Turntable

Hockey stick

Alcohol

Bunsen burner

Procedure:

1. Spread plate 300sl of 10% casamino acids on two Ps minimal medium plates.

2. Incubate at 37 C for 15 minutes.
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3. Spread plate 0.1ml PPN 1137 on each of the two Ps minimal medium plates with

casamino acids.

4. In the center of one plate place a crystal of NTG using a tooth pick.

5. Incubate both the plates at 30 C.

6. If after incubation, bacterial colonies art seen growing in the zone of clearing around

the NTGcrystal, test these bacteria to see if they areupp or upp~'by theFU

experiment.

NOTE: Repeat the above experiment using a different strain of bacteria such as

Pseudomonasfluorescens. It is iyr C and Kgg. The gg gene is located next to the pyr_

gene.
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Assays

Pyrimidine pathway

In the pyrimidine biosynthetic pathway the pyrimidine ring is assembled first and then

linked to ribose phosphate to form a pyrimidine nucleotide. The precursors of pyrimidine

ring are carbamoylphosphate and aspartate.

NH4 + 2 ATP + HC03 ~ ---- > carbomoyl phosphate + 2 ADP + Pi + glutamate

The committed step in the biosynthesis of pyrimidines is the formation of N-carbamoyl

aspartate from carbamoylphosphate and aspartate. This carbamoylation is catalyzed by

aspartate transcarbamoylase ( ATCase ).

Carbamoylphosphate + aspartate -----------------------> N-carbomoyl aspartate + Pi
ATC ase

The pyrimidine ring is formed in the next reaction in which carbamoyl aspartate cyclizes

with the loss of water to yield dihydroorotate. Orotate is then formed by the

dehydrogenation of dihydroorotate.

N-carbamoyl aspartate ------------------> dihydroorotate ----------------> orotate
DHOase dihydroorotate

( dihydroorotase) dehydrogenase

Orotate ( a free pyrimidine ) then reacts with PRPP (phosphoribosyl pyrophosphate ) to

form orotidylate ( the first pyrimidine nucleotide ). This reaction which is catalyzed by

rotate phosphoribosyltransferase is driven forward by the hydrolysis of pyrophosphate.

Orotidylate is then decarboxylated to yield uridylate (UMP ), a major pyrimidine

nucleotide.
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PRPP PPi---> 2Pi
Orotate ---------------------- > orotidylate ------------- > uridylate (UMP)

orotate phosphoribosyl orotidylate
transferase decarboxylase

The active forms of nucleotides in biosynthesis and energy conversions are the

diphosphates and triphosphates. Nucleoside monophosphates are converted by specific

nucleoside monophosphate kinases that utilize ATP as the phosphoryl donor. E.g.: UMP

is phosphorylated by UMP kinase.

UMP + ATP UDP + ADP

AMP, ADP and ATP are interconverted by adenylase kinase ( also called myokinase ).

AMP + ATP*2 ADP

Nucleoside diphosphates and triphosphates are interconverted by nucleoside diphosphate

kinase, an enzyme that has broad specificity in contrast with the monophosphate kinases.

E.g.: UDP + ATP r* UTP + ADP

Cytidine triphosphate (CTP) is derived from uridine triphosphate (UTP) the other

major ribonucleotide. An amino group replaces the carbomoyl oxygen at C4.

The other pathway is the salvage pathway. In this uracil from outside the cell is taken up

be the cell and converted to UTP.

Uracil ------------------ > uracil.--------- UMP.---.DPI-___
(outside the uracil (inside the PRPP

cell) permease cell)
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Break cells for enzyme assay

Aim:

The procedure, breaking of cells is done to prepare the sample cell extract that is

necessary for the enzyme assay.

Materials:

Cultures of upp PRS 2000 (- UMP) - Group 1

upp+ PRS 2000(+ UMP ) -Group 2

uppf PRS 2000 ((- UMP)-Group.3

upp PRS 2000 (+ UMP) - Group 4

ATCase buffer

Sonicator

Microcentrifuge tubes

Ice

Pipettes

Micropipettes

Procedure:

1. Each group is given a grown culture.

2. Spin the cells down at 3000 xg for 5 minutes.

3. Pour off the supernatant.

4. Resuspend in lml ATCase buffer.

5. Sonicate for 3 minutes.

6. Spin down the debris at 3000 xg for 10 minutes.



91

7. Transfer the supernatant to another microcentrifuge tube. Keep it on ice. It is now

ready to be used for enzyme assay.
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Protein Assay ( Bradford Method )

Aim:

The protein assay is done to find out the amount of proteins present in the cell

extract by comparing it with a standard ( BSA ).

Materials:

Sample of cell extract to be used for the assay

Coomasie reagent

BSA

Tubes

Pipettes

Micropipettes

Spectrophotometer

Procedure:

Prepare the following samples as follows and read the absorbance of each sample at

595nm. (BSA std concentration = 1mg/ml )

Tube # BSA std (p1) 1 of H20 Coomasie reagent (ml) Absorbance at 595nm

1 0 100 5

2 5 95 5

3 10 90 5

4 25 75 5

5 50 50 5

6 100 0 5
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Plot the values of absorbance vs ug protein (BSA) on a graph paper to obtain the

standard curve.

1. Take four tubes as follows:

Tube 1: 1Osl water 
l

Tube 2: 5s cell extract + 95 l water...

Tube 3: 50p1jcell extract + 50gl water

Tube 4: 1o1 cell extract

2. Add 5mrl of coomasie reagent to each of the tubes.

3. Mix each tube by inverting.

4. Read the absorbance on a spectrophotometer at an absorbance of 595nm.

5. Take the absorbance reading of the cell extract that falls between zero and one and

plot it on the absorbance axis on the graph. Find out the corresponding value for the

protein concentration. This will give the value of the amount of protein in the sample

in pg/ 1.
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Aspartate Transcarbamoylase Assay

Aim:

The aim of this experiment is to detect the presence of aspartate carbamoylase

( ATCase) in the given sample and =the effect of upp on ATCase. ATCase is an enzyme

in the pyrimidine biosynthetic pathway. It catalyzes the formation of¬N-carbomoyl

aspartate from carbamoylphosphate and aspartate. It is produced by two genes - pyrB

and pym-in Pseudomonas while in E.coli it is produced by prB and pyrI. Upp is

thought to control the expression of ATCase in the pathway. So if Upp is present in

increased amounts, the amount of ATCase present would be decreased.

Materials:

Test tubes

Samples of premix

Cell extract

Vortex mixer

Ice

Carbomoylphosphate

Stop reagent

Water bath

Pipette

Micropipette

Spectrophotometer



95

Procedure:

1. Add 400sl of premix into each of the three tubes labeled +, - and test.

2. 2. Add 50sl of appropriate cell extract as follows to each tube:

+ 50s1l control cell extract

- - 50sl distilled water

test : 50sl test sample

3. Vortex to mix.

4. Incubate the tubes at 370C for 3 minutes.

5. Add 50sl of 0.1 M carbamoylphosphate. Vortex to mix.

6. Incubate at 300C for 20 minutes.

7. Add 1.5m1 of stop reagent. Vortex to mix.

8. Incubate at 65C in a water bath ( for the color to develop ) for one hour in the

presence of light.

9. Take the absorbance reading at an absorbance of 466nm.

( NOTE: An increase in yellow color indicates the presence of increasing amounts of

ATCase).

Calculations:

To calculate n moles of carbamoylaspartate formed:

y = 184.85x + 7.3409

x = reading of the sample at an absorbance of 466nm.

y = n moles of carbamoylaspartate ( CA )
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n moles CA / min
Specific activity of ATCase = --------------

mg of protein
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Dihydroorotase Assay

Aim:

This assay is done to detect the presence of dihydroorotase (DHOase) and also to

find out the effect of upp on DHOase. DHOase is an enzyme in the pyrimidine

biosynthetic pathway. DHOase catalyzes the condensation reaction that converts

carbamoylaspartate to dihydroorotate. This reaction can be easily reversed. When a

"stop" solution is added, carbamoylaspartate reacts with it to form a yellow color. The

intensity of the yellow color will indicate the amount of carbamoyl aspartate formed from

dihydroorotate.

Materials:

Cell extract

TRIS buffer (pH =8.6)

EDTA(pH=8)

Distilled water

Test tubes

Vortexer

2.0mM dihydroorotate (DHO) solution in phosphate buffer

Ice

Stop solution

Pipettes

Micropipettes

Spectrophotometer
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Procedure:

1. Take 20sl of appropriate cell extract in 3 tubes marked +, - and test as follows:

+ : 20sl of control cell extract

- : 20 l distilled Water

test : 20 1 test sample

2. Add 200p1 TRIS buffer (1 molar solution) to each of these tubes.

3. Add 200 110mM EDTA to each of the three tubes.

4. Add 1380 l distilled water to each of the three tubes.

5. Vortex the tubes and place at 30 0C for 10 minutes.

6. Place tubes on ice and add 200sl of DHO solution.

7. Vortex the tubes and add incubate at 300C for 20 minutes.

8. Place tubes on ice and add 1.5m1 stop reagent to each tube.

9. Carefully vortex each sample.

10. Incubate at 600C in a water bath in light for 1.5 hours.

11. Read the absorbance of the samples at an absorbance of 466nm.

Calculations:

To calculate n moles of carbamoyl aspartate:

y = 184.85x + 7.3409

x = reading of the sample at an absorbance of 466nm.

y = n moles carbamoylaspartate ( CA )

n moles CA / min
Specific activity of DHOase = ----------

mg protein
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Soil Experiment

Aim:

The aim of this experiment is to identify the different bacteria present in a given

sample of soil sample; whether these bacteria can degrade gasoline, linseed oil and

toluene and whether they can grow on kanamycin and also check if some of the bacteria

found in the sample have plasmids in them.

Materials:

Soil sample

100ml flask

Distilled water

Flasks

Test tubes

TSA plates

Turn table

Bunsen burner

Alcohol

Hockey stick

Pipettes

Micropipettes

TSB culture 5m1 x 10 tubes

Gasoline
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Linseed oil

Xylene

Glucose

Kanamycin ( 50g/ml)

Saline-e

Crystal violet

Gram's iodine

95% ethanol

Saffranin

Glass slides

Cover slips

Inoculating loop

Microscope

Oil immersion

Procedure:

1. Save the lgm of soil and put the rest in the 100ml flask upto the 50 ml line.

2. With the 1gm of soil do serial dilutions as follows:

Flask (F) Ti T2 T3 T4 T5
lgmsoil ml of F iml of Ti lml of T2 lml of T3 lml of T4+ 99m1 ------------ > +9m1-------> +9m1 ------ >+9ml ------ >+9m1---->+9m1
Dilution 1:100 dH2O dH2O dH2O dH2O dH2O
102 10 104c o0s o T e 107

3. Spread plate l00 1 from each of the above five tubes on TSA plates.
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4. Plate Dilution

1 104

3 T 6

4

5 10~

5. Incubate all the tubes at 370C - set A.

6. Do a colony morphology and Grams stain of five different colonies from plates 1, 3, 4

and 5 of set A.

7. Grow up a 5m1 TSB culture overnight, shaking with any five organisms from set A -

set B.

8. In the 100ml flask containing soil, pour

Group 1 : Gasoline

Group 2: Linseed oil

Group 3 : Xylene

Group 4: Glucose + Kanamycin

9. Pour saline in plate 2 from set A and then pour it into the 100ml flask with the soil

sample.

10. Incubate at 37 C for a week.

11. Do serial dilutions and spread plate on TSA as explains before.

12. Incubate the plates at 37 C overnight - set C.

13. Do a colony morphology and Grams stain of any five colonies from set C.
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14. Using the same colonies from set C grow up a 5ml TSB culture overnight, shaking -

set D.

15. Using the TSB cultures from set B and D do a rapid plasnid preparation.

Rapid Plasmid Preparation

Materials:

Soil solution

Vortexer

TENS solution.

Ice

2.0 M sodium acetate (pH = 5.2 )

Microcentrifuge tubes

100% ethanol

TE buffer

70% ethanol

Rnase

Pipettes

Micropipettes

Procedure:

1. Spin 1.Oml of overnight culture for 10-20 seconds, in a microcentrifuge tube to pellet

the cells.

2. Gently decant the supernatant leaving 50-100 l together with the pellet and then

vortex at high speed to resuspend the cells completely.
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3. Add 300pl of TENS, vortex min for 2-5 seconds until the mixture becomes sticky. If

more than 10 minutes is needed before going on to the next step, it is better to set the

samples on ice to prevent them from degradation of chromosomal DNA.

TENS- Solution ( Srnl):

TE buffer 3.875m1

0.1 N NaOH 1.0 ml0.5 M NaOH

0.5% SDS 0.125m1 20% SDS

4.- Add 150s1 of sodium acetate and vortex for 2-5 seconds to mix completely.

5. Spin for 2 minutes in the microcentrifuge to pellet cell debry and chromosomal DNA.

6. Transfer 400-500 l supernatant to a fresh tube.

7. Mix well with 0.9m1 of 100% ethanol that has been precooled to - 200C.

8. Put on dry ice for 5 minutes.

9. Spin for 2 minutes to pellet the plasmid DNA and RNA.

10. Discard the supernatant, rinse the pellet twice with lml of 70% ethanol and dry the

pellet under vacuum for 2-3 minutes at 4 C.

11. Resuspend the pellet in 20-40Q1 or TE buffer or distilled water for further use.

12. Put in the freezer for 5 minutes.

13. Put in the hot water bath at 420C for 2-5 minutes.

14. Add 2pl of Rnase to each sample.

15. Put in the freezer if the sample is not going to be loaded on the gel immediately.

16. Before loading on the gel incubate at 650C for 15 minutes.
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1% Agarose Gel Preparation:

Materials:

Agarose

TAE buffer

Microwave

Balance

Water

Ethidium bromide

Gloves

Electrophoretic tray

5x loading dye

UV radiation

Pipettes

Micropipettes

Procedure:

1. Measure 1gm of agarose.

2. Pour lOOml TAE buffer into it.

3. Weigh it and then heat it in a microwave to dissolve the agarose.

4. Weigh it again and male up to theprevious weight with water.

5. Add 2l of ethidium bromide ( allows the plasmids to be seen as orange bands under

uv light ). This is a mutagenic agent so handle with gloves.

6. Pour the agarose tray into the electrophoretic tray upto about two thirds level.
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7. Wait for the gel to solidify.

8. Pour the TAE buffer in a tray and place the electrophoretic tray with the gel in it.

9. Take 16pl of the sample obtained after the rapid P-asmid preparation and add 4s l of

the loading dye (weighs down the sample and prevents from floating tff asthe DNA

is very light ) to it and flick mix.

10. Load the above samples with loading dye in the wells in the gel

11. Run at 60 volts for l hourand 30miutes.

12. Examine under uv light for the presence of any plasmids.
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Individual Isolation Experiment

Aim:

The aim of this experiment is to isolate and identify bacteria from any source of the

individual's choice.r.;.:.

Materials:

TSA plate

MSA plate I -
Materials needed for Gram staining

Catalase test

Oxidase test

Starch test

Procedure:

1. Take a TSA plate and get a culture from the source of your choice.

2. Incubate the plate at 37 C overnight.

3. Do a colony morphology and Gram staining of the organism grown on the TSA plate.

4. Do a catalase test and oxidase test.

5. Do a starch plate.

6. Grow on a MSA plate.
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Sterile Disc Experiment

Ain:

The aim of this experiment is to ineculate-autoelaved discs, mail them to members

in the class and reculture them to see if the bacteria can survive this method of

Materials:

Filter paper

Aluminum foil

Microcentrifuge tubes

10% glycerol

Tooth pick

Bacterial strains

TSB broth

TSA plate

Bunsen burner

Inoculating loop

Hole punch

Procedure:

1. Cut out discs in filter paper and wrap them in aluminum foil and autoclave the discs.

2. Take 100l of 10% glycerol in a microcentrifuge tube and with a sterile tooth pick

take a bacterial colony and mix with the glycerol
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3. Put 50p1 of this inoculum on the autoclaved disc, wrap in aluminum foil and mail it to

one of youibafhmates.

4. After receiving-adisd-y mail-put'it-in a flaskof TSB broth. - .

5. Incubate overnight at 37 C, shaking.

6. Do the appropriate tests to determine the type of bacteria grown: -
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Antibiotic Sensitivity Experiment

Aim:

The aim of this experiment is to determine whether a given strain of bacteria is

susceptible or resistant to various antibiotics. The method followed was Mueller Hinton

method.

Mueller Hinton Method:

While doing this experiment it is important that certain guidelines should be followed:

- The amount of agar in each plate should be the same.

- Use theO.5 Mc Farland standard.

The Mc Farland standard consists of 19.9m1 of 1% H2SO4 and O.lml of 1% barium

chloride making it a-total of 20mL.

- Incubate at standard conditions.

Materials:

Bacterial suspension

Mueller Hinton plate

Cotton swab

Measuring scale

Forceps

Antibiotic discs - Oxacillin

Aztreopam

Cefoxitin

Erythromycin
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Gentamycin

Tetracycline

Chloramphenicol

Ampicillin

Procedure:

1. Prepare a bacterial suspension.

2. Swab the Mueller Hinton plate with the bacterial suspension with the cotton swab in

three-different directions

3. Using a forceps place the antibiotic discs- on theplate-spacing them out evenly.

4. Incubate at 37 C for 18 hours.

5. Measure thezone of clearing around each antibiotic disc and compare the readings

obtained to the given standard values to determine if the bacteria is susceptible or

resistant to a particular antibiotic.
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AnttMncrobial Disk R I S
Agent Potency Resistant Intermediate Sensitive

____________________ mmmmmr

Amikacin 10 mcg <12 12-13 >13
Ampicillin

Grm-nnegative organisms 10 mcg <12 1213 >13
and enterococci

Staphyloco:ci and peniciIlin-G 10 mcg <21 21.28 >28

10units < 9 9-12 >12

For Pdus spp and s0 mcg <18 18.22 >22

r do50 mg' <13 13-14 >14

y 30zncg <15 >14
F«' 30 « (15 15-17 >17

30 meg c13 13.17 >17
2 m4g <15 15-16 >16

e10 g <9 9.10 >10
15 meg <14 14.17 >17

l'or js. eragi'nes10 <13 >12
30meg <14 14.17 >17

(Clladmnycin) 2 <17 1720 >20

(PmIsiCMas.se : (nc <10 10-13 >13

1m 1 mc <11 11.12 >12
30 am <14 14.18 >18
30 g <13 13.16 >16
00 <15 15.16 >16
30 an g<li 18;21 721

0 amapna1S mod <21 1216 alb

GI Ac2 meg <11 >10Nalehila G
For stap ileci 10units <21 21-28 >28o wthuu miums 10 units <12 12-21+ >21P*ymxlal 3 ualts <9 9-11 >11Rifamspia(for Nesria
"u"b Eu ig o<) S meg <25 >24

Ttacyclm 10 me c12 12.14 >14T1Tetracyclne 30 < 5 15.18 >18
10 meg <12 12-13 >13Trl u 250 mg <13 13.16 >16Vanaycla 30meg <10 1011 >11
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"Knock Out" Gene Replacement Technique

Aim-

"Knock out" gene replacement technique is a sure way of getting mutants. The aim

of thisexperiment is to insert a gentamycin cassette into a pA 10 plasmid and get a strain

of bacteria which is-resistant to gentamycin but susceptible to ampicillin. The pA 10

plasmid is made up of the E.coli puc 18 plasmid and the Pseudomonas aeruginosa gene.

To makea mutation at a certain point in the plasmid, it is cut twice at a particular area

removing a bit of the plasmid and then ligating the gentamycin cassette. The strains of

Pseudomonas used should be Rec A wild type and Res~ (no restriction ). This type is

used so that it can escape the first round of replication.

The crossover-can be a single cross over or a double crossover. In a single crossover the

plasmid is cut at only one place and the entire plasmid gets attached to the chromosome

as a result of which it will have both the ampicillin and gentamycin resistance genes. In a

double cross over, the plasmid is cut in two places and only a portion of the plasmid gets

attached to the chromosome and the resisting strain will be only gentamycin resistant.

Materials:

pA 10 plasmid

Gentamycin (Gm) cassette (1.8 kb)

LB plate with gentamycin ( 250gg/ml)

LB plate with carbenicillin (300pg/ml )

Turntable

Hockey stick
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Alcohol

Bunsen burner

Pipettes

Micropipettes

Procedure:

1. Insert a Gm cassette into a pA 10 plasmid.

2. Spread plate on LB plate with gentamycin.

3. Incubate at 37 C overnight:

4. Using these colonies spread plate on a LB plate with carbenicilhin and a.LB plate with

gentamycin.

5. Incubate overnight at 37(C.

6. These can be run through a PCR to see if the cassette has been inserted in the right

place ( MvrQC' gene ).
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Ligation andElectroporation

Aim:

Theaim of this experiment is to create a blunt end ligation betweena known vector

and insert by exposing them toen appropriate amount of electrical current. The cells have

to beelectrocompetent before being used. Salts like calcium chloride cannot be used to

make the cells competent. The vector used is pA 10 plasmid cut with the restriction

enzyme FSp' L The insert consists of the gentamycin cassette. So if the ligation takes

place the resulting strain of bacteria will be resistant to gentamycin. Another important

factor whiledoing this experiment is the time taken for the current to pass from one end

of the cuvette to the other and is called the tome constant. The time constant that has to

be used varies in different bacteria in order for ligation to take place; e.g.: in E.coli the

time constant is 5-7 seconds while in Pseudomonas it is 9-10 seconds.

Materials:

pA 10 plasmid cut with the restriction enzyme FSP 1

Gentamycin cassette ( Gm)

Ligation buffer

T4 ligase

dd H2 0

Electrocompetent PAO AK 903 - Pseudomonas aeruginosa (rec )

TSB broth

LB plates with 250ug concentration of gentamycin

Electroporation cuvette
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Buffer containing 1mM MOPS and 15% glycerol

Pipettes

Micropipettes

Procedure:

To make cells electrocompetent:

1. Spin down the cells of a given inoculum at 3000 xg for 10 minutes.

2. Resuspend the cells in 45ml buffer (1mM MOPS, 15% glycerol).

3. Spin down. the cells at 3000xg for 10 minutes.

4. Repeat steps 2 and 3 four more times.

5. Resuspend in 250 l of buffer (1mM MOPS, 15% glycerol).

6. The sample is now ready to be used for electroporation.

Ligation Mixture:

1 l vector - pA 10 cut with Fsp 1 (40ng )

2pl insert - Gm cassette ( 200ng )

2 110x ligation buffer

3 l T4 ligase

12l 1ddH20

Total volume is 20 l

Electroporation:

1. Put 20pl of the ligation mixture into the cuvette.

2. Add 1009l PAO AK 903 -Pseudomonas aeruginosa (res~).
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3. Pass current through it for 9-10 seconds.:

4. Add 500,1 TSB broth.=.: .

5. Shake at 370C for half hour.

6. Spread plate 1Ot1i' 10O xl on LB plates with gentamycin.

7. Spin down the remaining sample and do a spread plate with it on a LB plate with

gentamycin.

8. Incubate at 37 C overnight.
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Colony Lift Experiment

The purpose of this experiment is to demonstrate the colony lift technique and to

demonstrate a method for rapidly screening many bacterial colonies to see if they have

the desired recombinant plasmid.

Competent Cells

Aim:

Competent cells are cells that are capable of taking up DNA from another source.

Certain cells are naturally competent while others can be made competent. In this

experiment the bacterial cells are treated with calcium chloride to make them competent.

Materials:

E.coli - DH5oc culture

TSB broth

50ml conical flasks

Ice

0. 1M calcium chloride

Test tubes

Pipettes

Procedure:

1. Grow a 5m1 culture of DH5c in TSB broth.

2. Do a 1% inoculum.

3. Grow cells to an absorbance of 0.2-0.3 at 37C shaking.

4. Transfer the culture to 50ml conicals and keep on ice for 10 minutes.
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5. Centrifuge at 2000 xg for 5 minutes.

6. Pour off supernatant and resuspend the cells in 20m1 of ice cold calcium chloride.

7. Keep on ice for 30 minutes - 1 hour.

8. Centrifuge at 2000 xg for10minutes.

9. Pour off supernatant. Resuspend in lml of ice cold calcium chloride.

10. Swirl gently. Keep at 4C till use.

Digestion and Ligation

Aim:-

The aim.of this part of the experiment is to digest the plasmid pBK 188 with the

restriction enzyme Fsp 1. The digested DNA is then ligated into pUC 18 which is cut

with Sma 1.at a cloning sit in lac Z.

Restriction enzymes are enzymes that are capable of dividing a double stranded

DNA on recognizing a particular sequence of nucleotides. When a DNA sequence is cut,

it can result in the formation of blunt ends or sticky ends.

Sma 1 on recognizing a particular sequence in the DNA cuts it resulting in a palindrome

sequence with blunt ends.

C C C G G G

G G G C C C

ECOR 1 cuts DNA to form sticky ends.

G A A T T C

CT TAAG
t
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However if the nucleotides are methylated the DNA cannot be cut. A blunt end ligation

is more difficult to achieve than a sticky end ligation. In this experiment, what'we are

trying to achieve is a blunt end ligation so that one of the split Fsp 1-fragments will be

inserted into the open pUC 18 plasmid.

Procedure:

Digestion:

Tube 1:- pBK 188 ( 300ng/sl) - 50l total volume

- 1pg DNA (,3.3 l)

-5p1l10xbuffer

- 1l Fsp l enzyme

- 40.7 l dd H20

Tube 2: pUC 18 (231ng/pl) - 20Il total volume

- 1sgDNA(5 l)

- 2l 10x buffer

- 1 1 Sma 1 enzyme

- 12pldd H2O

Incubate both the tubes at room temperature for two hours.

Ligation:

Put the following substances together in a tube: insert, vector, ATP, DTT (keeps the

enzyme intact in the reduced state so that the bond can be formed and the ligase does not
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fall apart) and T4 DNA ligase. For blunt end ligation keep at room temperature overnight

and for sticky end ligation keep at room temperature for four hours.

Transformation

Aim:.

Theaimiof this experiment is to transform the DH5o with the recombinant plasmid

mixture and plate these cells onto LB amp plates containing IPTG and X-GaL Blue

colonies will contain plasmid with no insert. White colonies will contain the recombinant

plasmid.

Materials:

Competent DH5oc cells -

Microcentrifuge tubes

Ligation mixture

Ice

TSB broth

Water bath

LB amp plates ( 1OOjg/ml)

100mM IPTG

2% XGal

Micropipettes

Pipettes

Turn table

Hockey stick
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Alcohol

Bunsen burner

Procedure:

1. Take30s Vof ligationmixture in a microcentrifuge tube.

2. Put on ice and add200tl of competent DH5oc. (Do not vortex as the cells will get

killed ).

3. Keep on ice slurry for 20 minutes.

4. Heat shock by putting in a water bath at 42 0C for 2 minutes.

5. Add 1ml TSB broth.

6. Shake at 37 C for about 1-2 hours.

7. On each of four LB amp plates, spread plate l01 IPTG and 50sI X-Gal.

8. Incubate the plates at 37 C for 10 minutes.

9. Spread plate l0 1, 50s1 and 100sl of the transformant on the LB plates with amp,

IPTG and X-Gal. Spin down the rest of the fluid. Resuspend and plate on a LB with

amp, IPTG and X-Gal plate.

10. Incubate all the plates at 37 C upside down.

Colony Screening Method

Aim:

The aim of this experiment is to find the plasmid with the xyl E insert. It would take

a lot of rapid preparations to find the required one. So in order to rapidly screen all of the

colonies, we do a colony lift and then probe for the plasmid with the correct insert.
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Procedure:

Preparation of membranes:

1. Using tweezers and wearing gloves, place the nylon membrane onto the plate with

colonies, starting at one edge and gently laying it down towards the other .

2. Mark the orientation of the membrane tothe plate by pricking the plate and the

membrane with a needledipped inindia ink.

3. Leave the membrane on the plate for one minute.

4. Carefully peel the membrane away from the plate using tweezers.

5. Again_ carefully lay the membrane down onto a clean LB amp, IPTG, X-Gal plate and

mark the orientation keeping it consistent with the previous plate. This is the replica

plate.

6. Now place the membrane face up on a piece of 3M soaked in denaturation solution.

(the side of the membrane with the bacterial cell / DNA should face up ).

7. Soak for 5 minutes. Do not allow the solution to get on top of the membrane. Only

allow it to be soaked-up through the membrane. ( Breaks open the cells and releases

both the plasmid and chromosomal DNA).

8. While the membrane is soaking, take a second membrane and plate it on the original

plate. Mark the orientation corresponding to previous markings and allow the

membrane to sit on the plate for 5 minutes.

9. Remove the filter paper and soak it up in the-denaturation solution for 5 minutes.

10. Neutralize the membranes by soaking them face up on 3M soaked in neutralization

solution for 8 minutes.
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11. Remove the membranes from the solution and allow them to dry face up on 3M

paper. If using nylon membrane, They may be dried in the oven for 30 minutes at

50 C. It is important that the membranes are totally dry before proceeding any

further.

Labeling Probe: (.This type is calledrandom priming ).

1. Place 2 l DNA (xyl ET) in a centrifuge tube.

2. Add 18 l dd H2 0 and flush down.

3. Boil for 5 minutes.

4. Quickly plunge into ice for 5 minutes. Flush down.

5. Add the following keeping it on ice: 14 l sterile water, 10lj nucleotide mix, 5pl

primer and 1sl Klenow enzyme making the total volume 501.

6. Mix by flicking. Spin for 1 minute.

7. Incubate at 37 C for one hour.

8. Boil it again and quickly plunge it into the ice.

9. Shoot it into the box with the prehybridized membranes.

10. Let it shake at 600C overnight.

Prehybridization of Membranes:

Prehybridization mix:

-5 x SSC ( sodium chloride + sodium citrate )

-0.1% SDS

-5% dextran sulfate ( slows down DNA movement )
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20fold dilution of liquid block

- 100pg/ml denatured salmon sperm DNA

The above ingredients mixed totally in 250m1 water.

Prehybridize the dried membranes in the prehybridization mix at 60 C for one hour

shaking gently. nits

Washing Membranes:

1. 1 x SSC, 0.1% SDS, l5 minutes at 600C.

2. 0.5 x SSC, 0.1% SDS, 15 minutes at 60C.

3. Pour off wash solution.

4. Incubate blots at room temperature for one hour with 500nl of 1 in 10 dilution of

liquid blocking agent in buffer A ( 100mM TRIS HC1, 300mM sodium chloride at pH

9.5).

5. Pour off liquid block.

6. Add anti-fluorescein AP conjugate 250ml ( buffer A + 1.2g BSA + 50ul anti-

fluorescein AP conjugate).

7. Incubate at room temperature for one hour with gentle agitation.

8. Expose them to a film. The labeled colonies will show up.
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Transformation

Aim:

The aim of this experiment is to demonstrate natural transformation. Transformation

isithe uptake ofa:naked DNA molecule or fragment by a cell from-the mediumand the

incorporation of this molecule onto the recipient chromosome. Natural transformation is a

random process by which organisms acquire DNA without any manipulations; e.g.:

Streptococcus, Neisseria, Haemophilus and Acinetobacter. Artificial transformation is a

process by which the cells take up external DNA after their membranes are rendered

more permeable by substances like CaCl2.

The first evidence of genetic recombination was noted by Griffith in the

transformation of harmless pneumococci into virulent one. Avery, Macleod and McCarty

in 1944 demonstrated that DNA was the transforming principle and could be extracted

from the donor strains. The transforming molecules are large ( an average of about 20000

nucleotide pairs ), but during extraction are broken down into smaller molecules. In

"competent" bacterial cultures, transformation usually is about 1%, but under optimal

conditions in Pneumococcus.pneumoniae it may reach 10%. This may be due to the few

transforming molecules that bacteria can take up due to the restricted number of "entry

sites" on the cell wall. The "entry sites" are probably enzymatic processes as

transformation can be prevented by agents that affect enzymes. Incorporation during

transformation is physically direct as demonstrated by fox and others. The transforming

DNA is substituted or exchanged for a homologous section of recipient DNA eliminating

duplication. Harriet Taylor also demonstrated that transformation is reversible. In
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transformation atleast two crossovers are necessary to-permit exchange at each end of the

length of the DNA to be incorporated.

The bacteria used in this.experinent are Acinetobacter calcoaceticus ADP 1, a

wild type strain which can grow on p-hydroxybenzoate (POB) agar plate while

Acinetobacter calcoaceticus ADP 6 lacks the enzyme protocatechuate oxygenase and

cannot grow on POB agar plate. If ADP 6 is able to take up the DNA of ADP 1 ,itwill-

be able to grow on POB agar plates.

Materials:

ADP 1

ADP 6

Lysis buffer

Psmm broth

Water bath

Crude lysate

Lysis buffer ( sodium dodecyl sulfate in saline citrate buffer )

POB plates

PBK189

Plates containing catechol

Turn table

Alcohol

Hockey stick

Bunsen burner
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Pipettes

Micropipettes

Microcentrifuge tubes

Procedure:

1. Take 1ml of ADP 1 and 1ml of ADP 6 in different microcentrifuge tubes and spin

down. Decant the liquid.

2. Resuspend the cell pellet of ADP 1 in 0.5m1 lysis buffer and the cell pellet of ADP 6

in Psmm broth.

3. Spin down. Decant liquid. Resuspend the pellets as stated above.

4. Heat the ADP 1 in a 65 C water bath for one hour.

5. Aseptically make 100 to 10-3 dilutions of crude lysate of ADP 1 in lysis buffer as

follows:

Ti T2 T3 T4

tube with 100pl of T1 100 l of T2 100ll of T3

ADP 1 ---- > + 90014- -----> + 900 1- -----> + 900 1

solution lysis buffer lysis buffer lysis buffer

100 10-1 10-2 10-3

6. Take three POB plates and label them 1, 2 and 3.

7. On POB plates 1 and 3, spread plate 10plO of ADP 6 each.

8. Divide plates 2 and 3 into four quadrants and label them 100, 10-1, 10-2 and 103.
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9. Place a-drop ( l1p) of the different dilutions of ADP 1 in the appropriate quadrants

according to the dilution factor on plates 2 and 3.

10. Incubate the plates at 37 9Csovernight.

NOTE: Repeat the experiment with pBK 18 instead of ADP 1. Instead of POB plates use

plates with catechoL If ADP 6 takes up pBK 18, yellow colonies will be seen.
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Polymerase Chain Reaction

Aim:

The purpose of doing this experiment, polymerase chain reaction ( PCR) is to

amplify DNA. The first person to do this was Kary Mullis. The amplification in PCR is

based on the number of cycles; e.g.: if you start with lOng and do 30 cycles, the

amplification will be 230. PCR has been found to be very useful in genetic engineering, in

forensic medicine when the DNA sample available is very small and to create restriction

sites.

Materials:

pMJS 29 plasmid DNA (4.3ng/ml)

Pseudomonas chromosomal DNA (650ng/jld)

ppN 1137 chromosomal DNA (600ng/pl)

Burkhodena cepacia chromosomal DNA ( 30ng/pl)

ppBO primer

ppB5B primer

PCR master mix

PCR machine

Procedure:

1. Take five PCR tubes and prepare as follows:

Tube 1: lOng ( 2.3pl) pMJS 29 + 1J ppBO + 1 l ppB5B

Tube 2: 1000ng ( 1.5pl) Ps.chromosomal DNA + 11 ppBO + l 1 ppB5B
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Tube 3: 1000ng ( 1.7sl) ppN 1137+ 1pLl ppBO + 1l ppB5B

Tube 4: 23slBurkhodena cepacia + ljd ppBO + isl ppB5B

Tube 5: Control - 23 l water + 1l1 ppBO + ipl ppB5B

2. Add enough water to each tube to make the volume upto 25l.

3. Add 25pl PCR master mix to each tube.

4. Mix by flicking. Spin for half a minute.

5. Go to PCR machine.

In the PCR machine:

Step 1: Denatures DNA. 95C for 5 minutes.

Step 2: Denatures DNA. 95C for 30 seconds.

Step 3: TM = 49 C - The temperature at which two pieces of DNA come together. It is

called annealing. To calculate TM, give four points for every G and C and for every A and

T give 2 points.

E.g.: ppBO - TACCGCGACGACTTCAG - TM =54

ppB5B - ATGAATGGTTGGTGCTC - TM=50

Since the lower value among both is 50, the program is set at 49C.

Step 4: Polymerization takes place at 72C for 2 minutes. Ta polymerase is used.

Step 5: Go back to step two 29 more times for a total of 30 cycles.

Step 6: Polymerization is completed at 720C for 5 minutes.

Step 6: Keep at 4 C.

The amplification in PCR is based on the number of cycles.
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To 25pl of each sample ( 1-5 ) mix 5sl of dye.

Flick mix;and spi i for 5 minutes.

Load in the wells of an electrophoresis tray and run the gel and read under uv light.
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Boomerang Experiment

Aim:

The aim.of this experiment is to see if bacteria that have undergone mutation at

different levels can make use of enzymes from each other and grow.

Materials:.

Salmonella culture

Salmonella y D~culture

Salmonella pyFE culture

E.coli minimal media plate with casamino acids

Cotton swabs

Procedure:

1. Using a sterile cotton swab, streak each organism in a triangular area of the same

minimal media plate making sure the cultures do not run over each other.

2. Incubate at 37 C for 24-48 hours upside down.



PART TWO

.t.
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Preparation of Media

Aim:

The aim of this experiment is to prepare two different kinds-of media -- complete

medium and minimal medium. Complete medium can also be called complex medium.

The exact composition and concentration of each component can vary. E.g.: Lennox agar

( LA) and Lennox broth (LB ). Minimal medium on the other hand is a chemically

defined medium.

Procedure:

Lennox agar:

1. Take the following components in a flask:

Tryptone : lOg/I

Yeast extract : 5g/l

Sodium chloride : 5g/1

Agar : lg/lOOml

2. Make upto the required volume with deionized water.

3. Autoclave for 15 minutes at 121 C and a pressure of 1.5 atm.

4. Add any other substance that is required like antibiotics etc.

5. Pour into the petri dishes - 25m1/plate and let it cool.

Lennox broth:

1. Take the following components in a flask:

Tryptone : lOg/I
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Yeast extract Sg/l

Sodium chloride : 5g/l

2. Make upto the required volume with deionized water.

3. Autoclave for 15 minutes at 121Cand a pressure of 1.5 atm.

4. Add any other substances that need to be added like antibiotics etc.

Minimal media:

KH2 PO4  - 67mM

FeSO4  - 40mM

MgSO 4

(NH4 )2SO4 - 10mM

Glucose - 10-20mM

Agar - 4g/100ml

R.salts - 5ml/1

To make 100ml of minimal media:

1. Take 50rm of 2xPN (phosphate and ammonia) in a flask and 50m1 2x water agar

( water + agar at double strength) in another flask.

2. Autoclave both the flasks.

3. Add other substances like Rsalts, carbon source, any growth factors like aminoacids,

antibiotics etc into the first flask.

4. Mix the contents of both flasks to make upto 100ml.

5. Pour into petri dishes - 2 5ml/plate and let it cool.
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To calculate theamount of a substance that needs to be added:

Required concentration x volume
--------------------

rr------------------------- = Volume to be added
Original concentration ( concentration of the stock )
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Phenotyping Strains

Aim:

As a general rule, before working with any strains of bacteria it is wise to check

their phenotypic traits. This can be easily done by patching or replica plating strains to

media that contain antibiotics or various nutritional compounds that allow their properties

to be-ascertained. The assigned strains of bacteria are:

-P.putida PaW630, trp~(RP1::TOL )

- E.coli JM1O1. "wt" (pBK 189)

-P.putida PpC, wt TOL ( pDK1 )

- E.coli DP2229 pro~, leu~, thi (pBK 489)

Materials:

Bacterial cultures of P.putida PaW630, E.coli JMIOl, P.putida PpC1land E.coli DP2229

Tryptone

Sodium chloride

Agar

Yeast extract

Ampicillin

Kanamycin

Glucose

Neomycin

Carbenicillin

Proline
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Leucine_

Thiamine

Tryptophane

Pipettes

Micropipettes

Bunsen Burner

Petri dishes

Flasks

Cotton

Aluminum foil

Gauze

Procedure:

The following media plates have to be prepared:

m-tol/MM

m-tol/trp0

LA/Ap50

LA/AP5 0 + mso

Glu'0/MM

Glu'0/pro, leu", thi 2.5, Ap

LA

LA/Ap5S+ Nm1.2

LA/Cb
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Do a replica plate of the fourstrains of bacteria on the prepared medium plates. Incubate

at 37 C overnight. Observe and record results.

It.

i. i _ - re+

t i
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Rapid Plasmid Isolation

Aim:

The aim of this experiment is todetect the plasmidsin the given strains of bacteria

axidalso to identify the molecular weight of the plasmid based onits migration distance

on a-geL:

The strains of bacteria-used are: -
-.

Group 1- DP2229 (pBK489 ); JM101 (pBK189

Group 2- DP2229 (pBK489 ); Paw630 (RP1 :TOL )

Group 3- DP2229 ( pBK489 ); PpC1( TOL-).

Group 4- DP2229 (pBK489 ); JM101 (pBK189 )

Group 5- DP2229 (pBK489 ); Paw630 (Rpl: :TOL )

Materials:

Bacterial cultures

Lennox Broth

Buffer (TRIS, EDTA, Glucose) - solution A

Alkaline SDS - solution B

Ice

Potassium acetate

100% ethanol

70% ethanol

TE buffer ( TRIS, Borate, EDTA )

Agarose
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Tracking dye (Bromthymol blue, xylene cyanol, glycerol)

Flask

Microcentrifuge tubes

Pipettes

Micropipettes.

Procedure: -

1. Inoculate the bacteria in 5ml LB and grow overnight.

2. Transfer 1.5ml cells into a microcentrifuge tube and centrifuge for 1 minute.

3. Remove the medium with a Pasteur pipette leaving the bacterial pellet as dry as

possible.

4. Resuspend the pellet by vortexing in 100ul of ice-cold solution A.

5. Store for 5 minutes at room temperature.

6. Add 200s-l of solution B. Close the cap of the tube and mix by rapidly inverting two

or three times. Store the tube on ice for 5 minutes.

7. Centrifuge for 5 minutes at 5000 xg.

8. Transfer the supernatant to a fresh tube. Add 0.9m1 of 100% ethanol. Mix by

vortexing. Stand at room temperature for 2 minutes.

9. Centrifuge at room temperature for 5 minutes.

10. Remove the supernatant. Add lml of ice-cold 70% ethanol. Vortex briefly and then

recentrifuge for 5 minutes.

11. Again remove all the supernatant and resuspend the pellet in 301 of TE buffer.

12. Put in a water bath at 37 C for 10 minutes.
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To prepare the gel add 0.56 agarose in 80ml TBE buffer and dissolve completely . Pour

out the gel in the tray with the comb in place. After the gel has set, remove the comb and

place it the electrophoresis tray and pour TBE buffer till it covers the gel. Take 20sl of

sample and add 5pl of tracking dye to it. Run the gel at 120V for two and a half hours.

To calculate the molecular weight of the plasmid

Draw a graph of log molecular weight vs-log migration distance of known plasmids.

Take the migration distance of the plasmid and find out the corresponding value for the

molecular weight from the graph.
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Transposon Mutagenesis of pBK489

Aim:

One method for physical mapping and location of genes is to mutagenize DNA with

a transposon. This provides both a convenient genetic and'physical marker for mapping

studies.-Transposons are extremely dynamic DNA and are constantly mobile. They

cannot replicate by themselves. They have the propensity of inserting into certain regions

of the plasmids referred to as hot spots. Transposons have genes that allow illegitimate

recombination, i.e. The recombination is not homologous: When a transposon turns on a

gene, the closer it is to the gene the more readily it will be expressed. Tn5, codingfor

kanamycin resistance has been used extensively for this purpose. This strategy will be

used to generate transposon insertions of cloned TOL DNA as contained in pBK489.

Strain DP2229 carries Tn5 in the chromosome. If the antibiotic concentration is

increased, it can be selected for "hops" from the chromosome onto the plasmid.( i.e.

BK489 is a pBR322 derivative that amplifies). In other words by increasing the selective

pressure it is possible to select for transposition onto the plasmid by virtue of its ability to

amplify.

Materials:

DP2229 ( pBK489 )

LA/Ap50 + Nm' 2 plates

Tooth pick

Bunsen burner

Inoculating loop
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Marker

Procedure:

Pick a strain of DP2229 (pBK489) and do 12 patches on a LA/Ap + Nm plate and

incubate. From these colonies, streak 12 individual colonies on LA/Ap + Nm plates and

incubate. These colonies, representing putative mutants in which Tn5has inserted into

the amplifiable pBK489 plasmid willthen.be inoculated in 5m1 LB broth and grown. This

culture will then be used for the crude lysate procedure and the rapid isolation of plasmid

DNA by alkaline lysis - analytical scale.

Rapid Isolation of Plasmid DNA by Alkaline Lysis Analytical Scale

Solutions:

1. Solution A

50.0 mM glucose

10.0 mM EDTA

25.0 mM Tris-Cl, pH 8.0

6.0mg/ml lysozyme.

Note: A stock solution of glucose/EDTA/Tris can be stored indefinitely. The lysozyme

should be added to the amount of solution required for that day shortly before needed and

stored on ice until used.

2. Solution B

0.2 N NaOH

1.0%SDS

Note: This solution should be prepared fresh on the day of use.
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3. 5 M Potassium Acetate, pH approximately 4.8

60.Oml 5 M potassium acetate

11.5m1 glacial acetic acid

28.5m1 distilled water

Note: Although the solution is referred to as 5-M potassium acetate, it is actually 5 M

with respect to acetate and 3 M with respect to potassium.

4. Phenol:Chloroform

1 volume of saturated phenol

1 volume of chloroform

Note: This is normally mixed from the two stock solutions on the day of use.

Procedure:

1. Inoculate 5ml of medium containing the antibiotic or other selective media with a

single bacterial colony. Incubate at 37C overnight with vigorousshaking.

2. Remove 1.5ml of the culture into microcentrifuge tube. Centrifuge for 1 minute at

10000 xg in a microfuge centrifuge. Store the remainder of the culture at 4C.

3. Remove the medium by aspiration leaving the bacterial pellet as dry as possible.

4. Resuspend the pellet by vortexing in 100 l of ice-cold solution A.

5. Store for 5 minutes at room temperature.

6. Add 200 l of freshly prepared solution B. Close the tube and mix rapidly by inverting

two or three times. Do not vortex. Store the tube on ice for 5 minutes.
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7. Add 150sl of ice-cold solution of potassium acetate (pH 4.8 ). Close the tube and

mix by inverting rapidly two or three times. Do not vortex. Store the tube on ice for 5

minutes. Note: Potassium acetate neutralizes the alkali.

8. Centrifuge for 5 minutes at 10000 xg in a microfuge centrifuge at 4C.

9. Transfer the supernatant to a fresh tube.

10. Add an equal volume of phenol:chloroform. Mix by vortexing. After centrifuging at

10000 xg for 2 minutes in a microfuge centrifuge, transfer the supernatant to a fresh

tube. Note: The phenol extraction is used to remove much of the contaminating

proteins from DNA. This is a particularly corrosive solvent:It will damage many

plastics, metals and human flesh. So handle it properly and dispose off properly.

11. Add two volumes of 100% ethanol at room temperature. mix by vortexing.

12. Centrifuge at 10000 xg for 5 minutes at room temperature.

13. Remove the supernatant. Stand the tube in an inverted position on a paper towel to

allow all the fluid to drain away.

14. Add 1ml 70% ethanol. Vortex briefly and centrifuge at 10000 xg for 5 minutes.

15. Remove all the supernatant. Dry the pellet briefly in a vacuum desiccator.

16. Add 30sl of TE (pH 8.0 ) with heat-treated RNase A. Vortex briefly.

17. Store at - 20 C until needed.

18. For agarose gel electrophoresis to detect the presence of plasmid DNA remove 10l

of the solution to a microcentrifuge tube. Add 2.5spl agarose gel electrophoresis

loading buffer. Mix by flicking several times.
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19. Place at 600C for 5 minutes.

20. Analyze the DNA by agarose gel-electrophoresis. (0.6g agarose in 16m1 5x TE buffer

with 64m1 of deionized water).

Note: The mutant DNA/ECOR1 is compared to the control DNA/ECOR1 to find out

where the Tn5 got inserted. when Tn5 gets inserted into a fragment the molecular weight

of that fragment is increased decreasing its migration distance.

Molecular Analysis of Tn5 Induced Mutants

As part of the effort to isolate mutants of cloned TOL genes that carry Tn5 inserts,

inoculate the mutants that wereobtained to liquid LB broth and do a plasmid analysis one

day later - Inoculate each mutant to separate 5m1 tubes of LB broth for and grow

overnight.

Plasmids from mutant strains of E.coli will be detected using the rapid crude-lysate

procedure and analyzed by agarose gel electrophoresis. This will serve to indicate relative

changes in size that have occurred to the native plasmids.

In addition a small amount of the overnight culture will be qualitatively assayed for

the expression of C230 as follows:

1. Remove 0.5ml of culture and spin in a microfuge.

2. Resuspend cells in 0.5ml phosphate buffer.

3. To a clean 13 x 100mm test tube place 0.2ml cells.

4. Add 20-50pl catechol (10mM) and look for the formation of yellow color.

Note: A color change to yellow indicates the production of C230. An immediate color

change indicates that the Tn5 got inserted near the xyl E gene and acts as apromoter
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turning it on to produce C230. A color change after 30 minutes could-be due tothe

catecholithat was added but could also serve as an indicator that the xyl E gene is still

functional. If there was no color change at all, it could mean that the Tn5 got inserted into

the structure of the xyl E. gene thus killing it

The crude lysate from the various mutants will be subjected to restriction endonuclease

digestion analysis as follows:

Component Volume addition
---------------------------------

DNA 17 1

EcoRild

Restriction buffer ('Tris, MgCl2, NaCl) 2 sl
1. Add DNA to a microcentrifuge tube.

2. Add restriction buffer.

3. Add enzyme.

4. Allow the reaction to proceed at 37 C for 2 hours.

5. Stop the reaction by adding 5sl loading (tracking) buffer.

6. Load the entire sample on a horizontal agarose gel for overnight electrophoresis at

30V.

7. Stain the gels and examine for restriction digestion pattern.
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Synthesis of Nucleic Acids During Growth

Aim:

The aim of this experiment is to measure the DNA content in the cell of the given

strains of bacteria and see if the presence of a plasmid will make a difference. Turbidity,

VCN and TCN that are indirect measurements of growth are also measured. The growth

rate constant u can be calculated from 1u2 ( natural log of 2 )/ td ( doubling time ).The

number of cells are measured calorimetrically using the Klett Sommerson Calorimeter.

Talking about the growth of the bacteria refers to the macromolecular synthesis. As

growth rate increases, the ribosome content increases. In order to grow fast, bacteria need

an increase in the ribosomes and thus increase the magnitude of protein synthesis.

Chemostat is a machine used to measure bacterial growth under continuous conditions.

Bacteria require phosphorus for growth and use it primarily for the synthesis of

phosphate compounds such as ATP and nucleotides. Since nucleotides are a component

of DNA and RNA production, incorporation of 32P into these macromolecules can be

used to estimate the content of DNA or RNA in the cell. Furthermore, an estimate of the

number of chromosomes and ribosomes present in the cell can be determined from the

knowledge of the content of RNA and DNA in the cell and total number of viable cells in

the culture.

Procedure:

Two cultures of E.coli JM101, one containing plasmid pBK189 and the other plasmidless

will be set up as per below. One culture will contain 32P-ortho-phosphoric acid and the

other will serve as a control to determine VCN ( viable cell number ).
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Component Flask 1 Flask 2 Concentration

LB 50ml 50m1

32P-P04  0.4m1 - 6.6 x 106 CPM/ml

KH2PO4 (l100mM) iml iml 2mM

Cells iml mi -

Quantitation of Bacterial DNA and RNA:

Inoculate two 50ml flasks with Iml of an overnight culture containing HB101/pkt230.

Add imi KH2 PO4 to yield a final concentration of 2mM in each flask.

Use the culture in flask B to perform VCN and monitor Klett reading at the same time

lml aliquot is removed.

To flask A add 32P04to give 6.66 x i09 cpn/culture.

Remove 501l at time zero and spot on filter to determine eP of entire culture.

Remove two lml samples at zero, one and a half and three hours and place in separate

tubes.

To tube A add 2m1 0.5N NaOH and incubate in 600C water bath for 20 minutes. This will

destroy the RNA. Cool on ice and add 4m1 20% Trichloroacetic acid (TCA). This will

precipitate all the macromolecules.

To tube add 2m1 of 0.7% NaCl and 3ml 20% TCA. This will precipitate all the

macromolecules like DNA, RNA proteins and phospholipids.
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From both tubes A and B, Collect samples by filtration separately: wet filter with 1ml 5%

TCA.:Pour the contents of the tube onto the filter. Wash tube with 10ml TCA two times.

The macromolecules will adhere to the filter.

Wash filter several times with 2:1 chlorofori/methanol ( 5m1 x 2 times) and then with

10ml 5% TCA once. This will wash away the lipids and phospholipids.

Only the DNA or DNA/RNA remain.

Measure cpmin scintillation counter.

Data:

Tube A filtrate=:PO4 incorporated into DNA

Tube B filtrate - Tube A filtrate = PO4 incorporated into RNA.

Isotope Counting:

Start with radioactive atoms ( "P-) which may be part of the molecules. The molecules

may undergo chemical change so that different molecules are now labeled, but the label

is still associated with the original atoms. Neighboring material does not become

radioactive by being bombarded with or absorbing or combining with something that is

already radioactive.

The three isotopes most commonly used for tracer studies in living systems are 3 2 P, 14 C

and 3H ( tritium ). These three are all B emitters and can be detected.

Determination of VCN:

At the designated times (0, 11/2 and 3 hours ) remove 0.5ml of culture and dilute

appropriately to obtain 10-100-colonies per plate. At 0 hours there will be very few cells

in the culture, so it not necessary to dilute too much. the dilution can be done as follows:



151

T1 T2 T3 T4

No Dilution 0.5ml of T1 0.5ml of T2 O .5ml of T3

+ 4.5ml saline + 4.5m1 saline + 4.5ml saline

i~' 10-2 10-3

Plate:0.lml fromeachtube.

10-3 10-4 10-s 10-6

At one aiid a half (ours thee will be some amount of cell duplication, so do dilutions

from 10 to 10~. Similarly for the 3 hour saniple do dilutions from 10- to 10~.

Calculation of Cell Concentration with Petroff-Hauser Counter:

Count the number of cells in 16 squares in three separate fields ( i.e. 3 large squares ).

Average the number per field.

To calculate cell number /ml divide the average number of cells per field by volume.

( volume = 50sm x 50gm x 20 m x 16 squares )

= 8 x 105 sm3

= 8 x 10~ cm3

= 8 x 10~ ml)

Cells/ml x dilution factor = cells/ml in original culture

Calculations:

1. Total 32P will be determined by taking a sample of the culture and applying it directly

to a filter and counting it. This will give total cpn /ml.
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2. Since the final phosphate concentration will be 2 mM the-dpnVumol P04 can be

determined.

3.. From the alkali treated tube of each culture, estimate the amount of 32P incorporated

into DNA.

cpm DNA/ml
- ---------- =smolDNA/ml
cpng mol P04

4. From the other tube estimate the 32P incorporated into both DNA + RNA.

cpm DNA + RNA/ml
------------------------- = mol DNA + RNA/ml

cpngsmol P04

5. smol RNA ( or DNA )/ml x 10 mol/pmol x 300g/mol = grams RNA ( or DNA )/ml

6. Parameters available:

Mass of E.coli chromosome is about 4 x 10 micrograms.

For each E.coli ribosome there is about 3 x 1012 micrograms RNA.

7. So to determine the amount of DNA and RNA made:

grams DNA ( or RNA )/ml
~~~~~~~~~--~-------------------- = # Chromosomes (ribosomes )/mlmass of E.coli chromosome (ribosome )

8. Now to know how many cells are there in the culture obtained from the duplicate LB

culture of each strain set up without 32P:

# chromosomes (or ribosomes )/ml
----------------------------------- = # chromosomes (or ribosomes ) per unit cell

viable cells/ml
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Induction of Enzyme Activity

Aim:

The aim of this experiment is to assay two of the enzymes of the TOL pathway

namely;catechol-2,3-oxygenase (C230) and 1, 2 -dihydroxy-3,5-cyclohexadiene diol

carboxylic acid dehydrogenase (DHCDH). In the case of C230, the formation of

product is measured directly while in DHCDH the reduction of the required cofactor,

NAD+ is measured. To accomplish this first cells must be grown under appropriate

conditions to induce these enzymes and then harvest them before breakage and

preparation of cell extracts for measurement of enzyme activity.

Procedure:

1. Each group will be responsible for preparing the media and growing their assigned

organisms as given below:

Group 1: 6ml PpCl (TOL) |Im-toluates

Group 2: 6ml PaW630 (RPI: :TOL) ||IGlut'0 + m-xylene

Group 3: 6ml E.coli JM101 (pBK189) - xylTE I I Glycerol

Group 4: 6mlE.coli JM101 (pBK189) - xylTE I(LB + IPTG "g'

Group 5: 6m1 E.coli DP2229 (pBK489) ||LB + IPTG 25 'W

Prepare 500ml MM in a two liter flask fitted with a cotton plug and sterilize for 25

minutes.
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2. Inoculation of media: At:2.00 pm prior to the day of harvest, inoculate the flasks with

6ml of each respective organism grown as a starter culture on glutamate only. Allow it to

incubate at 30 C overnight.

3. Harvesting.procedure:

a. Just prior to harvesting, streak the culture to LA to check its purity. Then pour the

contents of the culture into a centrifuge tube and spin cells in a Sorvall GSA rotor at 8000

xg for 12 minutes.

b. Resuspend the pellet in 30m1 phosphate buffer in a tarred 50cc centrifuge tube.

Centrifuge the cells at 10000 xg for 10 minutes and weigh the wet pellet and record the

weight.

4. Preparation of cell extracts:

a. Resuspend the frozen pellet in 2x volume of phosphate buffer and keep on ice.

b. The suspension will then be passed through a French press at 20000 x psi (keep on

ice) (DAK to demonstrate ).

c. Add 1mg ( 100l) of commercial DNase to the sample and allow to stand at room

temperature for 8 minutes.

d. Centrifuge in a SS34 rotor for 25 minutes at 14500 xg.

e. Save the supernatant as crude extract.

5. Enzyme Assays: Remember that the rates of enzyme reactions are a function of

substrate concentration and enzyme provided. So it is always a good idea to perform

assays at saturating substrate levels but limiting enzyme. Therefore in both assays, add
two differentenzyme quantities and show that the rate of reactions can be doubled with
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enzyme concentration. Set up two cuvettes for both assays as per below. One cuvette will

serve as a control while the other will be used to record the actual enzymatic reaction.

C230

Reagent Expt Control umol/rxn.mix
---------------- -------------------

0.05 M KH2 PO4 (pH 7.5) 0.97 0.97 145

0.01 M catechol 0.33 - 0.33

H20 - 0.033

Crude extract 5-10 l 5-101

- Scan the catechol spectrum.

- Add enzyme to both cuvettes.

- Watch for the appearance of an absorption band at 375nm ( yellow ).

- Scan the absorption spectrum of the reaction product (2 -hydroxymuconic semialdehyde

[ 2OHMS ]).

- Activities calculated from and for 20HMS of 33000 M1 cm 1 .

DHCDH

Reagent Expt Control umol/rxn.mix
----------- 

---------- -------------------

Tris buffer100mM (pH 8.0) 0.5 0.5 50

NAD+ 10mM 0.2 0.2 2

Crude diol prep 5mM 0.1 - 0.4

H2 0 0.2 0.3

Crude extract 5-10pl 5-10 l
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- Scan the spectrum of the diol before adding NAD+ to both cuvettes.

- Add enzyme.

- Follow the formation of NADH at 340nm.

- Scan the spectrum of NADH at 340nm

- Activities calculated from and value of NADH of 6220 M~1 cm~1 .

Fractionation of C230:

Aim:

Various methods exist for the fractionation and eventual purification of proteins

produced by bacterial cells. The in this experiment is to fractionate the proteins

containing C230 activity from crude cell extracts. The extent of fractionation will be

ascertained later on by gel electrophoresis.

Procedure:

Two extracts will be fractionated ( half class per each extract ):

- Take lml of each extract and heat in a water bath at 550C for 10 minutes. Spin the

sample in a microfuge tube at full speed for two minutes. Remove the supernatant and

place on ice. Save 200 l for C230 assays and protein determinations.

- Place 0.3m1 of supernatant on a column packed with DEAE-sephacel ( anion-

exchanger).

- Place 0.3ml on a column packed with CM-sepharose ( cation-exchanger ).

- Place the columns into adapters fitted for the SS-34 rotor and centrifuge at 2000 xg for

12 minutes.
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- Collect the elute from each column. Assay and determine the protein content of each

sample.

Modified Lowry procedure for Protein:

This procedure is done to find out the protein concentration and find out the activity

of the enzyme.

The following samples were used:

Group 1: PpC1- crude extract and heat treated sample.

Group 2: PaW630 - crude extract.

Group 3: JM101 ( pBK189) - crude extract and heat treated sample.

Group 4: JM101 (pBK489 )- crude extract, CM Sepharose and DEAE Sepharose.

Group 5: DP2229 ( pBK489 ) - crude extract and PpC -CM and DM sepharose.

Procedure:

Take readings on the spectrophotometer at an absorbance of 750nm of the undiluted

sample and diluted samples.

Using the BSA standard plot a graph of ug proteins vs absorbance.

From the graph find out the protein content of the crude extract, CM and DEAE.

From this calculate the amount of proteins in lL When this is multiplied by the dilution

factor, it will give the value of the proteins in the protein fraction in mg/ml.

To calculate the amount of proteins in the reaction mixture:

- Take the value of proteins in protein fraction mg/ml.

- If the sample was diluted, divide the above value by the dilution factor.

- If 'x' amount of sample was used, multiply by x to get y sg/xpl of protein mix.
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- Since the cuvette contains 1ml of the sample = y pg/ml

- To convert the g to ml divide by 1000 = y mg/ml.

To calculate specific activity in n mol mngi min'-:

jM/min [ sM = nntlp1

protein in 1mlreaction mixture
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Conjugative Transfer of Plasmids

Aim:

Transfer of genetic material in bacteria takes place in three ways - conjugation,

transformation and transduction. Conjugation is a process whereby two cells of different

mating types - the equivalent of sexes - exchange genetic information. This is thought to

occur by way of a physical bridge between the two for which pili are thought to play a

role. Some plasmids are "conjugative"; that is, they encode not only for unique traits such

as antibiotic resistance or biodegradation, but also for plasmid transfer between mating

pairs. In some cases plasmids will even "mobilize" a second plasmid if present.

Conjugative transfer of plasmids can be measured by plating mating mixtures to selective

media following genetic mating.

In this experiment the conjugation frequency of the RP1: :TOL plasmid will be

measured under different selective conditions. In addition, it will be determined whether

it is possible to detect any genetic transfer of the pBK489 plasmid. The strategy for

genetic mating experiments is to develop a selection procedure that allows one to observe

plasmid transfer by observing the transfer of phenotypic traits.

The strains of bacteria that will be used for this experiment are:

Donor(s):

PaW630 (RP1: :TOL) - TOL genes

- Ampr, Kmr, Tcr

-trp
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E.coli DP2229 ( pBK489 ) - lower TOL genes

- pro~, leu~, thia

PpC14 - TOL genes

auxotrophic

- le~, ileu~, val; his

Recipient(s):

Pp503CA - no plasmid

- phototrophic

E.coli JM101 (pBK189) -Ampr

-xylE+xylT

Procedure:

Cells will be mated by contacting them on agar plates. After conjugation, they will be

harvested and plated to selection media.

Plate matings to be set up:

Group 1: DP2229 x JM101 - 1 LA plate/spread

DP2229 - 1 LA plate/spread

PaW630 - 1 LA plate/spread

Group 2: PaW630 x JM101 - 1 LA plate/spread

JM101 - 1 LA plate/spread

Group 3: PpC14 x 503CA - 1 LA plate/spread

PpC14 - 1 LA plate/spread
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Group 4: PaW63O x 503CA - 1 LA plate/spread

503CA 1 LA plate/spread

Plating Protocol::.:

group Tube to be plated

1 Mating mixture

DP2229 x JM101

Donor ( DP2229 )

Mating mixture

PaW630 x JM101

Recipient (JM11l)

Mating mixture

PpC14 x 503CA

Donor (PpC14)

Medium

LA

Glu'0 /Km 0

Glu'0 /Amp3 o

LA

LA/Kmso

LA/Ap50

Glu/Km 0

Glu/Apso

Glu1 0/Km5

LA

LA

Glu10/Km 0

Glu'0

LA

m-tol-s

LA

2

3

Dilution Plated

10-7,10-g

10-1, 10-2

101, 10-2

10-7, 10

106, 10~, 10~5

10, 10-7, 10-

10~1, 102

10~i; 10-2

,10-2 10-3, 10 4, 10-5

10-7, 10-8

10~7, 10-8

10-1, 10-2

10~7, 10-8

10-7 , 10-8

10-1, 10-2, 10-3, 10- 10- 5

10-7, 10-8



m-tol5

m-tol5/aa

Mating mixture m-tol5

PaW630 x 503CA

Recipient (503CA) LA

10~1,10-2, 10-3

10-5, 10,10~1

10-2, i0- 3 i0, 10-5

'l~, 10~1

10-7, 10-8

m-tol5  10-1, 10-2

Add 1-2.5m1 of sterile 0.85% saline to the surface of the mating mixture plate and scrape

off the cells placing them into a sterile test tube. Repeat so that the final volume of cell

suspension is 5mL. Repeat this procedure for the donor and recipient separately.

Centrifuge the suspension in a desk-top centrifuge at 3000 xg for minutes, pour off the

supernatant aseptically and resuspend the pellet in 5m1 0.85% saline. The suspensions are

now ready for dilution and plating.

Plate the cells to the plates outlined above and incubate all the plates at 300C.

Count colonies on LA plates.

# transconjugants/ml
Conjugation Frequency = ----------------------

# donor cells/ml

4

162
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Plasmid Extraction and Purification

Aim:

A variety of techniques have been described for the isolation of plasmids from

bacteria. Most of these take into account the differences in density between the plasmid

and chromosomal DNA. Usually a procedure involving the use of a strong base to

denature the chromosomal DNA is incorporated along with the steps to remove it -through

a combination of salt treatment and centrifugation. Two different plasmid isolation

procedures will be employed for theisolation of moderately large plasmids from

Pseudomonas ( about 100kb) versus small plasmids fromE.coli( about 2-20 kb).

In this experiment the plasmid DNA is separated from the chromosomal DNA and

purified. The separation of DNA is done by equilibrium density gradient centrifugation

i.e. the DNA is separated based on the differences in density.

Procedure:

Plasmid Extraction and Purification from E.coli:

A. Lysis and Clarification:

1. Inoculate and grow JM101 (pBK189).

2. Harvest 1 liter of cells at 7500 xg for 12 minutes.

3. Resuspend the cells in 12m1 of 25% sucrose solution containing 0.05 M Tris-HCl,

pH 8.0.

4. Add lml of lyzozyme solution ( 5mg/ml in 0.25 M Tris-HCl, pH 8.0 ) followed by

2m1 0.25 M EDTA, pH 8.0.
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5. Wait for 5 minutes and add 8ml Triton detergent solution (2% Triton X-100 in 0.05

M Tris-HCI, pH 8.0, 0.0625 M EDTA).

6. Hold at 0C for 5-15 minutes.

7. Clarify by centrifugation- -15 minutes.at 40000 xg in Ti60 rotor.

B. CsCI Gradients:

1. 8m1 of cleared lysate is mixed with 8g CsCl plus ml ethidium bromide ( 5mg/ml in

H2 0).

2. Transfer to centrifuge tubes. Centrifuge to equilibrium at 40000 xg for 40-60 hours

in DuPont Sorval T-1270 rotor.

Pseudomonas Plasmid Isolation Procedure:

A. Lysis and Clarification:

1. Inoculate and grow PaW630 (RP1: :TOL) in LB.

2. Harvest cells in a GSA rotor, 7000rpm for 20 minutes.

3. Resuspend pellets in 25m1 Tris-sucrose per liter culture.

4. Add 5ml of 5mg/ml lysozyme dissolved in 0.25 M Tris (pH 8.0). This solution

should be prepared fresh.

5. Incubate on ice in refrigerator for 20 minutes.

6. Add 5ml 0.25 M EDTA (pH 8.0) at room temperature.

7. Add a mixture of 12.5m1 5M NaCl and 10ml Sarkosyl-DOC at 100C. Swirl gently

while adding this solution. Let it sit for 1 minute.

8. Incubate for 2 hours on a ice bath.

9. Spin for 30 minutes at 27000 xg (T647.5 rotor ).
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10. Pour the liquid supernatant into a 250m1 graduated cylinder being careful not to

dislodge the loosely adhering gelatinous pellet.

11. Add 0.25 volumes 50% PEG-6000, which will precipitate the DNA.

12. Mix and store in the refrigerator overnight in the cylinder.

13. Spin in a GSA rotor for 10 minutes at 10500 xg.

14. Resuspend in 15ml TES buffer and swirl gently ( TES = Tris + EDTA + Salt ).

B. CsC1Gradients:

1. Add 1.05 g/ml CsCL

2. Add 4mg/ml ethidium bromide dissolved in TES. Use lml per 8ml plasmid solution.

Transfer to centrifuge tubes, them crimp.

3. Spin in ultracentrifuge at 40000 xg for 40 hours using T-1270 rotor.

Collection of Plasmid Bands from CsCl Gradients:

1. Insert a 20 G hypodermic needle in the top of the centrifuge tube. Insert another 20 G

hypodermic needle directly below the second band in the centrifuge tube. ( The

second band is the plasmid that is covalently closed circular DNA ). Carefully extract

the plasmid DNA only.

2. Transfer the plasmid DNA to a sterile test tube.

Note: Sterilized equipment should be used in the rest of the procedure.

Ethidium Bromide Extraction:

1. Wash the plasmid DNA by adding approximately as equal amount of butanol

saturated with TE. (Ethdium bromide will diffuse into the butanol changing the

butanol red ).
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2. Using a Pasteur pipette draw off the upper layer containing the butanol and ethidium

bromide.

3. Continue washing the plasmid DNA in this manner till the upper layer remains clear,

indicating that the ethidium bromide is no longer present in the plasmid DNA.

Dialysis Against TE:

1. Place a single layer of dialysis tubing across the top of each of the microcentrifuge

tubes. Secure the dialysis tubing with a rubber band. Place a plastic Pasteur pipette

against the outer surface of the microfuge tube and secure it to the microfuge tube

with a rubber band. Label the Pasteur pipette with your name.

Note: The dialysis tubing is permeable to CsCl and impermeable to large

macromolecules like DNA. Thus, CsCl will move into the TE buffer and DNA will

remain in the microfuge tube.

2. Place the microfuge tubes into a beaker containing a minimum of 1 liter of TE buffer

( 10 mM Tris + 1 mM EDTA ) for 24 hours. During the 24 hours, the TE buffer

should be changed twice.

3. Transfer aseptically the contents of each microfuge tubes to a sterile Falcon tube.

Freeze the Falcon tubes to keep the DNA from denaturing.

4. Determine the DNA concentration by reading the absorbance at 260nm.

5. Run a small amount of sample on a gel to determine the extent of contamination by

chromosomal DNA.
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SDS - Polyacrylamide Gel Electrophoresis of Proteins

Aim:

The separation of proteins is always carried out in polyacrylamide gels under

conditions whereby the native protein is disassociated into its individual subunits or

polypeptide chains. This is most usually accomplished with the strongly anionic agent,

SDS ( sodium dodecyl sulfate ). Polypeptides will migrate in an electrophoretic field just

as will DNA with the migration distance being related to the size of the peptide and

independent of its amino acid sequence. Thus, it is possible to estimate the molecular

weight of a polypeptide chain by including size standards on the gel.

Procedure:

1. A mini-gel (7 cm x 8 cm) will be poured up for you by the TA's (12% acrylamide

in Tris 0.25 M [ pH 8.8] containing 0.1% SDS ).

2. After the gel has solidified a stacking gel will be poured onto the resolving gel ( this

is called discontinuous SDS-PAGE ) prepared as described in #1 above containing 10

wells for the addition of samples.

3. Protein samples (2-5 l) will be denatured by heating at 950C for 3 minutes in

solubilizing buffer (3 jl) containing 150 mM Tris buffer (pH 7.8 ), 150mM

dithiothreitol, 21% glycerol, 0.003% bromphenol blue, and 6% sodium

dodecylsulfate. DDH2O (4 sl) will be added to the denatured sample ( about 12 pl,

20 pg proteins) and the sample applies to a 1 cm, 4.5% stacking gel and samples

electrophoresed at 4 C for 1 hour.
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4. Protein molecular weight standards ( denatured ) will also be added (3 ml

commercial standards plus 3 ml solubilizing buffer plus 6 ml DDH2O) including:

Myosin (H-chain) 200,000

b-galactosidase 116,250

Phosphorylase b 97,400

Bovine serum albumin 66,200

Ovalbumin 45,000

Carbonic anhydrase 31,000

Soybean trypsin inhibitor 21,500

Lysozyme 14,400

5. Electrophoresis will be carried out at 4C and 200 volts for 60 minutes.

6. After electrophoresis the gel will be removed from the casting apparatus and the

protein band developed by staining with Coomasie Blue reagent. Stain gel for 30

minutes in 0.1% Coomasie brilliant blue R-250, 50% methanol and 7% glacial acetic

acid. Then destain overnight in 20% methanol, 7% glacial acetic acid and 3%

glycerol.

The samples that are loaded are:

PpCl - not heat treated

- heat treated

JM101 (pBK189) - not heat treated

- heat treated

- glycerol
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PaW63O - crude extract

Two protein samples from previous experiment.
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