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PREFACE.

The exercises detailed in this book are those which are
followed in the writer’s classes in preparation for the Degree
of Applied Chemistry in the University of Glasgow and for
the Diploma in the same- subject at the Roval Technical
College, Glasgow. In the study of Chemistry there are many
avenues of research which are closed to the intending in-
vestigator owing to a -lack of knowledge of the elementarv
principles of bacteriology. It is hoped that this small book
will suffice to give the trained chemist enough guidance to
enable him to master the general principles of this subject,
preparatory to the investigation of problems of a purely
chemical nature which owe their incidence to the activities
of bacteria and other micro-organisms. The writer knows
from his own experience again and again that Works Chemists
have been brought to a standstill in the prosecution of their
work when confronted with a problem of vital interest to their
employers which thev cannot tackle, not from want of chemi-
cal training, but from ignorance of the rudiments of Bac-
teriology.  Whilst the general aim of this book has been
directed towards satisfving the needs of chemical students,
the exercises are suitable for all who desire to obtain a
grounding in the general principles of the subject, no matter
from which angle thev propose to approach the subject in
their subsequent investigations.

Royal Technical College, Glasgow. David Ellis.
Jan. 1923.






CONTENTS.

CHAPTER

I

IL

IIL.

V.

VI

VIIL

VIIL

IX.

Bacteriological apparatus, Steam-steriliser: Hot-air
oven: Autoclave: Incubator: Small apparatus requir-
ed by each student: Hints to students . .
Preparation of Nutrient-media. Sterilisation of Ap-
paratus . . . . . . . . . . 0. 0. .
Agar-plate culture: Agar-slope culture: Gelatine-plate
culture: Gelatine stab culture: Gelatine shake culture:
broth culture. Revision o e e e

The Staining of Bacteria. Use of Aniline dyes. Pre-
paration of Stains. Dry-film staining. Wet Staining.
Irrigation dry-film method. Hanging-drop preparation

Identification and' Staining of Spores. Staining of
cilia. Germination of Spores. Capsule staining.
Contact preparation

Reserve food materials. Volutin, glycogen and oil-
globules. Gas production. Acid production. Indol
production. Milk cultures .

Anaerobic bacteria. Methods of plating and of cul-
tivating anaerobic bacteria. Methods of estimating
the size of bacteria and of other minute objects.
Production of H,S in bacteria. Milk Cultures

The Isolation of bacteria from soil, from hay-infu-
sion and from air. Counting of Colonies. Estima-
tion of rate of movement of bacteria. Medium for
cultivation of chromogenic bacteria

Examination of Drinking Water. Identification of
Bac. coli communis. Total count of bacteria in

- drinking water. Methods of search for Bac. enteri-

tidis sporogenes . . . . . . . . . . L.

PAGE

34

42

52

63

78

86



yur

' CONTENTS

CHAPTER

X.

XL

XIL

Methods of Examination of Sewage. Dilution of
Sewage: Total-count: Number of Bac. coli in Sewage:
Indol-tests: Examination for Bac. enteritidis

Yeasts: Nutrient-media: Structure of Yeast: Gas-
production: Examination of Gas: Alcohol Production:
Pure Culture methods: Preparation of marked cover-
glasses: Moist-chamber experiments: Fermentation
of Sugars: Determination of efficiency of Yeasts:
Preservation of Yeasts

Moulds: Examination of impure Mucor: Examination
of impure Penicilium: Germination of spores: Me-
thods of spore-location: Pure culture of Mucor
mucedo: Culture-media for Fungi: Identification of
commoner Moulds: Acidity-changes produced by
moulds: Infection of fruit with mould

APPENDIX ,
INDEX

PAGE

95

106

117
127

129



CHAPTER 1.

Bacteriological apparatus, Steam-steriliser: Hot-air oven:
Autoclave: Incubator: Small apparatus required by each
student: Hints to students.

Bacteriological Apparatus: Hints to Beginners.

An ordinary chemical laboratory contains most of the
apparatus in use in laboratories for the culture of micro-

organism. Some special apparatus is re-
quired, however, and it is recommended
that the following be procured.

(a) Steam- Sleriliser. Any vessel
containing water and provided with a
1id will serve as a steam steriliser. When
the vessel is heated from underneath,
the steam which arises fills the space
inside the vessel and sterilises any ap-
paratus which is placed inside. In
practice the vessel is made of a cylindri-
cal form, lined with felt or asbestos on
the outside, and provided with a per-
forated false bottom on which the ap-
paratus to be sterilised is placed. An
example of a steriliser of this kind is
shown in Fig. 1.

In some forms of the apparatus
there is a double wall and the steam
after filling the chamber is made to issue

Fig. 1. — Steam steriliser.

between the two walls, returning to, and being condensed

in, the water from which it issued.

Ellis’ Practical Bacteriology.

This arrangement
I



2 Bacterdological Apparatus: Hints to Beginners.

prevents a proportion of the steam from issuing into the
room. If possible steam sterilisers should not be placed in
‘the working laboratory.

1f there are only one or two small things to be stenhsed
a fairly large pan, e. g. saucepan fitted with a lid can be used
as a steam steriliser. An inch of water is placed in the pan,
a soup-plate upside down is
placed in the water, and the
objects to be sterilised are
set on the upturned bottom
of the soup-plate,
—— (b) Hot-Air Oven. Any
sheet-iron box will serve the
purpose, so long as the
sheets are not fixed together
with solder, and can stand
heat without coming apart.
(Fig. 2.)
\ (c) Auloclave. This ap-

paratus is a steam steriliser

from which the steam does
not escape when the con-
tained water is heated with
the result that the pressure
inside the vessel greatly
increases. As the boiling point of water is dependent
on the pressure, being higher with increased pressure, this
prevention of the escape of the steam results in the tempera-
ture of the water rising far above 100° C.—its boiling point
at ordinary pressure—before beginning to boil. Attached to
the strong lid is a pressure gauge. Knowing the pressure the
boiling point of water at that pressure is known from the
tables. A safety valve is also attached to the lid, and opens
to allow the escape of the steam when the pressure becomes
too great for safety. Finally there is an opening in attach-
ment to the safety valve which can be opened or closed by a
small screw placed by its side. The various parts of the
commonest type of Autoclave are shown in Fig. 3.

Fig. 2.—Hot Air Oven,
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Some care must he exercised in working this apparatus.

Prmeul as follows:—

. Place 2 or 3 ins. of water
in Autoclave, put in ob-
ject to be sterilised, then
light the burner, keeping
the 1id loose on the top
until the chamber is
filled with steam.

. Clamp on the lid.

. The steam should now

be issuing from the vent

near the safety-valve

(Fig. 3). Close this vent.

Whenthepressure-gauge

indicates a  pressure

which shows that ‘the
temperature of the steam
lies between 140 ° C. and
160° C., a further 10 or

15 minutes should be

allowed, when sterilisa-

tion may be assumed to
have been effected.

. Open the small vent at-
tached to safety-valve
(Fig. 3), taking care not
to stand in front of it
when doing so.

0. The steam comes  out
with some force. Wait
until the pressure is re-
lieved then put out the
burner.

7. After cooling, open the
autoclave.

(d) The Incubator.

W

w

Ut

An

Fig. 3.——Autoclave, As the lid is clamp-
ed down in such a way that the steam
is prevented from escaping, the pressure
rises rapidly. This pressure is measured

y the gauge A. C is lever of safety-
valve which opens if the pressure be-

comes too great. B is lever which is used
for clamping down the Hd D so tightly
that no steam escapes In using the
apparatus the steam is allowed to escape
for some time through the opening which
is opened and closed by turning E be-
fore being shut off, in order to ensure
that the steriliser is full of steam. When
the operation is finished the pressure is
released by opening the same vent. As
the steam comes out with great force care
must be taken not to stand in front of
the autoclave when this vent is opened.

incubator is a vessel which

contains some arrangement for keeping it at a fixed tempera-

1*



4 Bacteriological Apparatus: Hints to Beginners.

ture. The principle under which all efficient incubators work
is the same throughout the various types viz. that an increase
in the temperature of the vessel produces some effect which
cuts off the source of the heat. Not altogether, however, for
a bye-pass is present which keeps up a small flame when the

LewlerA J})ivut Lever B

AN

N

Fig. 4.— Diagrammatic representation of the parts of a gas-valve regulator. The
boiling o? the liquid in the capsule raises the lever B and depresses the lever A,
This closes the valve through which the gas is issuing. The burner is now fed only
by the bye-pass. When as a result the temperature falls, the lever B is depressed
and the lever A is raised with the result that the gas flews through the valve once
more, It is clear that the temperature of the incubator will be approximately the
temperature of boiling of the fluid in the capsule. A slight variation can be obtained by
shifting the sliding-weight along the lever making this more or less difficult to be raised.

main source of heat is cut off. The vessel cools as a result
of the cutting off of the main supply of heat. As this supply
has been cut off by the expansion of some substance, the
cooling of this substance naturally brings the main supply once
more into operation. In this way the temperature cannot
go up very far for the main supply is cut off when the
temperature reaches a certain point, and cannot go down very
far for a lowering of temperature brings it once more into
operation,

By far the best of these gas-valves is a type in which
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the regulation of gas is effected by a small disc like capsule
containing a liquid which boils at a certain fixed temperature.
The gas-valve shown in Fig. 4 illustrates this type. Sce also

Fig. s.

Fig. 5. Regulator of Hearson’s.
burner, B to D the lever.
S Screw ncedle,

Incubator. A Inlet for gas,
G Pivot on which lever works.

C Outlet for
P Millhead Screw.

Choice of temperature for cultivation of organisms.

Every organism has its minimum,
optimum and maximum temperatures
of growth. It
the aim of the student to grow a
microorganism as near to its optimum
temperature as possible. It must be borne
in mind, however, that most organisms
will grow at the ordinary temperatures
ot the room, only growth will not in the
majority of cases be quite as pronounced
as when the organisms are placed inside
an Incubator set at a slightly higher
temperature. The following temperature-
list will serve as rough guide.

Pathogenic bacteria 37° C. (The temp.

of the body.)

Non-pathogenic hacteria 28° C.—32° C.

Yeasts 259 C.— 289,

Moulds 30° C.—40° C.

should thercfore be .

Fig. 6. — Apparatus for
keeping sterilised water.
Water comes out from the
tube B, and the air which
displaces the escaping
water comes in through
the tube inside A. Both
ends (A and B) must there-
fore be protected. End B
is placed in a tube con-
taining alcohol. End A
is covered by a tube con-
taining usually cotton wool,
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Chotce of temperature for -cultivation of organisms.
All micro-organisms do not begin to grow or cease to grow.
or grow at their best at the same temperatures., Care should
be taken to select an Incubator with a range of temperature
which includes the optimum temperature of growth of the
class of organisms which it is intended to cultivate.

(e) Jar for holding Sterile Water. A very efficient
apparatus is that shown in Fig.6. The all important object
is to prevent the water which has been sterilised from
receiving subsequent contamination from the micro-organisms
of the atmosphere.

(f) Wire Cages. Different forms are shown in Iig. 7.

(8) Special Apparatus for Sterilisation and subsequent
protection of Petri-dishes. (Fig. 8.)

(h) Apparatus that should be in the possession of each
student.

1. Half a doxen Petri-dishes. (Fig. 9a.)

2. Platinum needle and Platinum loop. The Platinum
should not be less than 0.015 inch in thickness and
should he from 2 to 3 inches long. (Fig. 9b.)

Smith and Durham Fermentation Tubes. (Fig. gc.)
Two or three doxen Test.-tubes.

A few Erlenmeyer Flasks (500 c.c. and 250 c.c. Fig.gd.)
Graduated Pipetles.

A few Beakers (500 c.c. and 250 c.c.).

Two or three Hansen-flasks. (Fig. ge.)

Glass Slides and Coverslips. The coverslip must not
be so thick that a high-powered lens e.g. a 5 im-
mersion lens cannot be brought into focus with the ob-
ject that it covers.

On the other hand if they are very thin the number
of casualties during the process of cleaning may be very
great.

10. Receptacles for Glass Slides and Coverslips. When
not in use these articles after being cleaned should be
kept in alcohol and taken out only when about to be
used. Small glass vessels with ground glass stoppers

O XN o
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Fig. 8, — Petri-dish Holder., The Petri-dishes are placed in the rack (on left-hand
side) the whole being then placed inside the cylindrical vessel, During the period
of sterilisation the lid is turned until the hole in the lid is on top of the hole in the
lower vessel, After completion of the process of sterilisation a small turn is given
to the lid in order that the holes may not be superimposed. This completely cuts off
communication with the outside, thus diminishing the risk of contamination from
atmospheric organisms,



II.

12,

13.

14.
1s.
16.

17.

18.
19.

20.

21

22.

2

24.
25.

20.

27.

Bacteriological Apparatus: Hints to Beginners.

and wide mouths should be used. Examples are given
in Fig. of,

Two or three Drop-boltles. A very convenient form
is shown in Fig. 9 g. When in use the stopper is turned
so that there is no communication between the contents
of the bottle and the outside air.

A pair of pincers. The fingers must never come in
contact with the flat surface of a slide or coverslip.
These must be lifted either by their edges with the
fingers ,or with the aid of a pair of pincers.

A rough duster for general cleaning and a soft one, e. g.
an old silk handkerchief or a chamois leather duster
for cleaning lenses and coverslips.

Glass-pencil.

Horn spoon.

Two or three glass rods with rounded ends.

Receptacle for sterilised test-tubes, e. g. a cigar-box. The
receptacle must have a covered lid. Better, however, is
the receptacle shown in Fig. gh.

A box to hold unsterilised test-tubes.

Pair of scissors.

Two or three glass tumblers.

Labels.

Litmus paper (Red and blue).

Canada Balsam dissolved in xylol.

Cedar-wood oil.

Bottles containing xylol, alcohol, and the various
reagents used in the staining of bacteria.

Microscope.

Rest for platinum necedle and loop (Fig. 91).

Hints. Before commencing practical work, the student

would do well to realise that there is probably no subject in
which' so much time can be wasted through want of foresight.
The chief reasons are.

I,

The necessity of incubation puts a period in many cases
to a certain class of exercises, and as incubation takes
time, the exercise cannot often be finished on the same
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Fig. 9b. — Upper = Platinum loop, Lower == Platinum need'e.

Fig. gc.— Left ~.: Smith Fermentation Tubes,
Right == Durham vy Tube, .
In the Durham tube a small test-tube is placed in the
inverted position inside the liquid in a layer test-tube,

(G

Fig. 9d. — Erlenmeyer Flasks,
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day as it was begun. A student is therefore ‘held up’

unless he has the resource to make provision for profit-

ably filling up the time during the period of incubation.

2. Much time is wasted in laboratories because when the
student starts an exercise he finds that all the material
necessary for the exercise has not been sterilised. He
is again ‘held up’ until the necessary sterilisation has
been accomplished.

Hence, never be without sterilised test-tubes, petri-
dishes, and flasks, although these may not be immediately
wanted.

It is necessary to plot out beforehand the exercises that
are going to he attempted during the forthcoming two or
three weeks, and provision must be made beforehand for the
necessary supply of sterilised material. When an exercise
cannot be immediately proceeded with because the material
must be incubated, another exercise should be begun. Thé
choice of exercise will be greatly facilitated if there is plenty
of sterilised material at hand. Failing sterilised material
much time can be profitably filled up by practising the art of
staining in its various applications.

Never sterilise in the hot-air oven any glass ware that
is not dry.

Bear in mind that the dust in the air contains many
microbes and that therefore operations involving the opening
of flasks, dishes etc. which contain culture-media, must be
done as quickly as possible to prevent contamination by the
atmospheric microbes. It is a good rule to remember that
there are more microbes on the table than in the air, and
more generally on the floor than on the table. Hence the
stoppers of flasks, and the platinum needle (or loop) should
not be placed on the table during the period when the hands
are occupied in transferring material from one flask to
another: or in transferring bacteria from one test-tube to
another. (See Note or page 23 and Figs 15, 53, 54, 55.)

Never lift a Platinum needle during an exercise without
sterilising it, and never put it down again without sterilis-
ing it. : '
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Fig. ge. — Hansen Flask.
The lower part is an ordinary flask with a ground neck.
The upper erection is the hollow stopper, ground in the
lower part to fit the neck of the flask and plugged with
cotton wool in the upper part,

Fig. of. — Different types of bottles for holding stains,
Canada-balsam, cedar-wood oil etc,
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i
i)

Fig. 9g. — Drop-bottle. When the Fig. gh.—Receptacle for holding

groove A is in one position, the liquid sterilised pipettes. burettes etc. 1t

- flows out readily drop by drop. When is made on exactly the same
the groove is in any other position the principle as the Petri-dish holder
liquid in the bottle is hermetically closed. (Fig. 8).

/vvvv

Fig. 9i,—Rest for Platinum needle and Platinum loop.
Prevents contact of platinum with surface of table.

It is a bad fault to have water on the microscope-table,
~or on the upper side of the coverslip.

If the immersion-lens is used and cedar-wood oil placed
on the lens, this oil should he cleared off, with xylol at the
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close of the observation; but care should be taken that the xylol
does not remain longer in contact with the lens than is
necessary as this substance weakens the lens fittings.

Bring in as little dust as possible into a laboratory and
wash out what is already there as often as possible.

A large amount of work is saved by cleaning glass slides
and coverslips immediately after the exercise involving their
use is finished.

Clean the eye-piece and objective of a microscope with
a soft duster. If the view is not clear, examine first the top of
the eyepiece and then the bottom of the objective. Careless
handling often results in some water escaping from under
the coverslip to the top of it, with the result that when the
objective is brought down it establishes contact with this
water and spoils the view.

Observe the object in focus in the microscope with both
eyes open. This can be done with a little practice and is
much more comfortable than the method of screwing up the
face and closing the eye that is not looking down the tube.

Avoid contact of the microscope with all acids, alkalies
and other substances that affect metals and glass injuriously.

Write notes at every stage in the work, and make
drawings where possible. Enter up the notes in the book
before some of the details are forgotten.



CHAPTER II.

Preparation of Nutrient-media. Sterilisation of Apparatus.

Exercise 1. Preparation of Nulrient-Gelatine.
Make up the following solution. (No. L)

Gelatine . . . . . . 50 grams
(cut up mto Small pieces)
Water . . . . . . . .300 c.cC.

Place in a flask. Plug flask, heat until gelatine is
dissolved.

In another flask make up the following mixture (No II):

Peptone. . . . . . . . . 6 grams
Dextrose . . . . . 5 grams
Common Salt (NaCl) . . . I gram
*Flesh extract . . . . . . . 20 ccC.
Water . . . . . . . . . 180 c.c.

Dissolve the mixture, and heat until solution has taken
place.

Pour No. II into No. I. Neutralise with Sodium
Carbonate. Use a very strong solution of Sodium Carbonate
and keep adding it drop by drop under constant stirring
until a piece of red litmus paper put into it just turns blue
without becoming a pronounced blue. Place in steam
steriliser for 20 minutes. Next allow the mixture to cool to

* Flesh extract— Weigh contents of a Lemeo jar, then add
5 c.c. water for every gram in weight. Suppose the weight of
the paste is 30 grams. Dissolve in water and make up volume
of paste and water to 150 c.c. Once dissolved the extract
must be kept sterile otherwise it will go bad very quickly.
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60° C., and then add the bea;en white of an egg, shake well
and place again in the steam steriliser until complete
coagulation has taken place and the liquid looks clear.

Set up a filter on a stand, insert a filter paper in it,
and with a pin make a hole at the bottom of the filter paper.
Then fill the filter with cotton-wool. Pour the curdled mix-
ture into the cotton-wool, after having put a beaker under
the filte® The liquid goes rapidly through on account of
the pin hole that has been made, but all the coagulated part
is caught in the cotton-wool. The mixture is now - ready
for use. Sterilise for } hour in steam-steriliser, and for the
next 2 days sterilise for } hour each day.

Nole on Gelatine. Gelatine is an animal protein which
is derived from various tissues, fibres, bones, cartilage etc.
[In the animal tissues it exists not as gelatine but as the
.albuminoid collagen, and it is derived from this substance
by hydrolysis.]

Some knowledge of the properties of gelatine is very
necessary when dealing with the preservation of gelatine-
containing media, for if it be heated too much the gelatine
refuses to set: on the other hand, too little heating causes
it to go bad because the germs in the gelatine have not all
been destroyed. Gelatine will not set if subjected to prolonged
heating. The more it is heated the lower becomes the melting
point, and the final result of such a procedure is to lower the-
melting point below the temperature of the room. In conse-
quence the medium remains permanently liquid. It has been.
stated that every hour’s heating at 100° C. lowers the melting
point of gelatine by 2° C. Experience does not bear out
the magnitude of the amount of lowering given in this.
statement, but the lowering does take place at a compar-
atively rapid rate of progression. It is therefore a golden
rule to avoid any unnecessary heating of gelatine, and to.
consider just how much is necessary for the purpose, and
not go beyond that amount. For example, if 6 tubes of
gelatine are needed (roughly about 6o c.c. of gelatine) .and
if the stock nutrient-gelatine contains say 500 c.c., then,
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{500—60) == 440 c.c. have been melted to no purpose. When
the next 6 tubes are required (440—60) = 380 c.c. have been
melted twice to no purpose. It is therefore advisable to
store the gelatine in small flasks containing 50 c.c.—I00 c.c.,
and thus save the unnecessary melting. Further, small
quantities require less time for complete melting than do
larger quantities.

Exercise 2. Preparation of Nutrient-Broth.

The mixture is made up from the following ingredients:

Peptone . . . . . . . . 6 grams
Common Salt . . . . . . 1 gram
*Flesh Extract . . . . . 12}cc
Water . . . . . . . 480 c.c.

Neutralise as in Ex. I, filter through filter-paper, and
place in steam-steriliser.

Note on the Storage of Nutrient Broth. Liquid
media go bad much more quickly than do those solidified by
the addition of gelatine or agar. When once properly
sterilised infection can only take place by way of the cotton-
wool plug. Attention must therefore be directed towards
making this secure,

1. It must be tight-fitting.
2. It must be dry.

It is a good plan after the completion of the sterilisation,
to substitute the plug of the flask containing the broth with
another which has been sterilised in the hot-air oven, taking
care to make a tight fit of it. Care must also be taken to
prevent the mouth of the flask becoming wet when the plug
is put in. If some of the broth is poured out, sterilise and
dry the mouth of the flask by passing it through the flame
before putting in the plug. Also pass the plug through the
flame before fitting it into the flask. Do not “store broth
media in a damp room. If the broth is not wanted for
immediate use, melted paraffin wax should be poured on the

* See Exercise 1.
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plug, after it has been cut down to the level of the top of the
flask : then the mouth should be covered by a piece of paper
soaked in melted paraffin wax. This should be tied by a
piece of string round the neck of the flask.

Exercisc 3. Preparation of Nulrient-Agar.

Cut 8 grammes of agar into small pieces (or weigh out
the same amount of agar powder), add 300 c.c. water, plug with
cotton wool and place in steam steriliser till agar is dissolved.

In another flask put together the following mixture:

Peptone . . . . . . . . 6 grams
Common Salt. . . . . . I gram
*Flesh Extract . . . . . 20 cc.
Water . . . .. . .180 cwc.

Place in steam steriliser for § hour.

Mix two solutions, and make alkaline by adding a few
drops of a very strong solution of sodium carbonate. Plug
flask and leave in steam steriliser for } hour.

Filter in the same way as is recommended for the

gelatine-medium in Exercise I.

Note an Agar. 'This substance is prepared from various
seaweeds that are found in China and Japan. Unlike gelatine,
it contains no nitrogen and bhelongs to the class of carbo-
hydrates. It has the great advantage over gelatine that it
remains solid at a much higher temperature and consequently
bacteria can be cultivated at 37° C. and even at still higher
temperatures, without the agar suffering any melting.

The melting point of a 1.5°/, neutral agar solution is
97° C., and its solidifying point 40° C. For bacteriological
purposes a form of agar is preferable which melts above but
not very far from 37° C., as nutrient agar is heated above
this point only when it is desired to melt it, and the lower
the melting point the less the danger the bacteria enclosed
in the agar will run of having their vitality affected by heat.
The agar must not remain fluid at 37° C, for that would

* See LExercise 2.

Ellis’ Practical Bacteriology, 2
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prevent its use in the cultivation of a good many important
species of bacteria.

In the preparation of nutrient media with agar as a
constituent, the conditions affecting its solubility must be
taken into consideration on account of its slow solubility and
viscosity. The following facts must therefore be grasped
before preparing agar-containing media.

1. The solubility of the agar is considerably affected when
its proportion goes far above 1} per cent. Fortunately
this amount is ample for bacteriological purposes.

2. If the agar is dissolved in a fluid with an acidity
equivalent to 0.1°/, HCI, the solution takes place
readily but not so the subsequent solidification upon
cooling. In a weak alkaline or neutral fluid, however,
solidification takes place at about 40 ° C,, and the product
is pre-eminently suitable for bacteriological purposes.

When the solidifying power of agar is once
destroyed by the presence of acid in excess it can never
be regained, and the medium is useless for the cultiva-
tion of bacteria.

As in the case of gelatine-media, it is better to store
agar-media in a number of small flasks rather than in one
large one.

Exercise 4. The washing and sterilisation of test-tubes.

If the test-tubes are new, put them in boiling or hot water
which has been made very slightly acid with HCL*

Clean with a brush.
Rinse under the tap.
Dry thoroughly.

Plug with cotton-wool.

Sterilise by placing in hot-air oven, until tubes have been
exposed to a temperature of 140° C.—150° C. for about

* New test-tubes always have a certain amount of alkali
clinging to them, and acid must be used to neutralise the
alkalinity.
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20 minutes. The value of cotton-wool as a plug is greatly
impaired if the temperature is raised much above 150° C. for
it turns brown and the fibres lose their power of cohesion.

Store tubes in some covered receptacle until they are
required. A cigar-box, tea-caddy, cocoa-tin or tobacco-box
will serve very well for storing the tubes.

If the test-tubes have been used before, wash them in
water containing a pinch of washing-soda, cleaning each one
with a test-tube brush.

Note on the making of cotton-wool plugs. Therc are
many ways of making efficient plugs with cotton-wool. The
part of the plug which is to be inserted inside the test-tube
must be roughly eylindrical, as it has to be fitted into a
cylindrical space viz. the top of the test-tube or flask. Carc
must therefore be taken to avoid a conically shaped plug.
Again the part outside the tube must be large enough to
admit of being easily grasped so that the plug may be taken
out of the tube and replaced without any difficulty: but it
should not be an ungainly mass. If the insertion-part of the
plug is not cylindrical to begin with, some awkwardness will
result when an attempt is made to replace it in the tube after
it has been taken out. Finally the cylinder-plug must be
just a trifle bigger than the space into which it is to be
inserted, to enable it to be squeezed in and fit the space with
a certain amount of firmness. It must not be too loose nor
too tight. '

Exercise 5. Method of transferring nutrient media into tubes.

Melt one of the small flasks containing nutrient-agar
and one containing nutrient-gelatine. Pour the melted
material into sterilised test-tubes putting roughly 10c.c. in
each. Prepare in this way 12 tubes containing nutrient-agar,
and 12 containing nutrient-gelatine. Place the tubes in the
steam steriliser for } hour.

After sterilisation, place the gelatine-tubes in an upright
position, allow them to cool, and put them away in a covered
receptacle. The agar-tubes must, however, be cooled in an
oblique position (See Fig.10). The reason for this will

2*
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appear later. Store the agar-tubes in an upright position
in a covered box.

If the tubes are not to be used for some
time, the plug should be pressed deep down,
and cut level with the top of the test-tube.

< Then some melted paraffin-wax should be

F poured on the plug.
Note on the Selection of Mode of Sterilisation.
e Sterilise any instrument or apparatus that will

stand the naked flame without injury Dby
passing it through the bunsen flame. Un-
tortunately the number of objects in use in
bacteriological laboratories which are not in-
juriously affected is very small, and is confined
to certain metallic objects e. g. Platinum need-
les, the blades of knives, and similar instru-
ments. Also, the surface of a cotton-wool plug
may be cleared of germs by dashing it through
the flame. The plug is ignited but the flame

Fig. 10. — Agar-

slope tube. Agar
is allowed to set
as shown in figure.
This gives a larger
surface on which
the bacteria can
grow than if the
Agar were set
horizontally,

can be easily blown out.

The next best method is by using the
hot-air oven. Sterilise by dry heat everything
that will not suffer injury by the process
e. g. cotton-wool, all glass-ware, and metal
receptacles. The temperature should be allowed

to go up to 140° C.—150° C,, and another
20 minutes allowed. Then put the gas out and allow the
objects to cool inside the oven.

All nutrient-media, water, etc. must be sterilised in the
steam-steriliser. One sterilisation is not enough for as the
temperature at ordinary pressure is never above 100 ° C., many
bacteria are not killed by this comparatively low heat and
so sterilisation has not been achieved. It must be borne in
mind that many bacteria exist in two forms, viz. as spores and as
vegelative cells. A bacterial onganism in its active condition,
when it takes in food, grows, divides, excretes etc. is a thin-
walled cell, the commonest type being the Bacillus, that
shown in Tig. 11. This may be called a wvegetative cell
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It does not always, however, exist in this form, for inside
the vegetative cells, reproductive cells are formed—usually one
in each cell—which are called spores. (See Fig.12). The
vegetative cells die but the spores remain, and they are difficult
to kill. Not every vegetative cell forms a spore, and in
many species, probably the majority, spores are not formed
at all. All vegetative cells are killed off, when a fluid is
placed for a short time in the steam steriliser, but the ex-
posure of a fluid for § hour to the action of steam is certainly
not enough to kill off all the spores that may be present. The
most resistant spores e.g. those of Bac. subtilis can stand

C ) G - B

Fig. 11.—Shape of bacillus. Fig. 12.—Showing a spore
inside a vegetative cell,

6 hours continual immersion in steam without impairment of
the power of germination. To cope with this difficulty the
Tyndall Method of Sterilisation is usually put into practice.
This method consists in subjecting the object to the action
of the steam steriliser for [} hour, which kills off all
hacteria that are present in the wegelative form. Then a
day is allowed to pass before the process is repeated. During
the interval most of the spores, not killed by the first heating,
will have germinated; this mecans that the spores have been
transformed into vegetative cells. All such will be killed
by the second } hour’s heating to which the medium is
now subjected. A third } hour’s heating is supposed to
account for the rest. It is still a somewhat controversial
point whether the spores have actually germinated, and their
progeny killed off, or whether this treatment has only weakencd
the spores. Whichever is correct, the result of this method
of sterilisation is highly satisfactory. The following hints
will be found useful.

1. In using the hot-air oven, any cotton-wool contained
in it must not be allowed to come into contact with the
sides, and especially the bottom, of the heated oven.

2. The floor of the hot-air oven should be covered with
asbestos. Tailing a supply of this substance care should
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be taken to prevent glass or cotton-wool from lying on
a surface the underside of which is exposed directly to
the flame.

. Bear in mind that cotton-wool becomes brown and brittle

and wuseless when heated above 160° C. for any
considerable time.

. In using the Steam-Steriliser and Autoclave see that

there is water inside the vessels, otherwise considerable
damage may be done, when heat is applied.

. After the completion of an experiment, place all that

you have to clean in a pot of warm water, clean, dry,
and put away. If working with organisms, the harm-
lessness of which is doubtful, boil the water for
1 hour before cleaning.

In passing the platinum needle (or loop) through the
flame after using it for inoculation, take care that the
material at the end of the needle does not roll up into
a little ball and jump off on to the laboratory table,
instead of being thoroughly charred at the end of the
needle. This caution is particularly necessary when
working with pathogenic organisms. To avoid this
shedding of bacterial matter, the point of the needle
must be placed in the hottest part of the bunsen flame.
At the close of the exercise wash the table in the
neighbourhood of the flame with thoroughness. It is
better to rely upon removing dirt from the table than
trying to kill the bacteria én situ. Thorough cleansing
withh hot water and soap is therefore strongly re-
commended. Sweep away the dirt and the bacteria will
be swept away with it.

. The oftener the walls, floors and tables receive a general

cleaning, the fewer the chances of contamination.

If working with a pathogenic organism, it is not ad-
visable to carry out exercises in the general laboratory.
If possible, these organisms should be studied in a
smaller room, and care should be taken beforehand that
the room should be selected with a view to the ease with
which a thorough cleansing can be given to it.



CHAPTER III

Agar-plate culture: Agar-slope culture: Gelatine-plate culture:
Gelatine stab culture: Gelatine shake culture: Broth culture.
Revision.

Exercises with a known organism.

For the next few exercises we shall work with a known
organism.  Bac. megatherium* is a model organism for the
beginner. The same exercises can, however, be made with
any other organism, cultures of which are accessible to the
student, but it is advisable to begin with a large, non-
pathogenic, spore-forming bacillus.

Exercise 6. To prepare Agar-plates.
1. Place about 1 c.c. of sterile water in a small sterile tube.
2. Sterilise the Plat. loop, scrape with it the surface of
the culture of Bac. megatherium, then transfer the
scraping to the sterile water in the small tube.
3. Pass Plat. needle through flame.
4. Melt 3 Agar tubes. We will naine these tubes respectively
Nos 1, 2, 3.
Place on table 3 sterile Petri-dishes.
6. Lift Plat. loop, pass through flame, then remove 1 loop-
- ful from bacterial fluid in the small test-tube and transfer
to No 1 melted Agar tube.

C.J'I

* Cultures of this organism can be obtained by appli-
cation to the Lister Institute, Chelsea, London, S.\W
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7. Pass Plat. loop through flame, then remove 1 loopful
from the infected No 1 ‘Agar tube and transfer to No 2
melted Agar tube, ‘

8. Pass Plat. loop through flame, then transfer in same
way a loopful from No 2 to No 3 Agar tube.

9. Pass Plat. loop through flame and place on rest.

10. Transfer contents of No 1 Agar tube into Petri-dish,
contents of No 2, into another Petri-dish, and contents
of No 3 into the third Petri-dish.

11. Allow Agar to set, label Petri-dishes and put them in
Incubator.

It is not possible to proceed further with this Exercise
until the bacteria in each Petri-dish have developed into
colonies.*

Exercise 7. To prepare an Agar-slope.

1. Place 1 c.c. (approx.) of sterile water in a sterile
plugged tube. Infect it with Bac. megatherium.

2. Pass Plat. loop through flame.

Dip it into infected water. .

4. Spread the water on the loop over the surface of the
Agar-slope. It is not necessary to penetrate the surface
of the agar.

5. Pass Plat. loop through flame then lay it on the rest.

6. Place Agar-slope in Incubator.

@

Exercise 8. To prepare Gelatine-plales.

The Gelatine plate-cultures are prepared in precisely the
same way as Agar-plates. See the description attached
to Exercise 6, only for ‘Agar’ read ‘Gelatine’, and when

* Colony. Each Petri-dish after the completion of this
Exercise will contain a number of bacteria. These of course
are not visible, but when each has formed a progeny of say
10,000, and these remain #n sitw, each group is visible to the
naked eye as an oval or round or other shaped fleck in the
Agar. Such a group is called a colony. If the colony is
pure, all its members will be descended from the same in-
dividual.
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finished, place the plates not in the Incubator but in a
covered receptacle at room-temperature. (See Note 3.)

Exercise 9. Fxaminalion of the Agar-plate Cultures.

We may assume that the Agar-plates now show .Colonies.
These must be examined carefully, and the results of
the examination recorded as fully as possible in a note-
book kept for the purpose. In addition make sketches of
the colonies and of the appearance of the individuals under
the microscope. The examination should be conducted in a
systematic manner. The following order of investigation is
recommended.

L. Naked Eye Observations.

1. The colour of the colonies.

2. The shape of the colonies.

3. The size of the colonies, and the time they have taken
to attain this size.

4. The difference in shape—if any—between the colonies
on the surface and those under the surface.

5. The texture of the colonies, whether a fleshy outgrowth
from the surface of the Agar, or a thin outspreading
layer, something similar to petroleum on water,

6. The preference of the organisms for spreading on the
surface of, or throughout the substance of, the Agar.

1I. Hand-lens observations. Confirm the results of the naked-
eye observations.

111. Examination with the wmicroscope using a low-powered
objective, one for instance which gives the microscope
a magnifying power of 40—00 diameters.

1. The OQutline of the colonies. If smooth, whether thrown
into undulations, Compare with the types showa in
Fig.13:

entire
smooth < dulated _— regular
nnduiate S~ irregular
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and ascertain whether the colonies conform to one or
more of these types. If rough, whether roughness is
due to projection from surface of numerous needle-
like structures (Fig. 14a) or due to their woolly con-
sistency (Fig. 14 b).

. The internal structure of the

. Mg
colonies. Whether homogeneous, ", A
orgranulated, or throwninto folds, 13-%
or lumpy, or striped, or wrinkled. %
A
C
B
Fig. 13.—Outlines of Colonies. Fig. 14.— Outline of
A—Entire, Colonies.
B—Undulated, regular. A-—I;%Ugguon:edle like
— i j n:
C—Undulated, irregular, B—Rongh, woolly like
projections.

IV. Examination with high magnifying microscope (magnifi-

1.
2.

3.

4

(9] ]

cation not-less than 350 diameters).

Place a drop of water on a clean glass side.

Pass Platinum needle through flame,

Open Petri-dish centaining the colonies as much as
is necessary to insert the Platinum mneedle inside.
Insert Plat. needle inside Petri-dish and gently scrape
one of the.colonies with it.

. Place point of needle in drop of water on slide and

thus transfer a little of the colony to the water.
Transfer only as much to the drop as is necessary to
make it very slightly turbid.

Pass needle through flame and put on rest.

. Place coverslip on drop of water and examine under

microscope.

Record in your note-books the answers to the fdllowing

questions.
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1. What is the shape of the individual organisms? Are
they rod-shaped (Bacillus group) or spherical (Coccus
group) or spiral (Spirillum group)?

2. Are the individuals separate, or are they joined

together? If they are joined together, describe the

mode of attachment. Are the individuals placed ‘end on’
like a string of sausages, or are they placed like
soldiers drawn up in line?

Are they motile or non-motile? *

4. Does the individual organism appear to be uniform in
consistency, or can special structures be distinguished
inside the cell?

5. Are there any Spores in the microscope-field?

@

[If any trouble is encountered in the identification of
spores, the matter should be left in abeyance until the
student has worked through later exercises.]

Further examination with the microscope should not in
the meantime be carried on, pending some preliminary
exercises in the art of staining.

Exercise 10. Examination of the Agar-slope Culture.

Examine the agar-slope when the culture is 24 hours
old. There should be after this interval a distinct covering
on the surface of the agar due to bacterial growth. Examine
in the following order. .

1. External features of the bacterial growth.

1. The colour of the covering.

2. The texture of the covering. Is it fleshy or filmy?
3. The preference for surface or for under-surface growth.
4. The presence or absence of fluorescence.

* The student is warned that he is dealing with very
minute organisms, so small that they often exhibit the so-
called Brownian or molecular movement, a kind of trembling
or shivering movement, and that he will need some practice
before he can distinguish this movement from slow endepen-
dent motion resulting from the lashing of the whip-like cilia
with which the sides of many bacteria are beset. !
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II. Examination under the microscope. See Exercise 8.
Section IV. The examination under the microscope should
pursue the same general direction as in that exercise.
Enter carefully your results in the Note-book, and make
sketches to illustrate your results.

This culture should be examined after 2 days, 3 days,
and after one week. The changes which take place as the
culture gets older should be carefully noted especially in the
matter of spore-formation and of motility.

Exercise 11. Examination of the Gelatine-plate Cullures.

These will take longer to develop than the agar-plates
because the bacteria are growing at a lower temperature.
When, however, the colonies have developed, the procedure
is precisely the same as in the examination of the agar
colonies (Exercise 9). 1In addition, the liquefaction or
absence of liquefaction of the gelatine must be noted.

Exercise 12. To prepare a Gelatine-stab.

1. Place about 6 c.c. of sterile water in a small sterile
plugged tube and infect it with Bac. megatherium,
Place on the table a Gelatine-tube which contains about
two inches of nutrient gelatine.

3. Pass Plat. needle through flame, and hold in right hand.

4. Pick up tube containing sterile water, remove plug
and dip needle to bottom of water.

5. Put down this tube and pick up Gelatine-tube with
left hand.

6. Remove plug of (Gelatine-tube as instructed in Note 2
of Appendix.

7. Stab the gelatine with the needle slowly and firmly
right down to the bottom of the gelatine. It is
particularly desirable that the needle should be taken
out along the same path that it entered. Care must
be taken also that the infected needle does not touch
the sides of the tube on its way down the tube to the
gelatine, and also when it is removed after infection.

S
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8. Pass needle through flame and lay on rest.
9. Restore the plug to the gelatine-tube.
'10. Put tube away in a cupboard.

[Tf the gelatine has become dry through long storage,
it should he melted, a little sterile water added, and the
gelatine again allowed to set. In any case care must be taken
that the gelatine is not so dry that it does not close up at
once after the infecting needle is taken out of it.]

Fig. 15.—The tube is raised with the left hand and its plug withdrawn with the
right hand and held between the palm and small finger of the right hand. The
necdle is lifted by, and operated with, the thumb and fore finger of the right hand.

Excrcise 13. To prepare a Gelatine-shake.

I. Melt a gelatine-tube.

2. Pass Plat.-loop through flame and hold in right hand.
Then dip Plat.-loop into water infected with Bac.
megatherium. [The material used for infection in
Exercise 11 will serve the purpose.]

3. Pick up gelatine-tube with left hand, remove plug and
infect the gelatine by dipping the loop into its sub-
stance. This must be done before the gelatine sets.
The method of carrying out the infection is shown in
Fig. 15.

4. Pass loop through flame and lay down on rest.

5. Place tube in cupboard and leave there for a few days.

Exercisc 14. To prepare a Broth-culture.

1. Take up Plat. loop pass through flame and once more
dip into water infected with Bac. megatherium.
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Pick up Broth-tube in left hand, remove plug and infect
it with material taken up by Plat. loop.*

Restore plug to broth-tube.

Pass Plat. needle through flame and lay on rest.

Place Broth in Incubator and examine after 1 day,
3 days, and one week.

Exercise 15. Examination of Gelatine-stab Culture.

I,

Record results as follows,

Nature of liquefaction, if it takes place. Is it from
above downwards, or does it start chiefly from the line
of the Stab?

If liquefaction takes place, is there a sediment at
bottom of liquefied gelatine? If so state its colour.
If liquefaction does not take place, is growth on sur-
face, or is it chiefly under surface of gelatine? Is it
a fleshy or filmy growth? What colour does it show?
Have bubbles of gas heen formed in the substance of
the gelatine?

. Examination of bacterial growth wunder microscope.

Record on the following lines.

1. Shape of the organisms.

2, Motility. Note the presence or absence of move-
ment among the individuals.

3. Spores. Record their presence or absence.

4. Cohesion. Are the individuals all separate, or are
some joined together? If joined together, note how
they are joined, and how many take part in the
union, -

5. Cell. contents. Note any cell-structures inside the indi-
vidual organisms.

Exercise 16.  Eramination of Gelatine-shake Culture (see

Exercise 13).-

The examination of the Shake-culture is conducted on

exactly the same lines as is that of the Gelatine-stab.

* See Tig. 15.
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Exercise 17. Examination of Broth Culture.

Bacteria grow in broth cultures with greater rapidity
than in solid media. Examine after 12—15 hours, after
2 days, after 3 days, after 1 week.

Investigate.

1. The Reaction. Find out with aid of litmus paper
whether reaction is acid, alkaline, or neutral.

. Film-formation. Has a thin covering formed on the
surface? If so, what is its colour?

. Sediment Has a sediment formed on the bottom of the
tube?

. Coagulation. Does the broth exhibit any coagulation as
a result of the growth of the bacteria?

&)

w
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Examine under the microscope on following lines:

. Shape of the organisms.
. Motility. Whether motile, or non-motile.

. Spores. Whether present or absent. If present, their
relative abundance in relation to the vegetative cells,
4. Cohesion. Are the individual organisms free, or are

some joined together? If joined together, how many
on the average take part in the union?
5. Cell contents—Are any structures visible inside the
cells, or do they show an unbroken uniformity?

W N -

Revision.

The exercises' given in the preceding pages do not by any
means complete all the observations that are possible in the
investigation of any particular species of bacteria. They will
serve, however, to illustrate the main lines which are
employed in the diagnosis of bacteria. This diagnosis is
based on the fact that whilst the majority of bacteria
look very much alike under the microscope, they differ
considerably in their physiological manifestations. The
following facts should now be clearly grasped by the student
before he proceeds to the later exercises.
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. The vast majority of bacteria are either spherical or

rod-shaped or spiral.

. Some species liquefy gelatine, others do not.
. Some normally form Spores as resting cells, whilst

others do not possess this capacity.
Some species show motility, whilst others have never
heen known except in the non-motile state,

. Some grow best when oxygen is freely supplied to

them, others only when oxygen is excluded.

Some species growing in broth give the latter an acid
reaction, others make the broth alkaline, whilst a third
group affects no change in reaction.

. Some again form a skin on the surface of the broth,

whilst others merely make the broth turbid.

. Some coagulate a broth medium, others have not this

capacity.

If we turn for a moment to the results obtained by the

studv of Bac. megatherium, we find that:

© PN QU R N

It is rod-shaped.

It liquefies gelatine.

It forms gas in gelatine.

It normally forms Spores.

It is motale.

It is aerobic.

It renders broth wery slhghtly alkaline.

It forms a skin on the surface of the broth culture.
Tt does not coagulate the broth medium.

Here we have therefore a combination of well defined

characters which should be sufficient for the identification
of Bac. megatherium. If the preceding exercises are
reviewed it will be found that our information was obtained
from the results of making the following cultures.

1. Agar plates.

. Gelatine plates.
. Gelatine stab.

. Gelatine shake.
. Broth.

i H W N
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The student should now be in a position to set up all
these cultures simultancously. He will need 6 Petri-dishes,
5 gelatine tubes, 3 agar-tubes, small sterile tube containing
sterile-water, and a broth-tube.

He must, however, bear in mind, that the process of
identification is not so easy for all species, for the following
reasons.

1. The organism may require a special medium in which
to grow, and when growth has taken place the rate of
growth may be very slow.

2. The organism may not exhibit its normal character,
thus a spore-forming organism does not always form
spores, neither is a motile organism always in a state
of motility.

3. A change of character may accompany a difference in
the temperature of incubation, thus an organism may
form a blood-red covering on an Agar-slope at one
temperature, but a grey one at another temperature.

4. The diagnosis of bacteria is still in the pioneer stage,
and there can be little doubt that some organisms as for
example Bac. subtilis must have been described under
many different names.

In view therefore of the uncertainty which is always
engendered in the mind of the bacteriologist by the enormous
capacity for variation which bacteria possess, the student
is advised to take a birds-eye view of his results and regard
only the sum-lofal of the characters that his cultivations
have brought to light. A few more of the difficulties will
be discussed after we have concluded the exercises that are
to be dealt with in the next section.

Ellis' Practical Bacteriology. 3



CHAPTER 1V.

The Staining of Bacteria. Use of Aniline dyes. Preparation
of Stains. Dry-film staining. Wet Staining. Irrigation dry-
film method. Hanging-drop preparation.

The use of Aniline dyes in staining Bacteria.

Some forty years ago the discovery was made that
bacteria took up certain dyes with avidity. It was found
that -all the basic aniline dyes such as fuchsine, methylene
blue, methyl violet, gentian-violet and Bismarck brown
readily stained bacteria, but that, on the other hand, the acid
aniline dyes and the natural dye materials had not this power.

Next, the staining power of the dyes was found to be
considerably enhanced by being mixed with a certain class
of mordants, which seem to have the power of adhesion both
to the bacteria and to the dye. Such are phenol, aniline oil,
tannin etc,

The stains in actual use should be prepared from stock
solutions of the dyes, for the staining capacity of most
of them does not last very long when made up with water,
Hence it is usual to prepare a stock solution by adding the
dye to alcohol until the latter is saturated and cannot hold
any more without precipitation. The majority of the stains
used in Bacteriology are made up of a dilute alcoholic
solution or of a solution of a basic aniline dye that is partly
alcoholic and partly aqueous: and in most a mordant is also
added.

Methylene blue is an exception to the rule that the
aqueous solutions of bacteriological stains have no keeping
capacity, for when made from this dye, solutions keep in-
definitely.
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In the follovying pages a Stock solution of a dye, unless
otherwise stated, consists of a saturated solution of the dye
in 9go—100 °/, alcohol.

Exercise 18. Preparation of Slains.
(a) Analine Gentian Violet (Ehrlich).

1. Stock solution 1.1 c.c.

2. Aniline saturated aqueous solution 10 c.c. Prepare this by
shaking 5 c.c. of colourlgss aniline with 100 c.c. of
water. Allow mixture to stand for some hours then
filter through wet filter-paper.

[Is not dependable after 3 or 4 weeks.]

(b) Methylene-blue (1:40).

1. Stock solution. . . . . . . I C.cC.

2, Water . . . . . . . . . 40 cc
(c) Methylene-blue (1:10).

1. Stock solution. . . . . . . I CcC.

2. Water . . . . . . . . . 10 cc
(d) PFuchsine.

1. Stock solition. . . . . . . 2 c.c

2. Water . . . . . . . . . 10 ccC

3. Alcohol. . . . . . . . . 10 ccC

(e) Loffler’s methylene-blue.

1. Stock solution methylene-blue . 30 cc.
2. Caustic potash solution (1:10.000) 100 c.c.

(f) Iodine.

1. Iodine. . . . . . . . . I gram
2. Pot-Iodide . . . . . . . 2 grams
3. Water. . . . . . . . . 300 cc

The Art of Staining Bacteria.

Two objects must be held in view: —

1. To obtain a white background. The organisms under
examination should be the only stained -objects in the
field of view.

3*
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2. To give to tne orgamism just as much colour as is
necessary to bring out the different parts of its struc-
ture. An overstained organism presents one tone of
colour and nothing can be made out of its contents,
membrane etc.

To gain the first of these two objects, the bacterial material
must be taken from a solid and not from a liquid culture.
FFurther, when lifting the material from the culture, care
must be taken that none of Jthe agar or gelatine is removed
at the same time,

The second of these aims can be gained only by constant
practice. If the organism under observation is very small,
the question of differentiation of structures does not come
into play, for very minute bacteria under the best conditions
of staining do not show any differentiation.

Exercise 19. Dry-film Slaining.

Use for preference a young (15—24 hours old) culture
of Bac. megatherium on an Agar-slope, or a colony of the
same organism on a Gelatine—or Agar—plate.

1. Place on table aclean glass slide and put on it a small
drop of clean water.

2. Pick up Plat. needle and pass through flame.

3. With needle remove a little of the culture and rub
needle in drop of water wntil the drop is very faintly
turbid.

4. Remove surplus material from needle by passing it
through flame.

5. Pick up glass slide and spread out the drop over the
surface of the slide with the needle. If the drop
refuses to spread, do not go on but start again with a
cleaner slide. Keep rubbing the drop over the surface
of the glass until all the water has evaporated.

6. Fix by passing through flame once or twice. The hand
carrying the glass slide should be moving at the rate
of approx1mately one foot per second.

7. Lay slide on top of tumbler (Fig.16) or clulch it
with a pair of pincers.
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8. Cover the dry film with Loffler’s methylenc blue for
two minutes,

9. Pour. off the stain by putting slide under tap and
allowing a gentle stream of water to flow over it.

10. Put covershp on, after removing all superfluous water,
and examine under microscope.

If the preparation is satisfactory, allow the slide to dry,
put a drop of Canada-balsam over the film, and a coverslip
over the Canada-balsam.

The student should also prepare dry films and colour
them with the other stains at his disposal.

T

Fig. 17. — Showing position of loop when
Iig. 16. used to impart stain to liquid under coverslip,

Exercise 20. Wet staining.

In the staining of bacteria the best results are undoubt-
edly obtained by colouring the bacteria with a dye which
does not smmediately kill the organisms. The object is to
bring out contrasts between the different components of the
cell and this is better effected whilst the organism is still
living. The writer finds Iodine by far the most efficient
stain for this purpose.

Nos 1., 2,, 3., 4. are the same as in Exercise 19.

5. Cover drop with clean coverslip.

6. Pick up Plat. loop, dip it in Iodine solution (see
Ex. 18) and then insert the loop on the right hand
edge of the coverslip in such a way that the stain on
the loop comes into contact with the bacterial fluid
between slide and coverslip (See Fig. 17). The
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Iodine slowly penetrates the liquid staining the bacteria
which it encounters in its path. Several loopfuls of
stain will probably be mnecessary to accomplish a
satisfactory inflow of the stain. Whilst the stain is
flowing in, the eye should be focussed through the
microscope on bacteria that are on the verge of coming
under the influence of -the stain. Particular bacteria
should be selected and these should be kept contin-
uously under observation, and the changes which are
effected in them during the course of the absorption
of the dye carefully observed.

Fig. 17a.—To demonstrate irrigation method of staining. A drop of the stain is
placed on the edge of the coverslip on the right side, and this is drawn through by
a piece of blotting- or filter-paper placed on the edge of the coverslip on the left side.

If the stain moves too slowly put in a little
more, and gently withdraw a little of the liquid from
the left side of the coverslip with the aid of a small
piece of filter paper (Fig. 17).

It must be kept in mind that the bacteria are not
fixed to the glass and that consequently the inflow of
the stain must not be made so rapid that the bacteria
themselves are put into motion.

As Bac. megatherium contains globules of volutin
which are stained by methylene blue, and also oily
globules which do not take up this stain, this method
should also be tried with methylene blue.

Exercise 21. The Irrigation Dry-film method.

The writer has found the following very useful.

Nos 1., 2., 3., 4., 5. are the same as in Exercise 19, with this

difference that the film is prepared on the coverslip
not on the glass slide.
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6. On glass-slide lay down two parallel strips of candle
grease. [Small candles used for decorating Xmas Trees
serve the purpose admirably.] As their purpose is to
raise the coverslip a little higher in order to obtain
more room between coverslip and glass slide, the
distance between the two strips must be made a trifle
less than the length of side of coverslip (See Fig. 18).

7. Rest coverslip, film side downwards, on the two strips
of candle grease.

8. Run water between coverslip and slide.

9. Place slide on microscope-table and focus on film.
Select a good specimen and place it in centre of field.
Observe its size before staining.

S LA

. 18.—To demonstrate another irrigation method of staining. The coverslip is
rdlsed by putting down two parallel smears of candle-grease on the slide.

10. On right edge of coverslip, place a drop of gentian-
violet and let it come in contact with the water under
the coverslip.

The further procedure is the same as in the method
described in Exercise 20 and figured in I‘xg 17 a, with
this advantage, however, that irrigation is easier to
accomplish because the coverslip has been raised by the
two strips of candle grease.

11. Remove blotting-paper and examine the organism
selected for observation. How has the stain affected
its size? Does any differentiation appear in the sub-
stance of the cell contents?

12. The stain may now be removed in the same way.

Insert blotting paper as before on left side of
coverslip, and on the rlght place a drop of 70°/,—90°/,
alcohol. When this is sucked in, add another, then
another and so establish a flow of alcohol through the
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space between coverslip and slide. Keep doing this
until the alcohol has removed all stain from .the
organism.

In same way replace alcohol with water.

Examine under microscope.

Still using the same individual organism that was
kept under observation whilst using gentian-violet, we
can in the same way see the effect of some other stain,
say carbol-fuchsin.

Irrigate with carbol-fuchsin, clear carbol-fuchsin
with water. See whether the same organism stained
with gentian-violet has the same dimensions as when
stained with carbol-fuchsin,

Exercise 22. Hanging Drop Preparation. ‘
For this Exercise use a 24-hours Agar-slope culture
of Bac. megatherium.

1. Place a small drop of water on a clean coverslip.

2. Pick up needle and pass through flame.

3. Remove with necedle a small portion from surface of
Agar-slope. ‘
Rub end of needle in drop of water until latter is very
slightly turbid.

Sterilise needle and lay on rest.

Place on table a glass slide of kind shown in Fig. 19.
Cover this shallow depression on slide with coverslip
taking care that drop is on the under side.

d

The coverslip can be smeared round the edges with
candle grease. The air in the shallow depression suffices to
supply the bacteria with as much oxygen as they require.

+

N

Fig, 19, — Slide with shallow depression.
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An ordinary slide, without the shallow hole, suffices for

all observations of bacteria in water, which are not intended
to be protracted for any length of time.

Exercise 23. Gram Method of Slaining.

I.

w

5.
6.
7

Prepare dry film on coverslip as indicated in Exer-
cise 19, using a youmg culture (1 day old) of Bac.
megatherium,

. Stain with anilin-gentian-violet* for 5 minutes.
. Drain off the stain but do not wash the slide.
. Immerse in Jo din solution made up as follows:—

Iodine . . . . . . . . . 1 gram l
Potassium Jodide . . . . . 2 grams;
Water . . . . . . . . . 3ooc.c.l

for 1—2 minutes.

Wash in alcohol until no more colour comes away.

Wash with water.

Examine under microscope.

Gram’s method is a test of decoloration, for some species

survive the treatment and still retain their colour, others have
no vestige of colour after the treatment. It is advisable to
attempt this method only with young cultures, for the results
are very irregular in old cultures,

* See Exercise 18.



CHAPTER V.

Identification and Staining of Spores. Staining of cilia.
Germination of Spores. Capsule staining. Contact
preparation.

Identification and Staining of Spores.

The student is advised to make sure that he can
recognize a spore when he sees one under the microscope.
‘Small highly refractive objects like oil-globules and minute
foreign objects in the microscope field often look very like
spores.

Exercise 24. Identification of Spores.

I. Put a small drop of water on a clean slide.

2. Remove a tiny portion from the surface of a 7-days
old Agar-slope culture of Bac. megatherium with the
end of a sterilised Platinum needle.

3. Rub the end of the needle in the drop of water until

the drop is wery slightly turbid.
. Sterilise Platinum needle and place on rest.
. Place coverslip on drop.
Examine under microscope, using highest magnification
which is available.

=T N

The spores will be found either inside the vegetative
cells or floating free. For the same species they will all be
found to be have the same dimensions and the same shape.
They are either round or more commonly slightly oval. They
have a high refractive index which gives them a sparkling
appearance. This feature is not confined to spores, for the
same is true of oil globules and other cell contents. There
will, however, be no other bodies in the microscope-field
which are uniform both in shape and size. It is re-
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commended that the spores be not examined under a
magnification of less than 350—400 diameters.

Fig.

A few drawings of various types of spores are shown in
20.

Exercise 25. Staining of Spores. Method L

1. Place a small drop of water on a clean coverslip.
2. Infect it with material from a 7-days old Agar-slope culture

of Bac.megatherium by means of Plat. needle (or loop).
Drop must be made wery slightly turbid.

0 0

Uom

T

oo

ig. 20.—Spores, X 6000. Fig. 21.—Watchglass supported by
pipe-clay triangle on tripod stand.
Clean Plat. needle by passing through flame, then use

it to spread infected drop over surface of coverslip.

If the liquid balls up and will not spread, begin again

on a cleaner coverslip.

Keep drawing the drop backwards and forwards over

surface of coverslip until it has completely dried.

Fix slide by passing through flame once or twice.

(Rate of movement about 1 foot per sec.)

Pour Gram Iodine Stain on coverslip and allow to

remain 1—3 minutes.

Wash in alcohol.

Wash with water.

. Apply hot carbol-fuchsin for one minute. Proceed as

follows.

(a) Place watch-glass on a tripod stand supported as
shown in Fig. 21.
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(b) Pour Carbol-fuchsin on watch-glass.

(c) Apply burner with tiny flame underneath watch-
glass.

(d) When Carbol-fuchsin is slightly warm, drop cover-
slip carefully film side downwards on surface of hot
fluid so that coverslip floats on its surface.

10. Dip just for a moment in 20°/, H,SO,, and transfer
at once to water.

11. Counterstain by putting a few drops of a methylene-
blue stain on coverslip and allowing the stain to act
for a few seconds.

12. Wash in water and examine with an oil-immersion lens,
or failing the possession of one, the highest magni-
fication available.

The Spore has two walls, the outer a thick tough one
usually with markings or small projections on the outside,
the inner a thin delicate membrane, which cannot be seen
except in excellently prepared material viewed with the
highest magnifications.

See Fig. 20.

Exercise 26. Staining of Spores. Method II.

Nos 1., 2., 3., 4., 5. same as for preceding exercise.
6. Stain in warm Carbol-fuchsin for 10—20 minutes.
(See No 9 of preceding exercise.)
7. Wash in water.
8. Decolorise for a few seconds by dipping in 39/,
alcoholic solution of hydrochloric acid.

3 c.c. alcohol.
97 c.c. hydrochloric acid.

9. Wash in water.

10. Counterstain with Loffler’s Methylene Blue for
3 minutes.

11. Wash in water.

12. Dry, and mount in Canada Balsam: the spores are red,
the background blue.
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Exercise 27.

Staining of Spores.

45

Method I11.

Nos. 1, 2, 3, 4, 5, same as in Exercise 25.
6. Place coverslip in Absolute Alcohol for 2 minutes.

®N

for one minute,

Place in chloroform for 2 minutes.
Wash thoroughly and then place in 5°/, Chromic Acid

9. Wash thoroughly in water.

Exercise 25, No. 9).
II.

Stain in warm Carbol-fuchsin for 10 minutes.

(See

Decolorise in 1°/, Sulphuric Acid for a few seconds.

The Staining of Cilia (Flagella).
Bacteria possess organs of motion in the form of re-
latively long whip-like filaments of living matter called

Cilia by some - Flagella by
others. They pass through the
external membrane from the
inside and extend into the
surrounding fluid. In some
species thecilia are found distri-
buted all over the organism,
in others they are confined
to the poles. See Fig. 22.
Without staining they are not
visible even when the bacteria
are observed with the highest
powers of the microscope:
%elther are they rendered

Fig. 22. — Figure on left shows a Bacillus
with its cilia distributed over every part:
figure in middle shows a Pseudomonas with
polar ciliation : figure on right shows a Coccus
with distributed cilia.

sible by treatment of the bacteria with stains in the usuél way.
To render them visible great care must be exercised for the

followmg reasons.

. If they are stained too intensely they swell up and dis-

integrate:
visible.

®

if they not sufficiently stained they are not

Rapid changes of temperature, or high temperatures
affect them deleteriously.

Rapid changes in concentration of the fluid also have
an unfavorable effect.
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The cilia of some bactetria are much more difficult to

stain than those of others, and of the various kinds of bacteria,
if possible a species of Spirillum should be first experimented
with, for in this group the cilia are situated at the polar end
of the organism and are usually bunched together.

Exercise 28. The Staining of Cilia.

I,

Select if possible a Spirillum culture. Failing a culture
of this kind, any fast moving bacillus will serve, e.g.
Bac. typhosus.

Do not make the attempt unless the organism is actually
in a motile condition, It must be borne in mind that
cilia are not present during the whole of the life
of the bacterial organism, They are not usually present
when there is no movement, but they may be.

Do not make the attempt with a liguid culture. Select
an Agar- or Gelatine-culture for the exercise.

Do not select an old culture.

. Attention to the minutiae of the detailed instructions

is all important for ensuring success.

- Carry out the following procedure.

I.

Clean a glass slide by scrubbing its surface with filter
paper soaked in alcohol: after scrubbing, pass slide
through- flame several times.

Clean coverslip in the manner indicated in Note 7. Use
for the purpose an unnsed coverslip in preference to
one that has already seen service.

Test surface of coverslip with clean water to be certain
that when the film is subsequently formed, the water
will not ‘ball up’ instead of spreading to form the film.
To this end dip needle in water and draw needle over
surface of coverslip. If film forms properly, dry the
coverslip and place it in forceps.

On glass slide place 3 small drops of water each one
about 3 millimetres in diameter.

Pick up Plat. toop and sterilise, then with it, after it
has cooled, remove a little material from an Agar-slope
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13.

14.
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culture. Add as much of this to one of the drops of
water as is necessary to produce the faintest appearance
of turbidity in the drop.” We will call this drop No. 1.
Clean Plat. loop by heating it in bunsen-flame; allow
it then to cool. )

Transfer with the loop a little from drop No.1 to one
of the remaining drops (Drop No. 2).

Clean and cool Plat. loop as before.

Transfer a little from Drop No. 2 to Drop No. 3.

. Lift up pincers holding the coverslip with left hand.

With right hand take up Plat. loop and dip it into
Drop No. 3.

With loop draw a film about
3 m.m. wide on coverslip
parallel to one of the edges.

Take up another loop-
ful from drop No. 3 and
draw a film parallel to the first.

Take another loopful
from Drop No. 2 and draw
a third film.

The 3 films will now
appear as shown in Fig. 23.
Allow three films to dry at
room - temperature.

Pour some of Mc Crorie’s night-blue* stain on coverslip
Filter stain before dropping it on coverslip. Allow it
to act for five miutes at room-temperature.

Wash in gently flqwing water, dry at room-temperature.
Mount in xylol and examine under microscope.

Coverslip with three
parallel glms For further explana-
tion sce text.

* Me Orm te’s night-blue Slain:
add 1 gram tannin to 20 c.c. hot water.
{add 1 gram potash-alum to 20 c.c. cold water.
mix.
{1} gram night-blue.
20 c.c. abs. alcohol.

B must be added to A not A to B.
IFilter. The liquid keeps for a long time.
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The coverslip should show three slightly coloured films
with clear uncoloured spaces between the films.

The films must be examined systematically for it very
seldom happens that the bacteria are found beset with cilia
in all parts of the film.

The action of the stain varies with different species and
it will be found in practice that in some cases a little less
time must be allowed, in others a little more, for the action
of the stain,

The Germination of Spores.

When spores become moistened, they shed their outer
membrane, and the contents emerge and expand into the
vegetative cell. The types of this germination for various
species are shown in Fig. 24.

c—
v@@::;b
S

Fig. 24.—Types of Germination in the bacillus group. The spore- -membrane is
teft behmd as the inner part expands and assumes the vegetative form,

Exercise 29. Germination of Spores of Bac. Megatherium.

1. Examine a week old Agar-slope culture of Bac.
megatherium under microscope to see if it Lontams
plenty of spores.

2. Take out a small sterilised test-tube and put in it one
or two large drops of water.

3. Infect the water in this tube with as much material from
the culture on the Agar-slope as it can take, until it
almost becomes a paste.

4. Put the test-tube in boiling water for 2 minutes to kill

off all vegetative cells that may happen to be present.
. Pick up Plat. loop and sterilise.

o
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6. With loop spread infected water over surface of an
Agar-slope tube, taking care that the latter gets a very
generous lelping. The idea is to have as many spores
as possible on the slope in order to increase the
chances of successful germination on the part of some
spores,

. Put Plat. loop through flame and lay on rest.

. Incubate for 6 hours at approximately 30° C.

Pick up Plat. loop and put through flame.

Scrape off from the Agar-slope a loopful of the

material which was placed on it 6 hours previously,

and mount in a drop of water on a glass slide.

11. Put down Plat. loop after sterilising * it.

12. Examine spores.

SR

In artificial cultures spore-germination takes place
normally after 6 hours, but the process may be delayed under
the influence of various factors. A large number will be
seen to have lost the highly refractive appearance character-
istic of spores. Amongst such some will show burst mem-
branes whilst others will even show the vegetative cell
protruding from the spore. Various stages in the germination
of the spores can be readily followed. There is a certain
amount of varicty shown by the different species in the
mode of germination. In some the vegetative cell emerges
from the poles, in others from the equator. In some cases
the vegetative cell may emerge at both poles in which case
the spore membrane is usually split into two parts. It is not
certain that-any one particular species always adheres to
one type of germination,

It is necessary to add much spore-material to the sur-
face of the agar because if a few spores only are present a

* From this point onwards no special instructions will
be given with regard to the procedure that should be follow-
ed in the handling of the Platinum loop or needle. It must
be emphasized that the student should automatically sterilise
when he picks one or other of these up and just as auto-
matically sterilise before laying the ncedle or loop down on
the rest

Ellis’ Practical Bacteriology. 4
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small percentage of these would rapidly outstrip the others
and swamp the field. with their numerous progeny. It is
only when there are very many spores that it is possible to
see a fair number of spores all at approximately the same
stage of germination. Again, if the vegetative cells were not
killed before inoculation, they also would soon swamp the
spores with the large numbers of vegetative cells which they
would have produced by division.

Capsule Staining.

It is not uncommon to find bacteria enclosed in an
envelope of some clear substance which is difficult to stain.
This envelope is called a Capsule. In liquid cultures of
bacteria exhibiting this formation, the surface is covered by
a capsular film just as water is covered with ice. A broth
culture of Bac. megatherium supplies excellent material for
the study of capsule formation.

Exercise 30. Capsule Staining (Muir's Method).

1. With needle or loop inoculate a broth-tube with Bac.
subtilis. (See Exercise 13.)

2. Prepare and dry a film on a slide. (See Exercise 19.)

. Wash slightly in alcohol then thoroughly in water.

4. Place for a few seconds in a mordant made up as
follows :—

w

Sat. solution mercuric chloride . 2
20 %, tannic acid solution . . . . 2
Sat. solution potash-alum. . . . . 5

parts

Wash -in water then place in methylated spirits for

one minute.

. Wash in water.

. Counterstain with methylené-blue for 30 seconds. (See
Exercise 25 and Note 6.) '
Dehydrate with alcohol.

Clear with xylol.
Mount in Canada Balsam,
The bacteria should be red and the capsule blue. .

Se® N »n
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Exercise 31. Contact Preparation.

I.

Select a fairly large colony in a Gelatine-plate culture
of Bac. megatherium, which is at least a centimetre
distant from any other colony on the same plate.
Lower a coverslip on top of it.

. Press coverslip down very gently on colony with a

pencil, or any other pointed article.

Lift up coverslip, without causing the slightest lateral
movement on the part of the coverslip.

Dry, fix, and stain in usual way. (See Exercise 19)



CHAPTER VI

Reserve food materials. Volutin, glycogen and oil-globules.
Gas production. Acid production. Indol production.
Milk cultures.

Reserve Food Materials.

In the cells of bacteria the main reserve materials which
can be easily identified by the use of reagents are Volutin,
Glycogen and Oil.

Volutin. This name was given by Meyer to this
particular reserve material because it was first found in
Spirillum volutans *. On account of the similarity with
cytoplasm which volutin exhibits in its reaction to stains, and
on account of other properties it is regarded as being of a
protein nature.

Exercise 32. To demonstrale presence of Volulin.

1. Melt an Agar-slope and add 5 or 6 drops from a
10"/, per cent. solution of dextrose.

2. Allow the Agar to set again as a slope.

3. In a small sterile tube, put in two or three drops of
sterile water, infect it with material from a culture of
Bac. megatherium which contains a plentiful supply of
spores. :

4. Place in boiling water for 2 minutes to kill off all the

vegetative cells.

Inoculate the Agar-tube with this material, and incubate

at 28° C, for two days.

wun

* This organism was not Spir. volutans but Spir. giganteum.
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The bacteria forming this culture will contain an
abundance of Volulin.

Bac. alvei is an organism whlch is easily available
and likewise shows an abundant development of volutin,

Others are Spirillum volutans and Bacillus
asterosporus.
Volutin stains a bright blue with methylene blue. The

following procedure is recommended.

1. Take out a loopful of the culture.

2. Mix it with a drop of methylene-blue (1 4 10).

3. After 5 minutes take out a loopful from the drop and
examine under microscope. The volutin globules stain
deep blue, the rest of the cell being either very faintly
stained or else not stained at all.

Glycogen.

Glycogen is the carbohydrate reserve food of bacteria
as it is of many other Fungi. Among the soil-bacteria its
presence has been demonstrated in Bac. carotarum, simplex,
cohaerens, asterosporus, subtilis, The writer has also foun:l
it in Cladothrix dichotoma among the Iron-bacteria.

Exercisc 33. To demonstrale presence of glycogen.

1. Add a loopful of the culture which it is desired to test¥,
to a drop of Iodine solution.
2. After 5 minutes take out a loopful from the drop and
examine under microscope.
If glycogen is present it becomes stained a sherry-brown
colour, the other components of the cell being much lighter
in colour or not stained at all.

Oil Globules.

In Bac. megatherium volutin globules are mixed with
oil-globules, and it is not possible to distinguish one from

* As Bac. megatherium is not suited for this exercise
the student is advised to make his test on Bac. subuhs.
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the other when the bacteria are examined in the unstained
condition. -

Exercise 34. Staining of Fat globules (Meyer’'s Method).

1. Subculture Bac. megatherium on an Agar-slope. After
two days incubation at 30° C., remove a small portion of
the culture, and examine in water to see if the cells
contain roundish strongly refractive bodies. In the
event of their presence proceed as follows.

2. Prepare the following stain.

fSudan III (amido-azo-benzol-azo-f3-naphthol . 1 gram.
1959% alcohol. . . . . . . . . . .20cc

3. Place a drop of 35°/, formaldehyde on a slide, and
mix with it a loopful of the Agar-slope culture. Allow
the formaldehyde to act for 5 minutes.

4. Add to the formaldehyde a drop of methylene blue and
keep stirring the mixture with the loop for 10 minutes.

5. After this interval add to the mixture a loopful of an
equal mixture of Sudan stain and water.

6. Examine under the microscope.

The cell plasm (cytoplasm) is blue, the fat globules
are red and the cell membrane weak 7red.

Exercise 35. To distinguish belween Fat globules and Spores.

1. Examine a three days old Agar-slope culture of Bac.
megatherium. This should contain young spores, and in
many of the cells fat globules will also be noticed.

2. Place a very little bacterial material from the top part
of the culture in a drop o. Chloralhydrate

Chloralhydrate . . . . 5§ grams
Water . . . . . . . 2cc
and mix well with the Plat. loop.

The fat glotules disappear while the spores remain as
sharply defined as when placed in water,
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Gas Production by Bacteria.

Gas production in the cultivation of Bacteria is a
comparatively frequent phenomenon. As certain species
under certain conditions of growth always produce gas,
whilst others never do so, we can make use of gas production
for purposes of diagnosis. Among the gases thus formed
we find Carbonic Acid, Sulphuretted Hydrogen, Nitrogen,
Hydrogen and Methane. Among these Carbonic Acid and
Hydrogen are most commonly formed.

Exercise 36.  Preparation of solutions of wvarious Carbo-
hydrates and other gas-producing foods.

Make 109/, solution of each of the following, glucose,

lactose, cane sugar, glycerine, galaclose, alcohol, mannite.
5 grams of glucose] _ 109 glucose.
50 c.c. water J 0

Keep in a drop-bottle, after sterilisation. Prepare 109/,
solution of each of the other substances in the same way,
label each and store until required.

A good drop-bottle for holding these solutions is shown
in Fig. 9g. :

Before storing it is advisable to find out the volume of
the drops if this type of bottle be used. Therefore with the
stopper in the open position allow the drop to fall into a
graduated jar and note the number of drops necessary to make
1 c.c. This number is about 20¢

for example {

Exercise 37. Preparation of Agar-tubes for gas-testing.

1. Place seven Agar-tubes each containing approximately
10 c.c. in a test-tube rack after having first melted the
Agar. .

2. In one allow 20 drops to fall from the 10°/, glucose
bottle. In the mext 20 drops from the 10°/, lactose
bottle, and so on until each tube has received 20 drops
from one or other of the 10°/, solutions prepared in
the vreceding exercise.
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[Calculation. The bottles (Exercise 36) were made up
of 50 c.c. water and 5 grams of (for example) glucose.

Hence 50c.c. contain . . 5 grams glucose
. Icc. contains . . s gram »
» 20drops contain . L "
»  culture-tube receives % ’

and as culture-tube contains approx. 10c.c.]
Therefore culture tube contains 1°/, glucose.

Exercise 38. Cullivation of bacleria in gas-producing media.

1. Melt the seven culture-tubes prepared in preceding
exercise.

2. Before they set again inoculate each with a loopful
from a culture of any one of the following bacteria.

Bac. acidi lactici.
Bac. subtilis.

Bac. asterosporus.
Bac. coli communis.
Bac. kiliense.

Bac. vulgare.

3. Place in incubator (30° C.) and observe, after growth
has taken place, whether any bubbles of gas are found
in the substance of the culture medium.

All the bacteria mentioned above produce gas in glucose-
media. Bac. megatherium gives a negative result in this
exercise.

[If the organism selected for this cxercise is known not
to liquefy gelatine¥*, more striking results are obtained in
gelatine rather than in agar-media. The procedure is exactly
the same as detailed in Exercise 37, only that seven gelatine
tubes are used instead of seven containing the agar-medium.]

‘Exercise 39. Gas-production in broth-cultures.
1. Pour approximately 10c.c. of broth into each of seven
test-tubes. :

* Among non-pathogenic organisms that are gas-pro=
ducers in a glucose-medium and also non-liquefiers of gelatine
may be mentioned Bac. coli communis and Bac. kiliensi neither
of which is difficult to obtain.
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2. Into each pour 20 drops from one or other of the

bottles containing the 10°/, solutions of various carbo-
hydrates etc. (See Exercise 36.)

Each broth-tube therefore will contain 19/, of the
added substance.

Into each broth-tube drop a small sterilised test-tube,
mouth downwards, into the broth. These small test-
tubes, used in this way are called Durham’s Fermen-
tation Tubes. One is shown in position in Fig.gec. Care
must be taken that the fermentation tube does not
enclose air when it is placed inverted in the larger
culture-tube.

Inoculate each tube with the organism under examina-
tion. (Sece Exercise 38 for choice of organism.)
Incubate at approximately 30°C. and note the result
after growth. If gas is evolved a part of it collects in the
tube and raises it up above the surface of the liquid.

Exercise 40. Cultivation of a Gas-forming organism in

Smith’s Fermenlation Tube.

Having now ascertained (Exercises 38 and 39) that a

certain bacterial organism produces gas, we may proceed to
make a qualitative examination and also a rough estimation
of the quantity of gas that is produced.

I.

@

TFill a Smith Fermentation Tube (see Ixercise 39)
(Fig. 9c¢) with glucose-broth taking care that the
longer arm is full to the top. This can be done by
careful tilting.

[The bulb is plugged with cotton wool, but care
must be taken that the space in the bulb between the
cotton wool and the level of the liquid in the bulb is
greater than the volume of the long arm.]

Sterilise.

Inoculate.

Tncubate at approx. 30° C.

[If Bac. coli is used, incubate at 37°C.|

. Examine for gas-production after 24 hours. Mark the
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extent to which the liquid in the long tube has been
driven down by the gas, produced by the bacteria.

6. Fill the short arm with 10°/, NaOH, and close
opening with the thumb. Shake vigorously. After the
shaking a diminution in the volume of the gas in the
long arm will be observed due to the absorption of that
part of it which is made up of CO,.

7. Still keeping the opening closed with the thumb, transfer
all the gas that remains in the long arm to the bulb.
Set a light to this gas. The presence of hydrogen and
probably methane will cause it to catch fire.

Other gases may be present but their detection requires
more elaborate apparatus.

If after the gas has begun to be formed in the long
tube, its volume is seen to decrease with further incubation,
this may be taken as due to the absorption of CO, by the
broth, for roughly speaking 1 volume of water dissolves
1 volume of CO,, whilst of the other gases likely to be
present in any quantity,

1 volume of water dissolves only o.019 vol. H
I ’ 12} i) ” i) 0-059 3] CH4
I ” ”» ”» »” ” O‘OI4 » N’

1t will be observed that the gas production cannot he exactly
measured by the employment of the Smith Fermentation
Tube as some of it escapes through the cotton wool plug.
It is possible, however, to obtain an approximate estimation.

Acid-production in Bacteria.

Many specics of bacteria decompose sugars with pro-
duction of one or more acids, the commonest being acetic,
butyric, lactic and oxalic acids. Thus some species decompose
glucose with acid production, and among these some produce
a greater amount of acid than others. Other species do not
decompose this sugar at all. We can therefore make use of
this diversity in relation to acid production for the diagnosis
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‘of bacterial species. It is obvious that it will be possible only

.if we employ a standard broth containing a standard quantity

of sugar. Further in all the experiments a fixed amount of

the broth must be used and a time limit set to the period of

incubation. Lastly the acidity must be calculated in terms
. of some selected acid e. g. sulphuric or hydrochloric acid.

Standard Normal Solution.

" A standard normal solution is such that one litre of the
solution contains the equivalent weight in grams of the
substance under consideration.

NaOH molecular weight 23 4+ 16 4+ 1 = 40, equivalent weight 40

8

HQSO4 " ” 2 + 32 +64 = 98’ ” ” 9?
=49

Hence a normal solution of NaOH will contain 40 grams
of NaOH per litre, whilst the same solution for H,SO, will
contain 49 grams of this substance. Made up in this way
it will be found that for example 10 c.c. of normal NaOH
will be neutralised by exactly 10 c.c. of normal H,SO, or
10 c.c. of any other normal acid solution.

Suppose we find that 100 c.c. broth culture develops an
acidity that requires § c.c. of a normal solution of NaOH

N o .
(written " NaOH) to neutralise it we proceed with our

calculation as follows.

1000 c.C. NT NaOH = 49 grams H, SO,
N

e — NaOH = ‘049 gram H,SO,
N

5 CC. - NaOH =245 , H,S0,.

Hence acidity = ‘2459 H,80, as we started from
100 c.c. of broth culture.
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The Student is advised to have in readiness standard

solutions of N N
—, — and ENS HCI or H,S0O,

1’ 10
ﬁ, E NaOH.
1’ 10

Exercise 41. Development of acidity in broth culture.
1. Prepare 100 c.c. of broth (Exercise 2) and add to it
2 grams of grape sugar.
2. Inoculate with Bac. megatherium, and incubate at
30°C. for 5 days.

3. Remove 10 c.c.,, and place in crucible.

4. Add a drop of phenolphthalein as indicator for titration.
Phenolphthalein . . . . . . § gram
50°/, alcohol . . . . . . . 100 cc.

In an acid solution this substance is colourless; in
an alkaline solution, red.

N
5 Add s NaOH drop by drop until the liquid becomes
permanently pale pink in colour. Suppose 5 c.c. of
N
P NaOH are found necessary to produce the pink colour.

N
10 c.c. of broth were necutralised by 5 cc. of o NaOH.

N
Hence 100 c.c. of broth would require 50 c.c. ofTNaOH
. O

' N
” 100 , » " ” » S » » _I—NdOI‘I.

If we calculate this in terms of H,SO, we can
obtain the percentage as follows.

NaOH = 49 grams H,SO,

If 1000 c.c.
N
I, - NaOH ='049 , H,SO,

5 4 ij— NaOH =245 , H,SO,.
Hence the acidity = 245 %, H,SO,.
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If we calculate in terms of HCl we proceed as

follows.
If 1000 c.c. N{ NaOH = 36'5 grams HCI
N
I NaOH = 0365 , HCI
N
5 T NaOH =-1825 , HCI

Hence the acidity = 1825 % HCL

Indol Production.

Indol is one of the final products of protein decomposition
and has the formula (C,H,(CH),NH). It combines with
nitrous acid to produce nitroso-indol nitrate, and as this
latter substance has a red colour, its appearance in a fluid
can be readily detected. The test for indol is consequently made
by adding a little nitrous acid to a broth culture in which
the presence of indol is suspected. The formation of a red
tinge in the broth indicates a positive result.

Exercise 42. Test for Indol. Method I.
1. Inoculate a broth-tube with Bac. megatherium and

another with Bac. coli communis.
2. Incubate 24 hours at 37° C.

3. Prepare Stock Solution as follows:
Water . . . . . . . . .1I00c.c.
Sodium nitrite . . . . . . 5 grams.

Take 2 c.c. of Stock Solution and dilute it to 100 c.c.

4. Add approximately one c.c. of diluted nitrite-solution
to every 10 c.c. of incubated broth solution.

5. Allow a little concentrated HCl to trickle down the
side of the tube. The acid acts on the nitrite and
nitrous acid is produced. The nitrous acid acts on
indol—if present—under production of nitroso-indol
nitrate.

The culture will consequently assume a red colour.
If the colour does not immediately appear, place
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the tube back in the incubator and examine agam after

¥ hour.

It will be found that Bac. megatherium gives a negative
reaction, whilst the red colour develops in the Bac. coli tube.

Exercise 43. Test for Indol. Mecthod II.
1. Same as in preceding Exercise.
2. Prepare the following Stock-Solution.
(a) Para-dimethyl-amido-benzaldehyde . 4 grams
(b) Absolute Alcohol . . . . . . 380 cc
(c) Conc. HCL. . . . . . . . 8cc
3. Place 2 c.c. of this Stock- Solutlon in a test-tube and
add to it 2 c.c. of the broth and 2 c.c. of Potassium
persulphate,
The presence of Indol is indicated by the appearance of
a rose-pink colour.
Bac. megatherium gives a negative, and Bac. coli a
positive reaction.

Milk Cultures.

If milk be sterilised, and different tubes of milk
inoculated with various bacteria, the reaction of the milk
will not always be the same. Some of the tubes will show anacid
reaction, others an alkaline reaction, and a third class will
exhibit neutrality.  Further, some of the tubes will show
curdled milk after mcubatlon others will be unchanged in
this respect. We may therefore use milk cultures for pur-
poses of diagnosis.

Exercise 44. Mk Culture.
1. Sterilise half a tube full of fresh milk by placing for
} hour in the steam steriliser on each of 3 successive
days.
2. Inoculate with Bac. megathenum
Incubate at 30° C. for 3—4 days.
. Place some blue litmus paper in the culture. Observe
that the paper turns red, showing the presence of
acid.
Observe also that the milk is coagulated.

ENEN

o



CHAPTER VIL

Anaerobic bacteria. Methpds of plating and of cultivating
anaerobic bacteria. Methods of estimating the size of bacteria

and of other minute objects. Production of H,S.
Milk Cultures.

Cultivation under anaerobic conditions.

The remarkable fact was discovered by Pasteur that there
is a class of bacteria, the members of which not only prefer
to grow in a medium from which all oxygen has been ex-
cluded, but are not able to grow at all unless oxygen has
been rigorously excluded. It has since been discovered that
if the oxygen be supplied to these organisms in an extremely
dilute form, even the most rigorous anaerobes, as these
organisms have been called, use up the oxygen. Some of
them will not grow at all under ordinary atmospheric
conditions (obligative anaerobes): others again prefer to
grow without oxygen, but the presence of oxygen does not
retard their growth (faculative anaerobes). We have seen
that Bac. megatherium grows vigorously when plentifully
supplied with oxygen and have now to find out whether its
growth is equally vigorous under anaerobic conditions.

There are four methods in general use for the removal
of oxygen.

1. Mechanical. When the air is replaced by a neutral gas
like coal gas.

2, Chemical. When a substance is placed inside the
receptacle which readily absorbs oxygen.

3. Exhaustion. When the air is removed by a vacuum
pump. :



64 Cultivation under anaerobic eonditions.

4. Combustion. When some substance is burned inside
the tube or vessel.

The gases which are used to replace the air by dis-
placement are
Coal-gas,
Hydrogen,
Carbonic acid gas.

A very suitable substance for the absorption of oxygen
and one which has the additional advantage of being easy
to prepare and convenient to use is potassium pyrogallate
which can be prepared by the action of caustic potash on
pyrogallic acid. The most convenient as well as the most
effective method of driving out the oxygen in a vessel is first
to drive out mechanically as much as possible by means of
coal-gas and then to absorb the remainder by the intro-
duction of K. pyrogallate,

FFor the study of anaerobic bacteria it is advisable to
‘catch’ one from the outside and to defer testing the capacity
of Bac. megatherium until the following exercises have been
accomplished.

Exercisc 44. Method of searching for anaerobic bacleria.

1. Place some water in a 500 c.c. beaker and in it immerse
either a fragment of a potato, or a portion of a
mushroom or a bit of elder pith.

n

Place the beaker, supported on a tripod stand, in a
Bulloch vessel (see the explanation of Fig. 25).

3. In the bottom of the vessel place:

(a) 145 c.c. water,
(h) 2.4 grams dry pyrogallic acid,
(¢) 109 grams caustic potash.

4. Open hoth taps (they must be well greased), connect
one with a gas tap and the other with a tube leading
into some place where the gas after passing through
the vessel can escape to the outside.
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Open both taps and keep them open until it is considered
that the air inside the vessel has been displaced by
coal-gas.

Close Dboth taps and place the apparatus in an 1n-
cubator at 37° C.

In a few days the water in the beaker will be ready
for plating.

Fig.