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56 HOUSEHOLD BACTERIOLOGY

consisting of chains of more or less cylindrical cells united end
toend. These hypha may simply serve the purpose of securing
nutriment from the material in which they are growing, and are
called vegetative hyphe; or they may produce spores, when they
are said to be fertile hyphe. The whole mass of vegetative
hyphe, the real plant body of the mold, is called the mycelium.

Fic. 56. Non-septate mycelium of Mucor. (Photomicrograph, X 500.)

Structure of the Mycelium. — The mycelia of molds are of
two types, septate and non-septate. In the former the hypha
are divided at intervals by cross walls or septa; that is, the
thread is divided into distinct cells. In the other type cross
walls are wholly absent or occur only occasionally, the whole
mycelium being thus made up of a more or less branched con-
tinuous tube containing protoplasm. This latter condition is
sometimes described, though not accurately, by saying that the
entire plant body is a single cell. In the molds having the septate
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MORFPHOLOGY OF THE MOLDS 57

mycelia each cell contains a single nucleus. A division of the
nucleus is followed by the formation of a cross wall separating
the two cells. In the non-septate type, on the other hand,
there are numerous nuclei embedded in the protoplasm, and the
division of a nucleus is not followed by the formation of a
septum. Since a cell may be defined as a nucleus surrounded

Fic. 57. Septate mycelium of Aspergillus growing on an agar plate culture.
( Photomicrograph, % sc0.)

by a bit of cytoplasm, such a mycelium may be regarded as
multicellular. The term cenocyle is sometimes used to indi-
cate this type of structure. The ccenocytic or the septate
condition of the mold mycelium is an important factor in
classification ; the two principal divisions of the molds may be
differentiated by this means. v
The structure of the cells of an hypha does not differ madterially
from that of the yeast cell. Each cell has its cell wall and its





































































8o HOUSEHOLD BACTERIOLOGY

Thom.! Belowisa key? to a few species that are readilv deter-
minable from the materials upon which they grow

F16. 79. A portion of the surface of a moldy apple showing the coremia of
Pentcillium expansum projecting above the surface. (Photomicrograph, X 10.)

Trichothecium (Cephalothecium). — The members of this
genus are not uncommon on decaying fruits, particularly apples.

= 1U. S. Dept. Agriculture, Bureau of Animal Industry, Bull. z18.

:hEY TO SPECIES OF PENICILLIUM DETEEMINABLE FROM
SUBSTRATUM
A. Growing on cheese.
1. Camembert or Brie.

g. Floccose colonies, white to gray green . . . Penicillium camembertis
b. Powdery colonies, yellowish white.
(1) Sporessmooth . . . . . .« « .« . &P.Oremicaule var. glabrum
(z) Sporestuberculate . . . . . . . . P. brevicaule var. album
¢. Forming vellow brown areas, sporesrough . . . . . . P. brevicawule
Roquefort, forming green streaks inside cheese . . . . . P, rogueforiv

B. Growing on citrus fruits (lemons, oranges).
1. Mold colonies blue-green FP. dalicum
2. Mold colonies olive. green el oty e T . P. 4-"‘“-?.‘"‘”"””
C. Growing on pomaceous fruits (apples, pears).

Hlm--pn-:-u colonies flsl‘]]]iﬂ},.: COremia . " B & O m " " . f’.n:"l',"'.u.'\'um
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CLASSIFICATION OF THE MOLDS 83

are termed coremia. The spores are borne usually at the tips
of the hyph@ constituting these coremia, sometimes also along
the sides.

Isaria. — This genus is characterized by its lack of brown or
smoky pigment in the spores and hyph@. The spores are borne
singly on the sides or tip of the coremium. The latter is usually

Fic. 83. Alternaria, showing conidia, conidiophores, and mycelium. (Photo-
micrograph, X 400.)

more or less club shaped or cylindrical, and is sometimes
branched. The spores are not grouped in definite heads.
Species of Isaria develop not infrequently upon culture media
exposed to the air, upon potatoes, and other vegetables (Fig.
54 ).

Stysanus. — This genus differs from Isaria in the dark color
of the spores and hyphz. The coremia bear spores usually
only near the tip. The spores are produced in chains. The







































QO HOUSEHOLD BACTERIOLOGY

organisms through them, have been placed upon the market.
These are prepared in many sizes and shapes, the most commonly
used being those that go by the name of the Berkefeld, the
Pasteur, and the Chamberland filters. It is. of course, m*:..'t*.;:ﬁury
that the vessels used and the filters themselves be sterilized be-
fore any attempt is made to remove bacteria by means of filtra-

e ——

Fi1c. go. Various types of porcelain filters for sterilization of liguids by filtration.

tion. Filtration is particularly useful as a means of sterilization
when we are dealing with substances like blood serum which
are very easily changed by heat, particularly sera containing
antitoxins, and all culture media containing toxins. These
filters have been advocated as being useful in the purification
y on

of drinking water. In some cases they are screwed direct
the tap. It is found that in most cases the bacteria do penetrate
these filters in the course of time, and such filters therefore must

be sterilized at short intervals if they are to remain efficient.







































PURE CULTURE METHODS IN BACTERIOLOGY 109

about. They are surrounded with suitable nutrients and begin
to grow. In the course of a few hours or days each organism will
have multiplied if yeast or bacteria, or increased in size if mold,
until the mass becomes visible to the unaided eye as a colony.

F16. 04. Tsolation of pure cultures by plating. An agar plate showing the isolated
colonies from which pure cultures may be secured.

In most instances each colony originates from a single organism,
and is therefore a pure culture from which transfers may be
made directly to suitable media. The simplicity of this method
has made it the one most commonly used in the laboratory.
Selective Media, Chemicals, and Heat. — A medium suited to
the growth of one species of organism may be wholly unsuited to
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CHAPTER XIII

STUDY OF GROWTH CHARACTERS IN PURE CULTURES

THE growth characteristics of bacteria in cultures are often
useful in assisting in the differentiation of species. The same
is true with yeasts, and to a less degree with the molds. In the
latter, the classification is often based wholly on morphology.

The Society of American Bacteriologists, through a committee,
has evolved and adopted a very satisfactory outline for such
records. (See Chart, opposite.) It must be modified In some
instances to fit special cases, but is broad enough to cover most
forms. It will serve as a basis for the following discussion.

CUuLTURAL CHARACTERS OF BACTERIA

The culture to be studied may be a colony on an agar or
gelatin plate, a slant or streak culture on some solid medium,
a stab culture in
gelatin or agar,
or a culture in a
liquid medium,
such as broth or
milk.

Colonieson
Agar and Gelatin
Plates.— The ap-
pearance of col-
onies of the same
organism may dif-
fer as a result of
variations in the
composition of the

- l
Fi6. g8. Colony showing concentric rings. ( X 40.) medium, One
IL2
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GROWTH CHARACTERS IN PURE CULTURES 113

| Fi1c.99. Bacterial colonies on agar plate. Large colony to left is floccose, large
colony to right shows concentric markings. (X 20.)

Fi6. 100. Portion of a plate culture showing a considerable number of deep

- spherical and lens-shaped colonies. (X 10.)










TTH HOUSEHOLD BACTERIOLOGY

the mass of organisms. A thin, spreading colony is said to be
flat. 1f scarcely visible, as a very delicate film over the surface,
it 1s said to be effuse. A raised colony is one which 1s uniformly
thickened and with a well-defined margin. A convex colony 1s
one which is somewhat thicker in the middle than at the edges.
A pulvinate colony is one which is decidedly convex. A capitale

Fic. 104. Colony margin and structure. Curled margin, interior slightly granular
and wrinkled.

colony is one that is hemispherical. A colony having a knob or
elevation near its center is said to be wmbonate; one that has a
depression at the center is termed wmbilicate. 1f the colony
studied is upon gelatin, it may liquefy the medium. The
margin of a colony, when viewed under the low power of the
microscope, may be entire, or without irregularities; undulate,
or wavy; lobate, with rounded lobes : lacerate, as if torn or

il o i e, il 1
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GROWTH CHARACTERS IN

shredded ; fimbriate, with
a fringe; filamenlous, con-
sisting of filaments like del-
icate hypha; or curled,
like a cluster of hairs.

The topography of the
surface of a colony may
be smooth, rough, ringed,
radiate, or siriate.

Slant or Streak Cultures
on Solid Media. — A slant,
slope, or streak culture of
an organism 1is prepared
by drawing an inoculated
needle in a straight line

Fic. 106, Margin of a very irregular colony

(lacerate). (X 100.)

PURE CULTURES L1y

Colony showing a moruloid struc-
ture. (X 100.)

over the surface of a medium.

This medium may be
one rendered solid with
agar or gelatin; it may
be coagulated blood
serum or egg; or the
cut surface of a potato,
starch paste, etc. It
1s customary to note
in these cultures the
amount and form of
growth (Fig. ro7), its
elevation, luster, to-
pography, optical
characters, color, odor,
consistency, and any
changes produced in
the medium.

The amount of
growth may be de-
scribed as invisible,















122 HOUSEHOLD BACTERIOLOGY

CuLTURAL CHARACTERS OF YEASTS

I'1c. 110. Colony of yeast on beerwort agar.
(Photomicrograph, X 20.)

Yeasts may be studied
in exactly the same man-
ner as bacteria with refer-
ence to their appearance
when grown in cultures.
Thesame descriptive terms
may be used. The types
of media best adapted for
their growth, however, are
not the same as those most
favorable for bacteria.
Sugar broths, synthetic
media, wort,and must with
or without the addition of

agar or gelatin are most commonly used for their cultivation.

Fic. 111. Margin of a colony of yeast. (X 100.)
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Gas Production. — Gas is produced as a result of fermenta-
tion of carbohydrates by most species of yeasts, by many species
of bacteria, and by a few species of molds. Itisa very important
means of differentiating related species of organisms. A few
bacteria can also produce gas from proteins. The gases com-
monly formed by bacteria are carbon dioxide, methane, hydro-
gen, and nitrogen.
The ability to pro-
duce gas may be
tested by inoculating
a liquid culture of
agar or gelatin con-
taining a suitable
carbohydrate with
the organism to be
studied. If gas is
evolved, the medium
will be broken by
numerous bubbles
(Fig. 112). For a
quantitative deter-
mination, it is cus-
tomary to use a fer-
mentation tube. The
closed arm of this
tube is entirely filled Frc. 2. Gas formation in dextrose agar shake

and the open arm A

partially filled with a liquid medium containing the car-
bohydrate under investigation. After sterilization, the or-
ganism may be inoculated into the open arm, and any
gas produced will collect in the closed arm. The amount
of gas which forms may be determined by the use of a
Frost gasometer (Fig. 113). An approximate determination
of the composition of the gas produced may be made by fill-
ing the open arm with normal sodium hydroxide and covering
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CHAPTER XVII

RELATIONSHIP OF MICRDE)RGANISM§ TO
CHEMICAL ENVIRONMENT

Relationship of Free Oxygen to Growth of Microdrganisms. —
Some microdrganisms will not grow in the absence of free oxy-

T

Fic. 120. Growth of anaérobic organisms in stab cultures in agar. Air i3 excluded
by layer of oil at surface.

gen, others will not develop in its presence, while still others
can adapt themselves to either condition. An organism which
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CHEMICAL ENVIRONMENT 150

or in part. Strong alkalies and acids do this. In other cases,
the chemical combines with the protoplasm of the cell, forming
new compounds and preventing the protoplasm from function-
ing. Such substances are formaldehyde and the salts of some
of the heavy metals. Organisms may be destroyed by the
extreme plasmolysis induced by a concentration of solutes.

Fic. 124. Toruke from pickle brine. These organisms can develop in higher
concentrations of common salt than most other forms, (X 500.)

Such is the preservative action of sugar in jellies, candied fruits,
etc.

In general a disinfectant is active only in the presence of
moisture. This is in part due to the fact that some disinfectants,
such as the salts of the heavy metals, are not efficient unless ion-
ized. For example, mercuric chloride dissolved in absolute
alcohol is far less efficient than when in solution in water. It is
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PHYSICAL EFFECTS PRODUCED BY MICROORGANISMS |[}g

species of such have been described. Most of them have as
their natural habitat the ocean. It is not difhcult to cultivate
these organisms upon artificial media containing preferably a
considerable proportion of common salt and sugar. Under these
conditions a slant agar culture in a test tube will give off
sufficient light so that the time of day may be told by holding it

F1G. 126, Photogenic bacteria colonies on a plate photographed by means of their
own light. (Lafar.)

against the face of a watch when in a dark room. These organ-
isms are sometimes observed in fish markets or upon decaying
fish upon the ocean beach, causing the fish at night to glow with a
phosphorescent light. They probably account in part at
times for the phosphorescence of salt water. None of them,

however, is of great economic importance. The conditions for

development are plenty of oxygen and food material, usually

the presence of common salt, and a moderate temperature. In
















































































































































CHANGES PRODUCED BY MICROORGANISMS 217

are native to the acid soils of peat bogs, such as the heathers
and certain of the orchids, grow symbiotically with a mold. The
roots of the alder and the Russian olive and related trees are
generally found to produce nodules or tubercles of considerable
size in which a mold or bacterium develops. It is believed that
all of these mycorrhizas are important in taking up nitrogen
from the air and in
converting it into a
form so that it is
ultimately utilized
by the plant upon
which the organism
is growing. One

species of bacterium,
Bacillus radicicola,
occurs upon the
roots of all legumi-
nous plants, such as
peas, bean, vetch,

honey locust, etc.
It enters the roots
through the young
root hairsand causes

an irritation of the

Fic. 132. Nodules on the roots of the sweet clover, a
legume (natural size).

tissues.  These respond by the development of a nodule
or tubercle in which the organisms find favorable conditions
for rapid growth and development. Carbonaceous material
is furnished as food to the organism by the plant, and the
organism in return takes up atmospheric nitrogen, a part of
which ultimately becomes available to the .legume as food.
The capacity of leguminous plants for taking up atmospheric
nitrogen and incorporating it into their bodies in this man-
ner through the agency of the organisms on the roots is
one of the most important points in agricultural economy.

Leguminous crops when grown and plowed under add appre-
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MNote the darkly

a. under low power objective.

b, a portion of the preceding more highly magnified.

vulgaris).

Sections of leguminous nodule (from the garden bean, Phaseolus

stained cells in the interior of the nodule filled with bactena.

133.
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250 HOUSEHOLD BACTERIOLOGY

greater uniformity in flavor and texture secured. Milk soured
in this manner may be flavored with fruit juices and frozen into
a kind of milk sherbet. This has been marketed under the
name ““lacto.” The alcoholic beverages produced from milk
and discussed in the preceding chapter owe their acidity to
organisms of this group.

The ripening of cream preparatory to churning is essentially
a souring induced for the purpose of rendering churning easier,
and to impart cer-
tain desirable fla-
vors and aromas to
the butter. Butter
may be churned
from sweet cream,
but such is not sal-
able in most parts
of the United
States, although in
some parts of Eu-
rope it is preferred.
The bacteria nor-
mally present in
the cream will usu-
Fic. 152. Bacterium bulgaricum, in milk, stained by ally pruduce the

Gram's method and counter stained with eosin. acid and other pro-

Gram positive organisms are dark in color, gram  4,,0t5 desired. and
negative lighter. (X 1000.) ; §

dependence is
placed upon these in the manufacture of butter in the home
or on the farm. In the creamery, however, where the cream
comes from many sources and is often old and with objection-
able bacteria present, another method is resorted to. The
cream is pasteurized, then inoculated with a pure culture
of lactic acid bacteria of this group, termed a starfer. By this
means a butter much more uniform in character can be obtained
than by relying on the forms initially present in the cream.




LACTIC ACID

Cheeses of certain types
are prepared from curd of
sour milk. This is not usu-
ally ripened as are other
cheeses. Lactic acid bacteria
also play a part in the ripen-
ing of all cheeses. They will
be considered later in detail.

Baclerium bulgaricum
Group. —This group is
named after its best known
representative, Baclerium
bulgaricum. The organisms
of this group have not been

FERMENTATION
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H

Fic. 153. Colony of Bacterium bulgaricum
under the low power of the microscope.

as much studied as those of the others, and the nomenclature

2 y

Fic. 154. Colony of Bacterium bulgaricum under the higher power of the
mid rosCope.
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1s somewhat confused. All are relatively large rods, sometimes
hlamentous. In young, rapidly growing cultures they are
usually 2p—3u in length and from 0.5 p~1 ¢ in diameter.
In older cultures some of the species, particularly the true
Bact. bulgaricum, form threads many microns in length.

Fic. 155. Stab cultures of Baclerium bulgaricum in agar (lactose). Under
oil.

The organism is gram positive in young cultures, but the
old filaments are often gram negative. Sometimes one por-
tion of a filament will take the Gram’s stain and the re-
mainder will not. Metachromatic granules are present in
some types and are absent in others. They may be easily
demonstrated in a mount stained with methylene blue. None
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2 58 HOUSEHOLD BACTERIOLOGY

““barszcz ' (or ““ borsch '), composed of red beets that have
undergone a lactic fermentation.

The preparation of sour dough bread already discussed is
based upon lactic acid fermentation by bacteria, probably
largely organisms of the Bacl. bulgaricum group. Ensilage,
composed of shredded corn, alfalfa, sorghum, beets, or other

Fic. 160. Organisms present in souring canned tomatoes. Note presence of both
yeasts and bacteria. (X 1000.)

similar materials, undergoes a lactic fermentation and owes its
preservation largely to the presence of this acid. A CET’!Z:.:Lil’I
amount of lactic acid fermentation is sought in the preparation
of some beers. This is true in the so-called ginger beer discussed
under alcoholic fermentation. Formerly a lactic acid fermen-
tation constituted an early step in the preparation of tomatoes
for ketchup.
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200 HOUSEHOLD BACTERIOLOGY

are found to consist, at least on the margins, of masses of long
filaments like curled hair. In gelatin stabs these filaments
radiate from the
line of stab, giving
a characteristic in-
verted fir-tree ap-
pearance. The
gelatin 1s liquefied.
Milk is first coag-
ulated by a rennet-
like enzyme and
the casein after-
wards digested.
Blood serum and
some other proteins
are also liquefied.
Peptones and

Fic. 173. Bacillus mycoides. Note long chains of amino acids are
truncate rods. Some of the cells show incapient
gpore formation. (X 1000.)

formed, eventually
a large proportion
of the nitrogen appearing as ammonia. Occasionally aromatic
compounds such as skatol
and indol may be formed, as
also some of the fatty acids,
such as acetic, butyric, and
valerianicc. = The impor-
tance of these organisms, in
nature in decomposing
nitrogenous compounds
with the formation of am-
monia can scarcely be over-
estimated. They are es-
sential in agriculture for

the maintenance of $0il p 174, A colony of Bacillus subtilis on
fertility agar, by reflected light, (X 10.)







































































































324 HOUSEHOLD BACTERIOLOGY

times being introduced. The immunity of the horse increases
rapidly under this treatment. This process of immunization is
continued for several months, then the antitoxin'is secured
from the blood of the horse by introducing a hollow needle or
canula into the right jugular vein and allowing the blood. to
flow into a sterile jar. About a liter of blood can be drawn for

e

L

F1G. 17g. Injection of diphtheria toxin into a horse. (After Kraus and Levaditi.)

every roo pounds weight of the horse. The animal is allowed
to regain its strength, when injections are begun again, and after
a time the bleeding may be repeated. The blood is placed in a
refrigerator until it has clotted and the clear straw-colored serum
has separated from the fibrin and corpuscles. This is pipetted
off and constitutes the antitoxin of commerce. Before being
used, its strength or potency is determined by finding out how
much diphtheria toxin a given amount will mrutrniir:& '["hI.vj 15
accomplished by mixing definite amounts of toxin with varying
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amounts of antitoxin and injecting into guinea pigs. In this
manner the number of immunity unils is determined. Before

(After Levaditi.)

Fic. 180. Bleeding a horse to secure serum containing antitoxin.

being sold, it is filtered through porcelain filters to remove any
bacteria that may have gained entrance during the manipula-
tion. A small amount of preservative is also usually added. It

















































































































































































384 HOUSEHOLD BACTERIOLOGY

sucrose. The ratio of hydrogen to carbon dioxide from dextrose
is approximately two to one. Indol is formed in Dunham’s
solution. Bacillus coli is
not now commonly regarded
as pathogenic, although
many authors have ascribed
disease-producing powers to

it. This is largely due to
the fact that they have not
discriminated carefully be-
tween Bacillus coli and
some of the other organisms
belonging to the intestinal
group. However, when
F1G. 196. Colony of Bacillus coli on agar. hroth cultures of this organ-

Sanae:) 1Ism are injected intraperi-
toneally into a guinea pig, the animal dies, usually within three
days. In man it has been known occasionally to invade the

gall bladder and is probably a not uncommon cause of gall *

stones. It has also been described as producing inflammation
of the urinary bladder.

Methods used in the isolation and identification of this or-
ganism in water analyses will be discussed in Chapter XLVI.

Bacterium lactis aérogenes

Synonym. — Baclerium aérogenes, Bacillus lactis aérogenes.

This organism was first described by Escherich in 1885 as the
cause of the souring of milk. Since that time it has been found
repeatedly under the same conditions as Bacillus coli, that is,
it has proved to be one of the common intestinal organisms.
Its relationship to the souring of milk has already been dis-
cussed.

Morphology and . Culture. — The organism differs morpho-
logically from Bacillus coli principally in the total absence
of flagella, i.e, the organism is non-motile. Under suitable

PR
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conditions it is able to produce capsules when grown in milk.
The colonies of Bacteriwm lactis aérogenes upon agar and gelatin
are thicker, larger,
and more slimy
than those of the
colon bacillus, and
milk is curdled
even more rap-
idly. The phys-
iologic characters
do not differ
markedly from
those of B. coli.
This organism fer-
ments  dextrose,
lactose, sucrose,
and starch with
the production of
both acid and gas.
Cultures upon potato generally show gas bubbles. Indol is
formed in Dunham’s solution.

Disease Production. — This organism is not known to be
pathogenic. In water analyses it is frequently classified with
B. coli, inasmuch as they are so closely related.

Fi16. 197. Bacillus enleritidis. (X 1000.)

SUBGROUP II. INTERMEDIATE OrR ENTERITIDIS SUBGROUP

The organisms belonging to this group have been described
by different authors under various names and sometimes so
inadequately that considerable confusion exists as to the differ-
entiation of species. Most of the organisms belonging to the
group are important in producing disease as secondary invaders.
The organisms to be discussed are Bacillus enteritidis, B. para-
typhosus, and B. typhi murium. In addition to these B. cholere
suis 15 frequently associated with hog cholera, and other organ-

isms of the group are known to produce disease in other domestic
2C
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mal inoculation must generally be resorted to in order to secure
a pure culture, the organism then being isolated from the char-
acteristic lesions. Pure cul-
tures are secured by rubbing
bits of infected tissue contain-
ing the nodules or tubercles
over the surface of coagulated
blood serum and incubating at
blood heat. The organism
does not usually show any
growth for a period of a week
or more. The colonies appear
at first as tiny grains, barely
visible to the naked eye. These
gradually enlarge and may be-
come confluent. After culti-
vation for a time upon protein
medium, transfers may be
made to glycerin agar. Upon
this medium it is usually pos-
sible to differentiate the bovine
and human tubercle bacilli
from each other. The bovine
bacillus develops characteris-
tically as discrete colonies

which rarely fuse to form a
continuous layer over the sur-

I -

face. The human bacillus, on

of human and beovine types on glyc- the ("."II'IITE!T'}-'. ETOWS much

erin agar. 1, bovine type. 2, hu- more luxuriantly; the colo-
man type. (After Griffith in report of 1

Fi. 201. Bacterinm tuberculosis, cultures

Boeal Comeain ) nies fuse and the growth be-

comes considerably wrinkled.
On glycerin broth, the growth appears as a more or less heavy
pellicle upon the surface of the medium. It is easily broken
to pieces and settles to the bottom when shaken.
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