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PREFACE

THE present volume is a revision of the lectures on veterinary
bacteriology given during the pastsix yearsto classesin the Division
of Veterinary Medicine in the Iowa State College. It constitutes
a serious attempt to put in usable form that fund of knowledge
concerning bacteriology which the student of veterinary medicine
should master. It is in no sense a text on pathology, and discus-
sion of purely pathological subjects has been minimized as much as
possible. The intention has been to confine attention as far as
practicable to those topics that unquestionably lie in the province
of bacteriology. This has been defined to include a discussion
of immunity and of the pathogenic bacteria, yeasts, molds, and
protozoa. ’

The book is not intended to serve as a manual of laboratory
practice, hence detailed discussion of methods and technic has
been omitted. Methods of significance in diagnosis or treatment
are given in greater detail in the discussion of specific organisms.

Several organisms causing diseases of man not transmissible
to lower animals have been included. In all cases they are closely
related to organisms baving significance to the veterinarian, they
cause diseases which are commonly confused with somewhat similar
diseases of lower animals, or they are valuable as illustrations
of methods of immunization, treatment, or diagnosis. Such
organisms are relatively few in number.

A group system of discussion of the pathogenic bacteria has
been adopted. The classification used has proved very helpful in
my own classwork. The groupings used are not entirely satis-
factory, in part due to the fact that some of the species have not
been adequately described and differentiated in the literature.
An effort has been made to point out the deficiencies in our present
knowledge, both to give a better balanced presentation of the sub-
ject and to stimulate interest in the solution of the problems.
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10 PREFACE

The pathogenic protozoa constitute a group which is particu-
larly difficult to treat adequately, largely due to the rapid growth
of the subject. Relatively few of the forms, moreover, are of
immediate interest to the North American student.

I wish gratefully to acknowledge the assistance of my wife in
the preparation of illustrations and revision of manuscript, that
of Mr. Chas. Murray in proof reading, and that of Dean Chas. C.
Stange and Dr. Murphy, of the Division of Veterinary Medicine,
for critical reading of the manuscript.

R. E. BucHaNAN.
Iowa StaTeE CoLLEGE, AMES, lowa.
July, 1911,
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VETERINARY BACTERIOLOGY

SECTION |

MORPHOLOGY, PHYSIOLOGY, AND CLASSIFICATION
OF BACTERIA

CHAPTER I

INTRODUCTION

BacrERIOLOGY may be defined as that branch of science which
treats of bacteria, their forms, and functions. Since the true
bacteria are plants, this science may be considered as a sub-
division of the great mother science of botany. Bacteria are
the direct or indirect causes of many pathologic conditions in
the bodies of animals, their study may accordingly be regarded also
as one of the fundamental sciences underlying medicine.

Certain of the microscopic unicellular animals (protozoa) are
likewise commonly considered in a discussion of bacteriology,
for some of them are known to cause disease, and have been
studied largely by means of the laboratory technic developed
by the bacteriologist. There are several other reasons for this
inclusion: the dividing line between bacteria and protozoa is far
from distinct, and it is impossible to determine in many cases
from a superficial examination of a new disease whether it is
caused by the invasion of true bacteria or protozoa. Further-
more, the line of demarcation between the true bacteria and that
group of plants known as fungi (including molds, mildews, smuts,
rusts, toadstools, puff-balls, ete.) is very poorly defined. Several
of the molds and yeasts are disease producing, and are generally
included in a discussion of bacteriology. Certain worms, mites,
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18 .VETERINARY BACTERIOLOGY

insects, and other higher forms of animal life are likewise fre-
. quently parasitic, but are excluded from consideration here.

Medical bacteriology may be defined as that branch of bacteri-.
ology which treats of those microorganisms (including the true bac-
teria, molds, and protozoa) that produce disease in the animal
body or are related directly or indirectly to the maintenance of
health.

The history of veterinary bacteriology is closely linked with that
of general medical bacteriology, for many of the diseases of man
are transmissible to animals and vice versa. It should be remem-
bered that both are merely subdivisions of a great science, concern-
ing which it is important that the student should gain some-
thing of a perspective view, particularly with reference to its
history and development. This development has been so rapid,

A%
8%”_"\/\0
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Fig. 1.—Leeuwenhoek’s drawings of bacteria: A, B, Bs;cilli, probably; C-D,
path of movement; E, cocci; F, Leptothrix, probably; G, spirillum.

and so many of the important discoveries have been made within
recent years, that it is frequently difficult to determine their
relative importance. However, certain facts and personalities
stand out so conspicuously that they are deserving of brief con-
sideration.

The Microscope and its Influence.—The existence of living
plants or animals smaller than can be seen by the unaided eye
was conjectured by several of the Greek philosophers and phy-
sicians who used such theories in their speculations on the origin
and cause of fermentation and disease. Until the discovery
'of the microscope such speculations were without any basis in
fact.

Leeuwenhoek (1632-1723), in the course of his examinations
of a great variety of natural objects by means of the somewhat
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crude lenses of his own manufacture, chanced to observe the
presence of motile and motionless microérganisms in the tartar
from teeth -and in various decaying organic materials. His
correspondence with the Royal Society of London and the figures
published leave no doubt but that he actually observed bacteria.
These drawings are of such historic interest that they are here
reproduced.

Each advance in the efficiency of the microscope was followed
by an advance in our knowledge of the microérganisms, although
speculation frequently outran the ability to see clearly. The com-
pound microscope has proved to be indispensable in the study of
these forms. Since the introduction of this instrument the degree
of magnification, the clearness of definition, and the mechanic ar-
rangements for accurate focusing have been gradually improved
until at the present time the homogeneous oil immersion objective,
the compensating ocular, and the Abbé condenser are in constant
use in the laboratory, and enable us to secure readily magnifica-
tion to 1500 diameters or more. During the last several decades
there has been little increase in magnification, due to two reasons.
The greater the magnification the more convex and consequently
the smaller must be the lenses used in the objectives, and the more
difficult becomes their grinding and adjustment. Furthermore,
the physicist tells us that a clear view, with determination of the
size and shape of microscopic objects, cannot be obtained when the
objects examined are smaller than one-half the wave length
of the rays of light in which they are examined. There is thus
a seemingly insurmountable barrier set to an indefinite increase
in magnification.

A recent advance has been made through the development of
the ultramicroscope. This has made visible objects much smaller
than those which had been previously observed. A bright gleam
of light from an arc or similar source is passed across the darkened
field of the microscope, and the light is reflected to the eye from
any particles that may be in suspension. These objects are
seen in the same manner that minute particles of dust are made
visible in a bright ray of light that enters a darkened room. The
use of the ultramicroscope has not as yet added many facts of
value to our knowledge of the bacteria.
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Nature and Classification of Microorganisms.—Leeuwenhoek,
whom we have seen to be the first observer of bacteria, contributed
very little to a knowledge of their essential nature. F. Miiller
(1786) worked out a simple classification, but did not differentiate
between bacteria and protozoa. To him we owe several of the
group names applied to bacteria, such as bacillus, vibrio, spirillum.
Ehrenberg (1795-1875), with the improved microscope and
lenses at his command, prepared the first logical classification of
bacteria. He differentiated the true bacteria from the protozoa,
and his arrangement is the basis for the classification used most
extensively at present. Cohn (1828-1898) elaborated and modi-
fied Ehrenberg’s classification. With the continued improvement
in the microscope and laboratory technic, more careful studies
of structure, form, and relationships have been rendered pos-
sible, and many classifications and groupings for Dbacteria
have been suggested. The difficulty in finding morphologic
characters that are accurate indices to true relationships
has made the subject a troublesome one. The classification
of bacteria most commonly in use at present is that of Migula,
published in 1900 in Engler and Prantl’s ¢ Synopsis of the Genera
of Plants.” As will be seen from the discussion recorded in
Chapter V, under the heading of Classification, even this system
is not wholly satisfactory.

Spontaneous Generation.—In ancient times and even during
the middle ages it was generally held by the philosophers and
scientists that living things, animals, and plants, could arise de
novo. Among the first observations that created doubt in man’s
mind as to the validity of this belief was that of Francisco Redi,
who covered meat with gauze to protect it from flies, and found that
maggots did not develop in it spontaneously, but arose from the
eggs which the flies deposited on the screen. This pointed the
path for other similar studies, and it was not long before the idea
of spontaneous generation of the higher forms of life was aban-
doned. When the microscope revealed the presence of myriads of
microorganisms in all decaying or putrefying materials, it was
concluded that these organisms arose without progenitors of their
own kind, but directly from the organic materials of their sur-
roundings. Boiling was believed to certainly destroy all life,
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yet it was found that boiled decoctions would not always remain
free from microdrganisms. The theory of spontaneous generation
of these bacteria was opposed by some and supported vigorously by
others of the best scientists of the time. Experiments were care-
fully planned and a great variety of materials used, paving the way
for the development later of the laboratory technic of the bacteriol-
ogist. The sterilizing action of heat, the antiseptic action of
certain chemicals, and the value of the cotton plug as a bacterial
filter were demonstrated. The theory of spontaneous generation
a8 a topic of contention practically disappeared about 1860.
This was largely due to the efforts of Pasteur, who, by a long
series of ingenious experiments, overthrew the last defense of the
supporters of the theory. The dictum, omne vivum ex vivo (all
life from life), is universally accepted at the present time, and the
controversy has little but historic interest.

Relationship of Microorganisms to Fermentation and Decay.—
As has been previously noted, some of the early philosophers
hazarded the opinion that decay might be caused by invisible
living beings of some kind. The causal relationship of micro-
organisms to decay and particularly to fermentation was first
definitely established by the work of Louis Pasteur (1822-1895).
He found the production of alcohol and carbon dioxid from sugar
was due to a yeast, that milk soured because of the activity of
bacteria, and that many of the familiar changes in organic sub-
stances were accomplished by microdrganisms. His conclusions
were strenuously opposed and ridiculed by the great German
chemist, Liebig. Doubtless the necessity for meeting the attacks
of the latter and of establishing his points beyond possibility
of refutation led him to devise and develop many of the laboratory
methods in common use at the present time. As a result of
Pasteur’s work the fundamental importance of bacteria in the trans-
formation of nitrogen and carbon compounds in nature, the
disposal of waste, the purification of water, the enriching of the
soil, and many of the changes in the manufacture of foods have
been established.

Relationship of Microorganisms to Disease.—The probable
causal relationship of micro6rganisms of some kind to disease
was argued as long ago as 1762 by Blencig, of Vienna. His
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theories were not generally accepted, and it was not until 1840
that Henle proposed what we have come to call the germ theory
of disease. He never succeeded in proving his point satisfactorily
because of the lack of proper methods and technic. Many
other writers within the next few years discussed the theory
and numerous facts were adduced in favor of it. The majority
of medical practitioners, however, put very little faith in it. The
argument that certain organisms were always present was met
with the statement that these organisms were the result and not
the cause of the disease. Davaine (1863) practically demon-
strated by inoculation experiments the causal relationship of a
bacillus he found in the blood of diseased animals to anthrax.
Pasteur (1865) proved the cause of a silkworm disease to be a
protozoan parasite. Koch and Pasteur later cultivated the
anthrax organism in the laboratory and showed beyond a doubt
its relationship to the specific disease. Improved laboratory
technic cleared up the cause of many .diseases within the next de-
cade or two. The discovery of the Bacillus tuberculosis by Koch
(1882) marks the real beginning of bacteriologic science. The
knowledge of protozoa as a cause of disease lagged somewhat
behind that of bacterial infections. Evans (1880) described
the trypanosome of surra and transmitted the disease by inocula-
tion experiments. In 1882 Laveran observed the Plasmodium
malarie, the cause of malaria.

Development of Laboratory Methods.—Progress was delayed
in the study of objects as minute as the bacteria because of the
lack of proper methods for their isolation, observation, and identi-
fication. Culture-media in which the pathogenic microorganisms
could be grown were used by Pasteur and Koch. To the latter
we are indebted (1882) for our knowledge of the solid media which
can be used for the isolation of organisms from mixed cultures.
The importance of this contribution can hardly be overestimated,
for the use of pure cultures lies at the very foundation of all
modern bacteriologic investigation. This one discovery accounts
in large measure for the rapid advance made during the next
two decades in the identification of the organisms producing
disease. The use of aniline dyes in rendering cells and their strue-
ture more plainly visible under the microscope we owe to Weigert,
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but the application to bacteriology was made by Koch. Since
their introduction successive advances in staining technic have in
every instance been followed by the discovery of new organisms
related to disease. The microscope, liquefiable media, and
anilin dyes constitute the trio of most important factors in the
development of the science of bacteriology.

Development of Theories of Immunity.—Knowledge that one
attack of certain diseases generally prevented a recurrence and
that diseases could not be indiscriminately transferred to all
species of animals has existed ever since the foundation of medi-
cine. Many theories have been advanced to account for this
phenomenon. A few of the names of investigators who have put
the facts into logical form for presentation and study should
be considered. Metchnikoff conceived that the white blood-cor-
puscles and some other body cells acted as scavengers and des-
troyed microorganisms in the blood. This theory in modified
form furnishes to-day the logical basis for many of the operations
of the practitioner. Von Behring (1890) published results of stud-
ies on the diphtheria bacillus in which he recounted the discovery
of the specific toxin of this organism and a specific antitoxin.
He laid the foundation for the present-day ‘ humoral ”’ theory
of immunity, which supplements so well the phagocytic theories
of Metchnikoff. Ehrlich has correlated and codrdinated the vari-
ous facts of the humoral theory and has made substantial additions
toit. He has created a terminology which has been quite generally
accepted and has proved most useful in discussion of the sub-
ject. So extensive have been researches in the field of immunity
during the last two decades (since 1890) that it has assumed
almost the rank of a codrdinate science.

Development of Sanitary Science and Preventive Medicine.—
In 1858 Murchison formulated the so-called pythogenic theory of
disease—i.e., that disease is caused by the emanations arising from
decaying or putrefying organic matter, and by the consumption
of such materials in water and food. This theory was quite com-
monly accepted, and its practical applications form the basis for
our modern sanitary science. The disposal of sewage and refuse,
the purification of drinking-water, and adequate systems of plumb-
ing were advocated and adopted before the germ theory of disease
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had been well formulated and established. The rapid accumula-
tion of evidence in favor of the germ theory gave rise to the art
of preventive medicine. Lister (1875) advocated the use of
antiseptics in the treatment of wounds and wound infection as a
direct method of combating the activity of undesirable bacteria.
The discovery of the means of transmission in most of the infectious
diseases has enabled man to take measures for their eradication.
Yellow fever, malaria, diphtheria, bubonic plague, and many other
diseases are now kept in check by the use of preventive measures
indicated by our knowledge of the manner in which they spread.
It is probable that greater advance will be made within the next
few years in the domain of preventive medicine, for mankind
is fast coming to realize that prevention is better than cure.




CHAPTER II

MORPHOLOGY AND RELATIONSHIPS OF MICROORGANISMS
CONCERNED IN DISEASE PRODUCTION

POSITION OF PATHOGENIC MICROURGANISMS

Differentiation of Animals and Plants.—The distinctions we
commonly recognize as differentiating plants from animals in
large measure disappear among the microscopic forms of life.
It is worth while, therefore, to discuss the factors that are taken
into consideration in the assignment of a particular microorgan-
ism to the animal or the plant kingdom. The difficulty arises
particularly in the differentiation of the bacteria and the protozoa.
Bacteria, as will be shown later, probably have in all cases a cell-
wall which in function is closely related to that of plants. A
cell-wall is frequently absent in protozoa, the limiting mem-
brane usually consisting of the ectoplast (see below) alone. The
composition of the cell-wall is in some cases like that of many
animals (chitin), in others like plants (cellulose). In shape
and habit of growth and reproduction the bacteria resemble
very closely certain undoubted plants among the blue-green
algee and the mold fungi much more than they do animal forms.
On the other hand, there are some types which intergrade with the
protozoa, so that there is at present doubt as to their correct
systematic position. In the matter of food supply and food
utilization some bacteria resemble higher plants, others resemble
animals. The possession of organs of motion by bacteria has
no direct bearing on the subject, inasmuch as undoubted plants
of the group of alge and many of the protozoa have them. The
evidence, on the whole, is much in favor of classification of the
true bacteria with plants.

Before beginning a study of the morphology or structure of
these microdrganisms, their position and relationships to the
other groups of plants and animals should be understood. Fol-

25
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lowing is a discussion of these various groups, with particular
emphasis upon the groups or subgroups of significance in medical
bacteriology.

The plant kingdom is generally divided into four great groups,
the Spermatophytes, or seed-bearing plants, the Pteridophytes, or
ferns and fern-like plants, the Bryophytes, or moss plants, and the
Thallophytes, including all plants low in the scale of evolution,
that have not become highly differentiated and that never have
roots, stems, and leaves. All of the plant-like organisms to be con-
sidered belong to this lowest group, Thallophytes.

The animal kingdom may be divided into the Metazoa, or
higher differentiated types, made up of many cells, and the Pro-
tozoa, or unicellular forms. To the latter group belong all the
animal-like organisms to be considered.

Subdivisions of the Thallophytes.—Following is a key or out-
line of the principal subgroups of the Thallophyta:

A. Unicellular forms, multiplying only by splitting of the cells

to form two equal daughter-cells. Never any sex cells.
I. Cells containing blue-green coloring-matter.

1. Schizophycee (Cyanophyces or blue-green algz).
II. Cells not containing blue-green coloring-matter.

2. Schizomycetes (Bacteria).

B. Unicellular or multicellular, multiplication by some method
other than simple fission. Frequently sexual repro-
duction occurs.

1. Cells containing green coloring-matter (chlorophyll).
3. Alge (sea-weeds, pond scums, etc.).
II. Cells without green coloring-matter (chlorophyll).
4. Fungi (yeasts, molds, mildews, rusts, smuts, toadstools,
puffballs, mushrooms, etec.).

Of the last group (Fungi) only two subgroups are of especial
pathogenic significance for the veterinarian, the yeasts and the
molds. These two, with the bacteria, constitute the three types
of microérganisms belonging to the plant kingdom that contain
forms pathogenic for animals.
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MORPHOLOGY OF BACTERIA
Shape of Bacteria.—Bacteria may be classified according to
shape into spheres, straight rods, bent or spiral rods, and filaments.
A spherical form is called a coccus (pl. cocct). Although the
coccus is theoretically spherical, there are many that appear some-
what flattened or ovoid when in groups or chains.
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Fig. 2.—Types of bacteria: Cocci, bacilli, and spirilla (Jordan).

A straight rod is called a bacillus (pl. bacilly).
A curved or spiral rod is called a spirillum (pl. spirilla).

" The filamentous bacteria are those in which the organism is
greatly elongated. No specific name has been given to this form.
Frequently the filamentous type exhibits branching and in other
ways resembles the mycelium of the higher fungi or molds. ‘
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Fig. 3.—Involution forms of bacteria: 1, Bacillus radwwola—a, Normal
rods; b, bacteroids. 2, Bacillus tuberculosis. 3, Bacillus subtilis. 4, Bacillus
aceli. 5, Bacillus pestis. 6, Actinomyces sp. 7, Spirillum sp. 8, Micro-
coccus aureus—a, Normal forms; b, involution forms.

When grown under favorable conditions, as a result of the
action of certain stimulation, many bacteria assume unusual and
abnormal shapes. Cells of this type are called involution forms.
Such cells are not necessarily incapable of continued growth and
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reproduction of the more usual or normal type when brought
under favorable conditions. Frequently, however, these cells
soon die and can no longer reproduce. Various bacteria differ
considerably with respect to the ease with which they produce
involution forms.

Grouping of Bacterial Cells.—The cells of bacteria are frequently
surrounded by a gelatinous material (capsule, see below) which
causes them to cling together in groups. This grouping in the
various types is so constant that it is used to differentiate various
genera from each other, and in some cases the species within
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Fig. 4.—Development of groups of cocci: 1, Development of strepto-
coccus; 2, development of micrococcus; 3, development of sarcina; 4,
development of staphylococcus.

the genus. Bacterial cells divide normally at right angles to the
longest axis of the cell. This allows of but little variation in the
grouping of elongated types, but as the cocci have no “longest
axis”’ they divide in various planes.

Some cocci divide constantly in the same plane or in a plane
parallel to the first. This results in the formation of a chain
of cocci. An organism showing this grouping i8 called a strepto-
coccus (pl. streptococcr).

Other cocci divide alternately in two planes at right angles
to each other. Such an organism will be found in twos (diplo-
eoccus) or in fours (tetrad or tetracoccus). Diplococci may also
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be produced by the breaking up of chains of streptococci into
pairs.

Cocci sometimes divide in three planes at right angles to each
other. This results in the formation of cubes or packets of cocci.
A packet of this kind is called a sarcina (pl. sarcine).
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Fig. 5.—Shapes and groups of cocci: 1, Single coccus (micrococcus); 2,
cocci in an irreguldr mass (staphylococcus); 3, spheric diplococci; 4, flat-
tened diplococei; 5, coffee-bean-shaped diplococci; 6, lanceolate diplo-
cocci; 7, streptococcus with short chains; 8, streptococcus with long
chains; 9, a streptococcus made up of diplococcus elements; 10, cap-
sulated micrococci; 11, sarcina.

A staphylococcus (pl. staphylococer) is a coccus whose planes
of division are not at right angles, or which divides at different
intervals with a consequent irregular grouping of the cells much
resembling grapes in a cluster.
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Fig. 6.—Types of bacilli.
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Bacilli occur either singly or in chains. The latter are some-
times known as streptobacilli.

Spirilla usually occur singly, although short chains of two or
three individuals are sometimes observed.

In a few bacteria the gelatinous envelop of the cell is greatly
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thickened, and the bacteria, either cocci or bacilli, are imbedded in
a mass of gelatin. Such a mass of cells is called a zooglea.

Size of Bacteria.—The unit of microscopic measurement is
the micron (pl. micra or microns) and is indicated by the Greek

Fig. 7.—Types of spirilla.
letter u. It is the one-thousandth part of a millimeter or, approx-
imately, the one twenty-five-thousandth part of an inch.

Bacteria vary considerably in size, from forms 0.1 u or less
in diameter, barely visible under the microscope, to forms

Flg 8.—Types of filamentous bacteria: A, Leptothrix; B, Cladothrix; C,
Nocardia; D, Actinomyces or Streptothrix.

100 # or_more _in _Jength. Most bacteria are between 0. 5 and
5 u in diameter and 0.54 and 10 # in length. Some bacteria
are undoubtedly too small to be seen with the highest powers of
our microscopes, hence less than 0.1 ¢ in diameter. We know of the
existence of these organisms by their effects. The organism caus-
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ing hog cholera, for example, is so small that it will pass through
the pores of a fine porcelain filter, and will cause disease when
injected into a healthy pig. Such an organism is frequently spoken
of as ultramicroscopic, or as a filterable virus.

Histology and Structure of Bacteria.—This topic may be treated
under four subheads, the cell wall with its related sheaths and cap-
sules, the protoplasm, the cell inclusions, and the flagella.

Cell Wall.—The bacterial cell is in all cases surrounded by a
definite membrane that morphologically resembles the cell wall
of higher plants. When tested chemically with various reagents
and examined microscopically, it is sometimes found to give
the reactions chardcteristic of chitin, the material which makes
up the hard outer shell of insects, and is found as a cell mem-

Fig. 9.—Capsulated bacteria.

brane in many animals. Chemically chitin is an amino-sub-
stitution product of a carbohydrate. The fact that the cell
walls in bacteria so frequently resemble in composition those
of certain animals has been used as an argument for the animal
relationships of the bacteria. This is negatived, however, by
the fact that in numerous molds and other fungi, undoubted
plants, the cell walls are made up of a similar substance.

The cell wall in bacteria is usually covered by a layer of mucil-
aginous material, in most cases so thin that the most careful technic
must be employed in its demonstration, in other cases a thick
coating or capsule. The nature of this capsular substance has
been a fertile subject for dispute. A few bacteriologists have
claimed that it is composed of living protoplasm, the majority,
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with seeming justification, believe that this is either an excreted
material or merely an outer swollen and differentiated portion
of the cell wall. Chemically this material differs in the various

.capsulated bacteria. In some cases it is composed of mucin, a

slimy material made up of a protein-like substance united with
a carbohydrate, and resembling the mucus secreted by certain
body cells. In other cases the capsule is made up of pure carbo-
hydrates and is closely allied to certain of the vegetable gums, such
as gum arabic and gum tragacanth. The capsule of some bacteria
is partially or wholly soluble in water. When such an organ-
ism grows in suitable nutrient solution it r.enders the medium
slimy or gelatinous. Slimy milk, bread and whey are caused by
the luxuriant growth of such organisms.

Fig. 10.—Bacteria showing sheaths.

Some of the filamentous bacteria produce a firm sheath or tube
outside of the cell, this sheath usually inclosing an entire filament
or chain of cells. In composition it probably closely resembles
the cell wall. In some cases it is impregnated with iron oxid.
It is possible that the sheath is a modified type of capsule.

Cell Protoplasm.—The living material within the cell wall
is called the protoplasm. Structurally it may usually be dif-
ferentiated into two layers, an outer thin layer lying closely
appressed to the cell wall, and an inner portion. The outer layer
or ectoplast performs one of the most important functions of the
cell, as this is the membrane, and not the cell wall, that determines
what materials in solution may enter and what may leave the
cell; through it must pass by diffusion all the food that enters the
cell. When certain bacteria, as the cholera spirillum, are placed
in a strong solution of some salt which does not readily pass through
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this ectoplast, the water from the cell in part passes out, the
protoplasm shrinks awa;' from the cell wall, and the cell is said to
be plasmolyzed (noun, plasmolysis). Such a plasmolyzed. cell
shows clearly the ectoplast separated from the cell wall. When:
a cell of certain species is placed in distilled water or a concentra-
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Fig. 11.—Plasmolysis and plasmoptysis of bacterial cells: A, Plasmo-

lyzed bacterial cells; B, cells showing plasmoptysis, the protoplasm has burst
the cell wall and is escaping. (Adapted from Fischer.)

tion of salt considerably less than that to which it has been accus-
tomed, the cell takes up water, the cell wall bursts, and part of the
protoplasm escapes. This phenomenon is called plasmoptysis.
The protoplasm of the cell is commonly homogeneous in appear-
ance, and stains best with the basic aniline dyes. Either a definite

Fig. 12.—Bacterial cell inclusions: A, Vacuoles in the cell, polar staining
rods; B, vacuolate spirilla; C, fat globules; D, glycogen granules; E, meta-
chromatic granules; F, sulphur granules.

nucleus is not present, or the nuclear material is so scattered
as to make the entire mass functionally a nucleus. Some bac-
teria have been described as possessing a primitive type of
differentiated nucleus, but such structures cannot be discerned
in others.

3
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Cell Inclusions.—Bacterial cells sometimes contain vacuoles,
or spaces in the protoplasm filled with sap or some non-staining_
or non-refractive substance. A large vacuole near the center of
the cell may crowd the protoplasm to the ends of the cell, and
such organisms, when stained, are said to show polar staining.
In other forms, as the diphtheria bacillus, granules are formed
that stain much more intensely with the basic aniline dyes than
does the remainder of the protoplasm. These are called meta-
chromatic granules. The function of these granules is not clear.
Certain species of bacteria living in water containing hydrogen
sulphid are found to contain granules of free sulphur in their
protoplasm. Still others have food materials in the form of ol
globules or granules of glycogen.
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Fig. 13.—Distribution of the flagella of bacteria: A, Non-motile or atrich-
ous bacilli, spirilla, and cocci; B, monotrichous flagella of bacilli, spirilla, and
cocci; C, lophotrichous flagella of bacilli and spirilla; D, amphitrichous flagella
of bacilli and spirilla; E, peritrichous flagella of bacilli and spirilla.

Flagella—Many bacteria are motile by means of whip-like
threads of protoplasm which extend from their surfaces. These
threads are known as whips or flagella (sing. flagellum). These
flagella are observed with difficulty in the living organism ex-
cept with dark field illumination and reqaire peculiar stain-
ing technic and careful treatment to make them visible in a
stained mount. Comparatively few cocci, many of the bacilli,
and most of the spirilla are flagellated. The distribution of
flagella on the surface of the cell has been used as a basis for
grouping. Atrichous bacteria have no flagella; monotrichous
bacteria have a single flagellum at one end; lophotrichous, a group
of flagella at one pole; amphitrichous, flagella at both ends; and
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peritrichous, flagella on all sides. Old cells and cells transferred
from qpne medium to another are very apt to loose their flagella.
A young culture is most suitable for determination of motility.
True motility must not be confused with Brownian mo.vement.,
which is a vibrating or oscillating motion of finely divided par-
ticles of almost any kind suspended in water, and visible when
examined under the microscope. This motion has not been
satisfactorily explained, but it is probably due to rapid changes
in surface tension of the liquid at the point of contact with the
particles.

Reproduction in Bacteria.—Multiplication in all bacteria is a
simple process. The cell commonly elongates or enlarges, a cell
wall develops across the middle, and the two cells separate.
This operation may occur with considerable rapidity. Some organ-
isms in favorable medium can grow to their full size and divide to
form two individuals in the course of twenty minutes to an hour.
If the organism could multiply in this geometric ratio for a short
time the number of resultant organisms would be practically
incalculable. For example, if a bacterium should divide every
half-hour, at the end of two days the progeny would be represented
by 2%, a number having twenty-eight figures. Such rapid multi-
plication is never long continued, for food supply is never long
favorable, and waste products of the bacterial growth tend to
accumulate and diminish the rate. Nevertheless, the rapidity
of increase of bacteria accounts in a large measure for the consider-
able changes they bring about in a short time, as in the souring
of milk or invasion of the body in disease.

Many bacteria also reproduce by means of spores. These
are of two types: endospores, produced inside the bacterial cell,
and arthrospores, consisting of entire differentiated cells. The
former are produced by certain bacilli and spirilla, the latter by
certain of the filamentous forms or trichobacteria.

Endospores are formed by many bacilli, and possibly by
some spirilla. They are produced in response to some definite
stimulus, such as unfavorable conditions of the environment,
accumulation of waste products, or change in reaction of the
medium. The spore is essentially a portion of the protoplasm
of the cell which has expelled most.of its water and shrunken in
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size until it occupies a portion only of the space within the cell
wall, and has then surrounded itself with a heavy wall, probably
chitinous in nature. In practically all cases there is but one
spore in a cell. The spore may be equatorial or polar in position,
and of less or greater diameter than the cell which produces it.
The term clostridium is sometimes used to indicate a spore-bearing

Fig. 14.—Development of endospores in a bacillus. (After Fischer.)

rod in which the spore is equatorial and of greater diameter than
that of the cell, resulting in a spindle. Endospores contain only
about 20 per cent. of water as compared with 80 to 90 per cent.
in the cells which produced them. An organism without a spore
is usually differentiated by the term vegetative rod or vegetative
cell. Spores are much more resistant to desiccation, heat, light,
and chemicals than the vegetative cells. They are of use in
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Fig. 15.—Bacterial spore types: 4, Equatorial spores of a diameter less
than the cell; B, polar spores of a diameter less than the cell; C, equatorial
spores of a diameter greater than the cell (clostridium type); D, drumstick or
polar spores of a diameter greater than the cell.

tiding the organism over unfavorable conditions. Spore-bear-
ing bacteria are abundant in the soil, where they often are exposed
to great ranges of moisture, temperature, and light. When a
spore again comes under favorable conditions for growth, it
. germinates and produces a cell typical of its species. Germina-
tion is accomplished either by stretching or bursting the spore
wall.
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Arthrospores are bacterial cells set apart for purposes of repro-
duction, and are usually differentiated appreciably from the normal
cell. Several investigators have claimed that they are produced
by some of the cocci, but this has never been satisfactorily estab-
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Fig. 16.—Germination of spores: A, Bacillus subtilis (Prazmowski) ; B, Bacil-
lus anthracis (deBary); C, Clostridium sp. (deBary).

lished. The filamentous bacteria or trichobacteria produce
arthrospores or conidia, as they are sometimes called, by the dis-
integration of some of the filaments into short rods or spheres
which are capable of reproducing the parent type or by a process
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Fig. 17.—Arthrospores: 4, Crenothriz polyspora (Cohn); B, Gallionella ferru-
ginea, showing conidia formation (Ellis); C, Leplothriz ochracea (Ellis).

of budding. In many cases the threads which break up into
the spores are somewhat differentiated from the normal cells of
the plant, and are aérial, resembling closely some of the molds.

MORPHOLOGY OF THE YEASTS, SACCHAROMYCETES, AND BLASTO-
MYCETES

Yeasts, from the standpoint of the systematic botanist, are

placed at some distance from the bacteria, for there are many

differences between typical yeasts and typical bacteria. On the

other. hand, there are forms which intergrade between the two,
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and are sometimes assigned to one group, sometimes to another,
The yeasts and the molds also show intermediate types.

Form, Size, and Grouping of Yeasts.—Yeast cells are usu-
ally spherical, oval, ellipsoid, or cylindrical. For the most part
they are larger than bacterial cells, although there are excep-
tions. The true yeasts multiply not by fission, but by a process
‘of budding. The cells commonly remain united for a time, giv-
ing rise to masses consisting of many individuals. Sooner or
later they break apart. The relative shape, size, and groupings
of the yeast cells are used in the differentiation of species. In
some species part of the cells become considerably elongated and
form a kind of false mycelium resembling that of the molds.
This character is not always constant in a given species, it may

Fig. 18.—Types of yeast cells and groupings.

appear when the organism is growing in orte kind of medium and
not appear in another.

Histology and Structure of the Yeast—The very young cell
has no cell wall, but by the time it is one-third grown the wall
appears as a delicate membrane. In old cells it is sometimes of
considerable thickness. Its composition has not been certainly
determined, probably it is a carbohydrate or related compound,
and not chitinous, as are the walls of bacterial and mold cells.
To this substance the name yeast cellulose has been given. It
has not been prepared free from nitrogen, so that it is possible
that it may be nitrogenous in nature. It is sometimes surrounded
by a gelatinous excretion or capsule, as is the case with bacteria.

w=The yeast cells are never motile.

Yeast Protoplasm and Cell Inclusions.—The contents of the
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yeast cell are more highly differentiated than are those of bacteria.
The ectoplast, or limiting membrane of the protoplasm, is easily
demonstrated by plasmolyzing the cell. This ectoplast (German
Hautschicht) is the only membrane of the young cell, and the
cell wall is proba.bly secreted by it. The protoplasm is differ-
entiated deﬁmtely into a nucleus and cytoplasm. The nucleus
is not as easily demonstrated as in the higher plants and animals,-

Fig: 19.—Diagram of budding yeast cells and their contents: a, Glycogen
granules; b, vacuoles; ¢, nucleus; d, dividing nucleus in bud formation.

but may be shown by proper staining methods. The cytoplasm
usually contains one or more vacuoles, spaces filled with cell sap
and not taking the stain as does the cytoplasm. Older cells
may also show otl globules or glycogen granules.

Reproduction in Yeasts.—Yeasts commonly multiply vege-
tatively by budding. A bit of the protoplasm protrudes on one
side of the mother cell, the nucleus divides, and one part goes to

@@

Fig. 20.—Spores (ascospores) of the yeast (Hansen).

the bud, the other remains within the cell, the bud enlarges,
develops a cell wall, and is constricted off as a distinct individual.
Many yeasts may also under favorable conditions produce spores.
- The development of the spores in the yeast cell differs considerably
from that in the bacteria. The latter typically have but one spore
developed within the cell, while a yeast cell usually produces two,
four, six, or even eight spores. The nucleus divides several times
to form a number of nuclei, each of which, together with the
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protoplasm lying in contact with it, becomes surrounded by a
membrane. A cell of the yeast (and certain other fungi) when
filled with spores is called the ascus (pl. asci) or sac. The spores
are called ascospores (Fig. 20). This method of spore production
relates the yeasts quite definitely to some of the higher fungi.
In some cases there is a primitive type of sexual reproduction

-or fertilization associated with the development of the spores.

The spores are more resistant to an unfavorable environment than
the vegetative cells. When brought under favorable conditions
they germinate and develop into the typical yeast plant. In
old yeast cultures some cells develop heavy cell walls, are filled
with granular reserve food materials, and become potentially
spores. Such cells are likewise probably resistant to unfavorable
conditions, and serve to tide the yeast over periods of desiccation
or poor food supply. They resemble the chlamydospores produced
by many molds.

MORPHOLOGY OF THE HYPHOMYCETES OR MOLDS

The molds or hyphomycetes do not constitute a homogeneous
group in the eyes of the systematic botanist, but belong to vari-
ous subdivisions of the group of fungi. Some are related to
the alge and are grouped under the Phycomycetes, others belong
to the sac fungi or Ascomycetes, others are related to the smuts,
rusts, and toadstools, or Bastdiomycetes, and the largest number
belong to the group of imperfect fungi or Fungi Imperfecti. From
the viewpoint of the bacteriologist these botanic relationships
are not significant; all the fungi, regardless of kinship, that agree
in having the plant body made up of threads usually more or
less branched, and forming more or less loose or cottony masses,
in short, those that answer to the popular conception of molds,

.are grouped together as Hyphomycetes. Such a classification is

scientifically justifiable only because of the great complexity of
the various members of the family of fungi, and the fact that
it is not the systematic position but the economic importance of
the forms that is of significance.

Form and Size of Hyphomycetes or Molds —A mold may be
differentiated from the yeasts and bacteria in that it is multi-
cellular, with the cells united to form more or less branched
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threads called hyphe (sing. Aypha). The whole mass of threads
or hyphs which go to make up the plant of the mold is called the
myceltum. In most molds certain threads are differentiated
for the production of spores. The mycelium of the mold may
extend over a considerable area, growing deep into the substratum
for food or into the air to develop spores.

Histology and Structure of Molds.—The mycelium in some
molds is continuous throughout its length, possessing no cross
walls which might separate the cells from each other. In the
majority of forms, and in all those of economic importance to
the veterinarian, the hyphs are divided by cross walls or septa

Fig. 21.—Mold hyphe: 4, B, Non-septate hyphe of the Phycomycetes; C,
tip of a non-septate hypha, showing numerous nuclei and vacuoles; D, septate
branching hyphs; E, a single cell of a septate hypha, showing nucleus and vac-
uoles.

(sing. septum). The cell wall is composed of true cellulose in
a few molds, in the majority it is chitinous as in the bacteria.
The almost universal presence of chitin in the cell walls of the
fungi is frequently lost sight of by those who regard its presence
in the cell walls of bacteria as evidence of animal affinities. The
protoplasm of molds, as in the yeasts, is made up of cytoplasm and
nucleus. The outer layer of the cytoplasm or ectoplast is readily
demonstrated in most molds by plasmolysis. In the forms that
do not have septa dividing the hypha into cells, the numerous
nuclei are imbedded in the common cytoplasm. Functionally
each nucleus with its bit of surrounding cytoplasm constitutes a
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cell, although the statement is often made that the entire mold
filament in the non-septate type is a single cell.

Reproduction of Molds.—It is impracticable to go into detail
concerning the reproduction of molds. Spores of many different
types are produced (Fig. 22), sometimes three or four kinds by
a single species. The spores exhibit every conceivable shape and
coloring, are sometimes unicellular, at other times multiseptate.
Hundreds of genera and thousands of species are known. The
names applied to the different parts of the molds concerned in
reproduction and the manner in which the spores are borne in
some of the commoner molds may, however, be briefly discussed.

Molds may be divided, for convenience, into those which
bear the spores enclosed in a spore case or sporangium and those
in which they are not so inclosed. This sporangium is commonly
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Fig. 22.—Types of mold spores.

borne at the tip of a hyphal thread differentiated for the pur-
pose, called a sporangiophore. Spores not produced inside of
a sporangium and not the result of fertilization (i. e., asexual
spores) are termed conidia (sing. conidium). Conidia are usually
developed at the tip of specialized branches called conidiophores.
Sometimes they are formed by the breaking up of the myecelial
threads or hyph®, and are then called oidia (sing. oidium),
in other cases they develop within the hyphe and are surrounded
by it as by a sheath. When one of the cells in a hypha becomes
enlarged and surrounded with a heavy wall it is called a chlamydo-
spore. Some molds develop spores as a result of the union of .
sex cells (sexual spores). These are called ascospores when pro-
duced in sacs (asci) and zygospores when formed by the union of
two like cells as in certain Phycomycetes. .

Spores of the molds are commonly bornvon hyphe that extend -
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into the air away from the moist surface of the medium in which
they are growing. This facilitates their dispersal by the air

‘a.

Fig. 23.—Types of the spores and the spore-bearing organs of the molds—
1, Sporangium of the Mucor: @, columella; b, sporangiophore; c, spores; d,
sporangium wall. 2, Sporangia of Sporodinia: a, sporangiophore; b, sporangia
containing spores. 3. Ascus of an ascomycete, Peziza: a, ascus or spore sac;
b, spore; c, sterile threads or paraphyses. 4, Oidium spore formation; the,
hyphs are segmenting to form spores or oidia. 5, a, Chlamydospores formed
in the hypha of a Chlamydomucor. 6, Zygospore of a Mucor: a, hypha; b,
suspensor; c, sygospore. 7, Conidiophore and conidia of Penicillium: a, con-
idiophore; b, verticillate branches of the conidiophore; ¢, chains of spores or
conidia. 8, Aspergillus: a, conidiophore; b, inflated tip of the conidiophore; c,
sterigmata; d, chain of spores. 9, a, Hypha; b, poorly differentiated conidio-
phore; ¢, chain of conidia. .

currents. When they fall upon a suitable medium they ger-
minate and soon develop the typical mold plant.

MORPHOLOGY OF THE PROTOZOA

The protozoa are unicellular and bear much the same relation
to the higher animals or metazoa that the bacteria do to the higher
plants. Notwithstanding that they are reckoned among the
simplest forms of life, they are, nevertheless, greatly diversified
in shape, size, and structure. Only the barest outline of their
structure can be given here. For a more detailed account the
student is referred to the section on Protozoa.



44 VETERINARY BACTERIOLOGY

Form and Size of Protozoa.—The pathogenic protozoa vary
in size from those visible to the naked eye to those barely visible
with the highest powers of the microscope. Some are undoubt-
edly ultramicroscopic, the organism causing yellow fever, for
example. In form and shape the greatest diversity is to be noted.
Some are without definite shape, and are apparently only lumps of
protoplasm, others are highly differentiated and have as great
variety of organs (organella) as some of the higher animals.

Histology.—A true cell wall, as found in the bacteria, yeasts,
and fungi, is frequently not present in the protozoa. When
found, it is chitinous in nature. The ectoplast forms the limit-
ing membrane of the cell in the majority of cases. The protoplasm
is differentiated into nucleus (sometimes two, a micronucleus
and a macronucleus) and endoplasm or cytoplasm. Power of move-
ment is pessessed by many forms. This may be due to the
development of pseudopodia, of flagella, or of cilia.

Reproduction.—Asexual reproduction is accomplished in many
cases by a simple process of fission, in others the procedure is
much more complex. Sexual reproduction is quite general, but
here again the complexity is so great as to render brief treatment
impracticable. The relationship and structure of these forms
will be considered in greater detail under the heading of Patho-
genic Protozoa in Section V.




CHAPTER III

PHYSIOLOGY OF MICROORGANISMS

PrysioLogY has been defined by Barnes to include ‘‘ a study
of the behavior of plants (and animals) of all sorts, and of the
ways in which this is affected by external agents of every sort.”
In our discussion of the physiology of microorganisms we shall
have to deal principally with the interrelationships existing
between these microdrganisms and their environment.

FOOD RELATIONSHIPS OF MICROORGANISMS

A food is any substance which a living organism may make
a part of its living material or use as a source of growth energy.
The term is frequently used very loosely to include all the sub-
stances of which an organism may make any use. For example, a
distinction is sometimes made between green plants and animals
on the basis of food used. The former are said to live on inorganic
foods and the latter on organic. This distinction is erroneous.
The difference is simply that green plants can manufacture their
own foods out of inorganic material by the aid of the energy
secured from the sun’s rays through the green coloring-matter or
chlorophyll, while animals make use of food already prepared.
The materials of which some microérganisms make use are no more
foods than the rays of the sun are a food for green plants.

Composition of the Cell.—The food utilized by any micro-
organism must contain the elements needed for the building up
of the cell substance. The analysis of such cells shows them
to be made up of the same elements as those of higher plants
and animals, namely, carbon, oxygen, nitrogen, hydrogen, and
smaller amounts of phosphorus, iron, magnesium, calcium, and
some other elements. The foods utilized by organisms must,
therefore, contain these elements likewise.

Sources and Kinds of Foods.—Some bacteria, like the green
plants, are capable of manufacturing their own food. For this
purpose & source of energy is necessary. Some species utilize the

45
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energy of the rays of sunlight in much the same manner probably
as do green plants. The coloring-matter in these forms, however,
is purple or red (bacteriopurpurin). Other forms living in water
which contains hydrogen sulphid, as in the sulphur springs, oxidize
the hydrogen sulfid to free sulphur and even sulphuric acid and
gain energy for the manufacture of their foods from carbon dioxid,
. water, and other compounds by this process. Still other forms
are believed to make use of iron, ammonia, nitrites, and other
inorganic substances, and by their oxidation secure the necessary
energy. Organisms which can manufacture their own food out
of inorganic substances are said to be prototrophic. The proto-
trophic microbrganisms so far as known are all bacteria or molds.
Most microérganisms utilize organic matter in & dead or living
condition for food. Those which utilize dead organic matter are
called metatrophic, while those requiring living material or complex
protein foods are called paratrophic. The latter are frequently dis-
ease producing. It must not be supposed that these division lines
are strictly drawn. For example, certain bacteria seem to make use
of the oxidation of carbohydrates and other organic substances to
enable them to take up the nitrogen from the air and to convert it
into usable form. Such are both prototrophic and metatrophic.

The peculiar food requirements of the different species must
be kept in mind in the preparation of nutrient media for their
growth. Some organisms will not grow in the presence of organic
materials, while others require such specialized media as blood-
serum or hemoglobin.

A second grouping of microorganisms commonly used is based
upon the relationship to other living organisms. Those which
do not require a living host (animal or plant) are called sapro-
phytes if bacteria, yeasts, or #olds, and saprozoites if protozoa;
those which require a living host are called parasites. Those
parasites which do not produce disease are termed commensals. -

MOISTURE RELATIONSHIPS OF MICROORGANISMS

Microdrganisms require considerable amounts of water for
their development. The optimum condition for growth in
most cases is saturation. There is great variation in ability
to resist desiccation (drying). The spores of some bacteria and
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fungi and the encysted cells of some protozoa will live for years,
while other forms are destroyed if allowed to become completely
dried.
RESPIRATION OF MICROORGANISMS

Respiration is frequently defined as the taking up of oxygen
" and the elimination of carbon dioxid. This definition is entirely
inadequate when we come to a discussion of microdrganisms,
if, indeed, it can be applied in any case even to higher animals
and plants. Respiration seems fundamentally to be the process

whereby energy is generated in the cell. Energy when evolved in

the cell always originates from chemlcal changes in the compounds
within the cell. Whether or not this energy may be gained by
the oxidation of food materials when taken into the cell, or whether
they must be first built up into protoplasm and this then broken
down, is a matter of dispute at present among scientists. In
any event the presence of free oxygen is certainly not neces-
sary to this release of energy, for many bacteria as well as other
plants and animals live in the absence of free oxygen. Organ-
isms that grow only in the presence of oxygen are called asrobic;
those which will grow only in the absence of free oxygen, anaérobic,
and those which will grow either with or without free oxygen, facul-
tative. It is probable that most of the so-called anaérobes grow -
better in the presence of minute quantities of oxygen. The
end-products of respiration are found to differ with the type,
agrobic bactetia usually produce carbon dioxid and water; anaé-
robic forms, less highly oxidized substances, such as alcohol and
butyric acid.

The oxygen requirements of anaérobic bacteria must be recog-
nized in the laboratory if they are to be successfully cultivated.
The air of the culture-tube or flaskgnay be removed by a stream
of hydrogen, nitrogen, or some other inert gas, the oxygen may be
absorbed by the use of alkaline sodium pyrogallate, the air may
be exhausted by an air-pump, the oxygen may be excluded by
covering the medium with oil or some similar material, or the
organism may be mixed with some aérobic form which will use
up the oxygen and allow growth of the anaérobe. Probably
the latter is the common method whereby anaérobes are able to
grow in nature.
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TEMPERATURE RELATIONSHIPS OF MICROORGANISMS

Optimum Temperature.—The optimum growth tempera-
ture is that which most favors the development of the micro-
organism. The optimum varies with the species. A few organisms
found in the ocean, in cold waters, alpine regions, etc., prefer a
low temperature, from 0° to.15°. These are called psychrophilic.
Those which prefer a somewhat higher temperature are called
mesophilic. These latter may be again subdivided into those that
prefer a “room’ temperature of 18° to 25°, and those that
prefer blood heat (man 37.5°) for the most parasitic forms. Tem-
peratures such as are found in hot springs, interior of compost
heaps (50° to 70°) favor the development of thermophilic bacteria.

Minimum Temperature.—The lowest temperature at which
an organism will continue growth is said to be its minimum.
This temperature varies for different species. Some organisms
will multiply in brine held at temperatures lower than the freez-
ing-point of water.

- Maximum Growth Temperature.—The highest temperature
at which an organism will multiply is called its maximum. This
must not be confused with the thermal death point (see below).
The majority of bacteria cannot grow above 45°.

Growth Temperature Range.—The differences between the
minimum and maximum growth temperatures vary within rather
wide limits. Those organisms which exhibit considerable adap-
tability and are able to grow through a wide range of temperature
are called eurythermic. Most of the saprophytic organisms belong
here. The parasitic types which have minima and maxima
varying but little from the optima are stenothermic.

Thermal Death Point.—The thermal death point of an organism
is that temperature which under given conditions will certainly
destroy all the cells. The following factors must be taken into
consideration in the determination of any thermal death point:

1. The Absence or Presence of Spores.—Spores are much more
resistant to high temperatures than the vegetative cells. Forms
having spores, therefore, have two thermal death points, one for
the vegetative cells and the other for the spores.

2. Presence or Absence of Moisture.—Bacteria are more resistant
to dry than to moist heat. The thermal death point is probably
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the temperature at which incipient coagulation of the albuminous
protoplasm occurs, resulting in an inability to function. Water
is necessary for this coagulation. The following table from Frost
and McCampbell illustrates this point:

Egg albumen + 50 per cent. watercoagulateeat56°C !

Egg albumen + 25 ‘“ “ 74-80° C.
Egg albumen + 18 “ “ “ 80-90° C.
Egg albumen + 6 ¢ “ «“ 145° C.
Egg albumen + no water “  160-170° C.

This fact is emphasized by the laboratory methods of sterilization.
The autoclave, with live steam at temperature of 120°, will destroy
in ten minutes the most resistant spores, while in the hot-air
oven a temperature of 150° to 170° for an hour is necessary.

3. Reaction and Composition of Medium.—The reaction and
composition of the medium has been found to exert a marked influ-
ence on the thermal death point. In comparative work, care
must be exercised to use media of uniform reaction and com-
position.

4. Time of Ezposure.—In general, the higher the temperature
the shorter the period required to destroy life in the cells. Math-
ematic formulas have been developed giving the time as a func-
tion of temperature for some forms.

5. Specific Character of Organism.—Intrinsic variations in
the character of protoplasm of different species make it necessary
to determine the thermal death point for each species.

LIGHT RELATIONSHIPS OF MICROORGANISMS

A few bacteria possessing bacteriopurpurin require light
for their development. For most other microérganisms, particu-
larly the bacteria and the pathogenic protozoa, darkness is the
optimum light condition. Light, particularly the direct rays of the
sun, will destroy all but the most resistant bacteria if exposed
for a sufficient length of time. Sunlight when passed through
a prism is readily broken up into its constituent colors, the least
refracted rays, or the reds and yellows, at one end, and the more
highly refracted rays, the blues and the violets, at the other.
Exposure of bacteria to these various colored rays has shown-*
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the blues and violets to be most powerful, while the reds and
yellows of the other end have little or no effect. It will be re-
membered that the blue and violet rays are the ones which affect
the photographic plate most intensely. The germicidal action
of light on the pathogenic bacteria is of the greatest practical
importance. It renders infection through the medium of the air
in most cases a remote possibility.

Effect of Electricity on Bacteria

Strong direct currents of electricity passed through a solution
containing bacteria will sterilize it. It is difficult, however,
to dissociate the physical effect of the current directly upon the
bacteria from the action of the chemicals produced by electrolysis.
No practical use has been made of the destructive action of
electricity upon microorganisms, as the method is difficult to apply
and is inefficient at best. The Réntgen rays (z-rays) do not
destroy bacteria even when the latter are exposed for consid-
erable periods.

RELATIONSHIPS OF MICROORGANISMS TO CHEMICALS

Microorganisms are profoundly affected both in growth and
movement by the chemicals with which they come in contact.
They may be attracted or repulsed, stimulated to increased growth,
their development inhibited,or they may be destroyed when certain
substances are present.

Chemotaxy.—Motile microdrganisms are attracted or repulsed
by certain chemicals. The first is known as positive chemotazy,
the latter as negative. Certain protozoa and bacteria are attracted
by oxygen and may be observed to swim about air bubbles under
the microscope. From their movements it is evident that differ-
ent species prefer varying amounts of oxygen. This results in a
grouping of the different kinds in concentric circles about the
bubble. This type of chemotaxy is called aérotary (not aéro-
tropism). The avidity of certain bacteria for oxygen has been used
in the laboratory for their isolation from water, particularly the
Asiatic cholera organisms. Peptones and meat extractives at-
tract many kinds of bacteria. This phenomenon may be readily
demonstrated by introducing the tip of a minute capillary tube
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filled with such a solution into water containing numerous bacteria.
These will be found to congregate in great numbers about the
mouth of the tube and to enter it. Probably chemotaxis accounts
for the flocking of the leukocytes or white blood corpuscles to
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Fig. 24.—Chemotaxy: a, Spirilla attracted by a green algal cell which is
giving off oxygen, aérotaxis; b, a leukocyte containing several bacteria which
it has engulfed; c, capillary pipette containing a solution of beef extract, and
at 2 an air bubble, placed in a drop of water containing motile bacteria.
The latter are attracted in large numbers to the mouth of the tube; d, an air
bubble surrounded by two concentric circles of organisms, the inner one
bacteria, the outer protozoa. Each remains in the ‘concentration of oxygen
most favorable to its growth.

any part of the body attacked by certain bacteria. Micro-
Organisms are not always attracted by food stuffs and repelled
by harmful substances. A mixture of peptone and mercuric
chlorid will attract bacteria and then destroy them.

L35 b

Fig. 25.—Chemotropism: a, b, Mold hyphe and conidiophores, showing the
negative hydrotropism of the latter; ¢, an air bubble in a medium with four
germinating mold spores. The hyphse are growing toward the air, showing
positive aérotropism.

Tropisms.—Organisms which are not free to move in response
to a chemotactic stimulus may nevertheless be influenced in their
direction of growth. Such a response in the direction of growth
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to an external stimulus: is called a tropism. Mold hyphe will
often grow toward a moist medium, while the conidiophores which
they bear rise at right angles to its surface and seek to produce
the spores as far as possible from a moist surface. These phenom-
ena are known respectively as positive and negative hydrotropism.
The influencing of the direction of the growth by the action of
chemicals is called chemotropism. The forms of mold and
bacterial colonies, when growing upon artificial media, are
largely determined by this factor. For example, many molds
radiate in practically straight lines from their point of origin in
a medium,and every branch quite exactly bisects the angle between
the two filaments on either side. This mutual repulsion of the
hyphe is doubtless due to certain of the products excreted by the
cells. Heliotropism, or the influence of light on the direction of
growth, is also observed in some forms. J

Influence of Reaction of Medium on Growth.—Many organisms
are quite exacting in their requirements as to the reaction of the
medium in which they are grown. Some forms grow best in a
medium slightly acid, others refuse to develop except in one which
is slightly alkaline. The majority of bacteria, however, grow well
in a medium that is neutral to litmus.

ANTISEPTICS AND DISINFECTANTS

An antiseptic is anything that will inhibit the growth of micro-
organisms without necessarily destroying them. In the broadest
sense, this term would include such physical agencies as the action
of cold and heat, but in practice it is generally confined to chemical
substances. A disinfectant is a substance that will destroy patho-
genic bacteria. Inasmuch as pathogenic and non-pathogenic
bactéria are both destroyed by the same substances, there is
little real difference in the meaning of disinfectant and germicide
(something that will destroy all bacteria). A deodorant is any
substance that masks disagreeable odors or eliminates them entirely
by removing their cause. A deodorant may or may not be a dis-
infectant or antiseptic. These latter terms are relative ones only,
for any disinfectant if sufficiently diluted becomes an antiseptic.

Theories of Action of Antiseptics and Disinfectants.—Germ-
icides may destroy microorganisms by forming compounds with
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the protoplasm, by dissolving or coagulating the protoplasm, or by
oxidation and complete destruction of the cells. Our most efficient
disinfectants are those which destroy in the manner first named.
The activity and efficiency of many disinfectants depend upon
the ionization of the compound in solution. This is particularly
true with the salts of heavy metals, such as mercuric chlorid
(corrosive sublimate). It is the ionized mercury that is poison-
ous to bacteria. Mercuric chlorid does not ionize in pure aleohol,
hence it is not poisonous to bacteria when in solution in that
substance. The addition of various other chemicals may increase
or decrease the ionization of the disinfectant and enhance or dimin-
ish its destructive action.

Disinfectants and Antiseptics in Common Use.—Salts of the
Heavy Metals.—The salts of gold, silver, copper, and mercury
are all active disinfectants. Copper sulphate is sometimes
used in an effort to free water reservoirs and other city supplies
from growths of objectionable algee. Mercury is the most efficient
of the metals and its salts are most commonly used. It acts by
forming a_mercuric albuminate of the protoplasm. When used
in any solution containing considerable quantities of protein or
similar materials, as in feces, it must be used in excess and thor-
oughly mixed, for it is apt to form an insoluble coating over the
surface of the solid particles and protect the bacteria in the interior
from destruction. Mercuric chlorid is usually used in solutions
of 1 : 1000 or 1 : 2000.

Lime, unslaked, is a fairly efficient disinfectant. It is par-
ticularly useful because in the form of whitewash it may be
applied as a permanent coating to the walls of stables and out-
buildings. Feces and urine may be disinfected by a mixture
of equal parts of a 20 per cent. solution of freshly slaked lime
with the material to be disinfected.

Phenol, or carbolic acid, C,HsOH, and the methyl phenols or
cresols, CGH/CH,OH, either pure or in the trade mixtures, such
as kreso, tricresol, creolin, etc., are among the most efficient
and useful of disinfectants. They are most frequently used in
1 to 5 per cent. solutions, and will destroy bacteria even in the
presence of quantities of organic matter.

Sulphur Diorid and Sulphurous Acid—When sulphur is
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burned it yields sulphur dioxid, a gas that has been much used
in fumigation. It is powerless to destroy bacteria unless moisture
is present, with which it may unite and form sulphurous acid.
The latter is a very active bleaching and corrosive agent, hence
it should not be used except where it can do no harm. One
pound of water (about 1 pint) should be vaporized in a room
for every 5 pounds of sulphur burned. This amount should
efficiently disinfect 1000 cubic feet. Insects and other vermin
are destroyed by the sulphur fumes.

Formaldehyd, HCHO.—Formaldehyd is the gas used most
widely in fumigation and disinfection. It is very soluble in
water and is commonly sold as formalin, a 40 per cent. solution
of formaldehyd. Like sulphur dioxid, formaldehyd is efficacious
only in the presence of moisture, but, unlike it, does not bleach -
fabrics or injure materials. Formaldehyd may be evolved in
gaseous form for disinfection in a variety of ways. Incomplete
combustion of methyl alcohol according to the reaction

2CH,0H + O, = 2HCHO + 2H,0

is utilized in a number of lamps upon the market. 'When properly
carried out the method may be efficient, but it has several
disadvantages, 7. e., expense and presence of a fire in a closed
room. Heating the formalin over an open flame will liberate a
part of the formaldehyd readily, but under these conditions
it polymerizes and some of the polymers (paraformaldehyd) are
insoluble. If the evaporation is continued to dryness, all of these
will again be broken up and given off as formaldehyd. The
same result can be reached more quickly by the addition of glyc-
erin or some salt which will raise the boiling-point of the solu-
tion above the dissociation temperature of the paraformaldehyd.
An autoclave or closed vessel in which the solution is heated con-
siderably above the boiling-point of water will serve the same pur-
pose. Twelve ounces of formalin should be used for every 1000
cubic feet to be fumigated. A convenient method for fumigating
small rooms is to pour formalin over crystals of potassium per-
manganate in an earthen vessel that is a poor conductor of heat.
The permanganate is an active oxidizing agent and converts part
of the formaldehyd into carbon dioxid and water, with the
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liberation of sufficient heat to vaporize a large portion of-the
remainder. The solid paraformaldehyd or paraform may be
heated and is thereby converted into formaldehyd gas. On
account of its cheapness and effectiveness formaldehyd is used
much more commonly at present than any other of the gaseous
disinfectants.

Adjustment of Organisms to Osmbtic Pressure.—Any crystal-
loid in solution behaves within the limits of the solution like a
gas, and the same laws of diffusion and diffusion pressures are
applicable. Every organism when growing is surrounded by
water containing substances in solution, and it also contains
certain salts dissolved in the “ cell sap”” or water in the pro-
toplasm. The ectoplast or limiting membrane of the protoplasm
lying just within the cell wall is certainly in most, probably all,
cases a semipermeable membrane, ¢. e., it will allow some sub-
stances to pass through readily, as water; others pass through
slowly, and still others, although in true solution, cannot pass at
all. This ectoplast, in short, serves as an osmotic membrane
and determines what substances may enter and leave the cell.
An active cell always maintains within its sap a greater con-
centration of solutes than the surrounding medium, the pressure
on the inside of the membrane is greater than on the outside,
and the cell is said to be in a state of turgor. When such a cell
is placed in water containing a greater percentage of solutes than
does the cell sap, water leaves the latter until the concentra-
tion on the inside and outside again becomes the same. This
means a shrinking of the protoplasm; it withdraws from the cell
wall and the cell is said to be plasmolyzed. After a time the
cell may readjust the amount of solutes in the cell sap and regain
its turgor. For every cell, however, there is a limit beyond
which the organism cannot go. Some yeast cells have been found
to develop slowly in a solution containing 35 per cent. of cane-
sugar. A solution of this concentration exerts a pressure of more
than 350 pounds per square inch. It is apparent that such a cell
must be profoundly modified. The fact that concentration
of solutes inhibits the growth of microorganisms is utilized in
the preservation of many food stuffs. Such foods as syrups,
jellies, and candied fruits are preserved by the high osmotic
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pressure of the solutes. The action of sugars, salts, etc., is in
the nature of a physical antiseptic. Physiological salt solution
is one having the same concentration of salt as do the body cells
of the particular organism to be studied. It usually contains
.85 per cent. of sodium chlorid.

SYMBIOSIS, ANTIBIOSIS, AND COMMENSALISM

Two organisms that live together and which are mutually
beneficial are said to live in symbiosis. Each organism is called
a symbion or symbiont. The symbionts are not necessarily closely
related forms and may belong to the most widely separated groups
of plants, as, for example, bacteria and members of the bean family
of the flowering plants.

Antibiosis is that condition which obtains when organisms
prove inimical to each other’s development. The growth of one
species of organism in a culture-medium may completely inhibit
the development of some other type. For example, the organism
(Streptococcus lacticus) which ordinarily sours milk prevents the
development of most other species.

An organism which uses the by-products of another as food,
in other words, is parasitic without producing disease, is called a
commensal. Many of the bacteria found on the skin, in themouth,
and in the intestinal tract of man and animals are of this character.

All degrees of intergradation between symbiosis, true para-
sitism, and commensalism have been described for different
species.

PIGMENT PRODUCTION BY MICROORGANISMS

Molds, yeasts, and bacteria are frequently found to be chromo-
genic, that is, capable of producing pigments or coloring-matter.
The colors produced range through all the colors and even shades
of color of the spectrum. A few only of the pathogenic forms
produce pigments. Many organisms, particularly molds and
bacteria, excrete a pigment-forming substance which diffuses
through the culture-medium and colors it. Such an organism
is the Bacillus pyocyaneus, which produces a diffuse pigment,
one that changes the medium first to a green, then to a brown.
Some organisms produce pigment granules outside the cell, such
are said to be chromoparous, for example, Bacillus prodigiosus,
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which produces a red pigment. The cell walls of some bacteria
(such as B. violaceus) and of many of the molds are colored.

Pigments are generally produced only in the presence of free
oxygen. Cultivation at high temperatures causes some organ-
isms to lose the power of pigment production. Some pigments
are soluble in water, others in alcohol, and others in ether and
various fat solvents. They are of little economic importance,
but are of value to the systematic bacteriologist in the separation
and identification of species.

LIGHT PRODUCTION BY MICROORGANISMS
Several species of bacteria and fungi are known that give

Fig. 26.—A bacterial lamp. The inner wall of the flask is coated with a
medium on which there is growing Bacterium phosphoreum. Photographed by
its own light (Molisch).
off light. These are said to be photogenic. Bacteria of this
type are found commonly in the water of the ocean, and are
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easily isolated from salt fish. When grown in a .t;est-tube, they
are sometimes sufficiently luminous, so that they may be photo-
graphed by their own light. '

FERMENTATION AND ENZYME PRODUCTION

All microorganisms have their protoplasm bounded by the
ectoplast, a semipermeable membrane, as previously shown. The
cell wall, when present, seems to be a mechanical protection and
support, and is readily permeable to most substances in solution,
8o may be disregarded in discussion. Whatever food or other mate-
rials are taken into the protoplasm must pass by diffusion through
the ectoplast. This membrane, on the other hand, must prevent
any valuable constituent of the cell from leaving by diffusion.
Its action is, therefore, selective. Microorganisms do not always
~ find the potential food materials with which they are surrounded
suitable for food, for they may be in a solid form or, if in solution,
of such a character that they cannot pass through the ectoplast.
Many organisms find it necessary to so change this food and
digest it that it may be assimilated. Once inside the cell, it
usually is not of such a character that it can be built up directly
into the protoplasm and further changes are necessary; or if the
material is used simply as a source of energy and not incorporated
into the cell substance, it is essential that the cell have some means
of developing this energy. All cells accomplish these changes by
means of enzymes (Gr. en, within, zyme, leaven). A dis-
tinction was once made between the so-called organized and
unorganized ferments. The former was held to be living cells
which could bring about a change or fermentation, the latter any
cell secretion which could bring about such changes. In other
words, organized ferments were supposed to owe their activity
directly to the protoplasm, the unorganized, to substances secreted
by the protoplasm. This distinction is no longer maintained,
as it seems altogether probable that fermentative changes of
whatever kind are brought about by the secreted enzymes or
unorganized ferments. Enzymes may be intra- or extracellular.
The intracellular enzymes are extracted from the protoplasm
with difficulty, and during the life of the cell do not leave it.
Such an enzyme is that of bread or brewer’s yeast (the zymase),
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which converts dextrose into alcohol and carbon dioxid. Extra-
cellular enzymes are usually digestive in their action. Different
kinds attack different substances. Microorganisms are known
which produce enzymes that will break down cellulose, starch,
sugars, fats, and proteins into simpler substances. The action
of an enzyme is said to be specific; a given enzyme will in gen-
eral change only one type of material.

Enzymes are said to be organic catalysts (Gr. kata, down,
lyo, to dissolve), that is, they bring about changes without
themselves becoming part of the final product. Many inorganic
catalysts, such as finely divided platinum, are known to the
chemist. Although catalysts do not form a part of the final
products, they certainly are a part of some of the intermediary
products in many cases, but become free again when the action has
been completed. Enzymes, then, are peculiar in that they are
not used up in the using. Theoretically the amount of change that
can be brought about by a given enzyme is limited only by the
time and conditions under which it must act.

Most enzymes produce changes that are hydrolytic in nature,
that is, they bring about the incorporation of water into the organic
molecule with resultant disintegration. The digestion of gelatin
by the bacterial enzyme gelatinase, the conversion of starch into
maltosé by ptyalin and diastase, the digestion of proteins by
pepsin, the conversion of saccharose or cane-sugar into invert
sugar by invertase, and the clotting of milk by rennet are a few
examples of such hydrolytic changes. The following reaction
illustrates the hydrolytic cleavage of saccharose by the invertase
produced by yeast:

C,H,,0, + H,0 + Invertase = C.H,0, + C.H,,0, + Invertase.
Saccharose. Dextrose. Levulose.

Other enzymes are active oxidizers. Changes of color in
dead or injured plant and animal tissues are sometimes due to
such oxidases. For example, potatoes turn black and apples
become brown when the cells are bruised. Some other enzymes
are said to be splitting. One of the best examples of these is the
gymase of yeast, which converts dextrose into alcohol and carbon
dioxid.
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. CH,04 + Zymase = 2C,H,OH + 2CO, + Zymase.
Dextrose. Alcohol. (:h«_srbpn
0!

Although alcohol and carbon dioxid represent the end-products,
it is by no means certain that intermediate hydrolytic products
are not formed, and this splitting action may be essentially hydro-
lytic. Reducing enzymes have also been demonstrated in plant
and animal tissues and undoubtedly occur in micro6rganisms.

The aulolytic (Gr. auto, self, lyo, dissolving) enzymes de-
serve particular mention. Enzymeés are known to occur in
most animal and plant cells that will, at least partially, digest
the cells in which they occur. The rigor mortis or stiffening of the
tissues of an animal after death is due to such an autolytic enzyme
which coagulates the muscle protoplasm. The softening of the
tissues which occurs later, the so-called * ripening ” of meat, is due
in part to the action of another proteolytic enzyme which carries the
digestion somewhat further. Microdrganisms contain such en-
zymes, and when the cells die, as in an old culture, they are then
partially digested. This autolytic action we shall find to be of
some practical significance in a discussion of disease production
and immunity, as by it certain poisonous substances may be
released from the cell.




CHAPTER IV

CHANGES OF ECONOMIC SIGNIFICANCE BROUGHT ABOUT BY
NON-PATHOGENIC ORGANISMS

MicroorGaNIsMS bring about many changes, both analytic
and synthetic, in the media in which they are cultivated. In
any such medium growth products of many kinds will be found.
These fermentative products may originate from the activity of
extracellular enzymes, may consist of substances excreted from
the cell as the product of intracellular enzymes, or as a result
of the metabolic activity of the cell; they may be products of syn-
thetic action (as the slimes and gums produced by a solution of
the bacterial capsule), or they may be substances produced by the
autolytic activity of intracellular enzymes after the death of the
cell. Naturally, the products will vary greatly with the species
of organism, the medium in which it is grown, and the character
of the physical environment.

From the standpoint of the veterinarian, microdrganisms
are of most importance because many of them produce disease.
It would, however, give a false impression of the place and function
of microorganisms in nature to neglect at least a brief consid-
eration of some of the other changes which they can bring about.
In this chapter some of the more important will be considered.

The well-nigh universal distribution of bacteria and other
microorganisms should be emphasized. They are to be found in
the soil in great numbers, rich surface soil containing from 100,000
to 5,000,000 bacteria to every dry gram. Their dried bodies and
spores are constantly present free or attached to dust particles in
the air. They are to be found in all surface waters in considerable
numbers and are present even in the water from deep wells.
They grow upon the surface of the skin of animals, and the mouth
and digestive tract support a large and varied flora. It is apparent
that whenever conditions are favorable for the growth of micro-
organisms they will be present to begin growth.

61
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The changes brought about by bacteria in nature are of such
importance that but for their continuance plant and animal
life on earth would quickly cease to exist. The fertility of the
soil and the consequent production of all food stuffs is directly
due to certain of the microorganisms present.

Production of Alcohol.—The various alcohols, but more par-
ticularly ethyl alcohol, are produced by certain bacteria, yeasts,
and molds. It has been shown that in the yeast the ability to
bring about this change is resident in the intracellular enzyme,
zymase. Probably similar enzymes are present in the alcohol-
producing bacteria and molds. The common bread or brewer’s
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Fig. 27.—Brewer’s yeast, Saccharomyces cerevisie.

yeast is the form most commonly used in the manufacture of
alcoholic beverages, but certain molds have been found very
useful in the production of alcohol for industrial purposes. Alco-
hol is commonly produced by the fermentation of one of the
hexose monosaccharids, such as dextrose. The reaction may be
given as follows:

CH,,0, = 2C,HOH + 2CO,.

Dextrose. Alcohol. %‘i‘or:'odl:
Yeast is utilized for its other product of fermentation, carbon
dioxid, by the baker in bread making. Higher alcohols, such as
butylic and amylic, are also formed. The yeasts which produce
this change are quite widely distributed in nature, being par-
ticularly abundant on the surface of fruits and in saccharine
liquids. Fruit juices and other solutions containing sugar if
allowed to stand, therefore undergo ‘‘ spontaneous” fermenta-
tion, with production of ciders, wines, and similar beverages.

Production of Acids.—Several of the organic acids are com-

monly produced by fermentative organisms. Three of these are
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of pé.rticular economic importance, namely lactic, acetic, and
butyric. A great variety of others are occasionally produced,
usually in small quantities only.
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Fig. 28.—Lactic acid bacteria: A, Streptococcus lacticus; B, Bacillus bulgaricus.

Lactic Acid.—Dextrose and some other monosaccharids are
converted into lactic acid by several common organisms. The
reaction may be empirically represented as follows:

CH,,0, = 2C,H, OH'COOH.

Dextrose. Lactic acid.

The reaction occu:s most frequently in milk which is allowed to
stand. In this case the lactose or milk-sugar is first broken
down into the monosaccharids before being converted into lactic
acid.

C,H,0, + HO = CH,0, + CH,,0,.

Lactose. Dext Galact

The formation of lactic acid in milk is of the greatest economic
importance, as the organisms which produce this acid are the ones
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Fig. 20.—Acetic acid organism, Bacillus aceti: a, Normal individuals; b, in-
volution forms. (Adapted from Hansen.)

.

which are necessary to the development of proper flavors and
quality in butter and cheese. This acid is also produced in
the manufacture of sauer-kraut and to some extent in silage.
The lactic acid formed in milk is instrumental in preventing the
growth of putrefactive and other undesirable bacteria.



64 VETERINARY BACTERIOLOGY

Acetic Acid.—Acetic acid is the most important and the
characteristic constituent of vinegar. It is produced by several
species of bacteria by the oxidation of ethyl alcohol according
to the following reaction:

CH,OH + O, = CH,COOH + H,0.
Alcobhol. Acetic acid.

Any solution containing alcohol, if left in contact with free oxygen,
will commonly undergo this fermentation spontaneously, as
Bacillus aceti, the organism usually responsible, is ubiquitous.
To insure rapid and efficient fermentation the cider or other
alcoholic solution is sometimes inoculated with mother of vinegar,
a mass of the organism which commonly forms a mat upon the
surface of the fermenting liquid.

"ol

Fig. 30.—Butyric acid bacteria, Bacillus butyricus. (Adapted from Fischer.)

Butyric Acid.—Under anaérobic conditions saccharine solutions
are apt to undergo butyric acid fermentation as a result of the
development of the Bacillus butyricus or a related form. The
reaction may be represented as follows:

CH,0, = C,H,COOH + 2CO, + 2H,.

Dextrose. Butyric acid.

Butyric acid has an exceedingly disagreeable odor and taste,
hence the growth of this organism in any saccharine or starchy
food substance renders it unfit for use. Inasmuch as these
organisms are all spore producers, they resist heat well, and as
they are anaérobic they will grow when sealed in a can and all
air excluded. Rancidity in butter is sometimes due, in part
at least, to the development of butyric acid.

Decay and Putrefaction.—A distinction is sometimes made
between the terms decay and putrefaction. The former is said to
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be decomposition of organic matter brought about by the aérobic
bacteria, the latter by the anaérobic types. This distinction
is not always acknowledged and adhered to, however. The
substances produced by the decomposition by bacteria depend, of
course, quite largely upon the nature of the material to be de-

composed. The carhohydrates and fats break down into alcohols,

_acids, and carbon dioxid, but the proteins are split into a great
-variety of substances. Other agents, as acids and alkalis, will

break up the proteins in a similar manner and into many of the
same substances as do bacteria. Chemists have in recent years
demonstrated that proteins are made up of large numbers of
molecules of the a-amino acids linked together. An a-amino acid
is an organic acid that has the NH, group in the alpha position,
that is, next the carboxyl. For example, the amino acid corre-
sponding to C,H;CH,COOH, butyric acid, is C,H,CHNH,COOH.
When these constituent links of the protein molecule are forced
apart, they usually appear in the form of one of about twenty com-
pounds which have been grouped as primary protein derivatives.
Some of these normal derivatives are further altered by bacteria.
Among them have been found certain compounds called ptomains,
some of which are known to be very poisonous. The splitting
usually continues until much of the organic matter is reduced
to comparatively simple compounds, such as H,S, CO,, CH,, and
NH,. The process of protein disintegration is called proteolysis.
It usually occurs in several distinct stages. The proteins are
first broken down into relatively complex substances called prote-
oses, these then are broken down into peptones. This is called
peplonization, as it is essentially the change that may be brought
about by the enzyme pepsin from the stomach. The process con-
tinues and the peptones become amino acids and at last ammonia
is liberated. From an economic point of view this liberation of
ammonia has the greatest significance, for from this transformation
comes all the nitrogenous material used by plants and indirectly
by animals as food. This is the essential transformation that all
organic nitrogenous fertilizers, such as barnyard manure and
dried blood, will undergo before they can be of any use to higher
plants. By such changes water contaminated by sewage purifies
itself.
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Some of the nitrogenous products of bacterial decomposition
are worthy of note, inasmuch as they are used in the laboratory in
the differentiation of certain species. The most important of
these are indol and skatol. They are organic compounds having
the following formulas:

CH,
B \CH ca  SCH.
Indol Shwl.

Indol is produced by certain bacteria when growing in a solution
of peptone. It is identified by the addition of nitrous acid, with
which it combines to form nitroso indol, a bright red compound.
In making the test in the laboratory it is customary to add a
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Fig. 31.—Some decay-producing and putrefactive bacteria.

few drops of concentrated sulphuric acid, followed by a dilute solu-
tion of nitrite. The sulphuric acid breaks up the nitrite, with the
formation of free nitrous acid, which then unites with the indol.
Indol and skatol are also formed in the intestines by the activity
of certain of the bacteria found there and are of considerable
physiological significance.

Reduction Processes in Inorganic Compounds.—Changes similar
to those just discussed are sometimes brought about by bacteria
in inorganic compounds. When nitrates are in solution together
with organic substances and under anaérobic conditions, the
bacteria present in many cases will reduce the nitrates to nitrites
and the nitrites to free nitrogen, apparently in order to utilize
the oxygen. This process is usually called denitrification because
the medium loses nitrogen, but is more correctly a reduction or
deoxidation. Sulphates are reduced to sulphites and even to
sulphids under similar conditions. For example, the sewage from
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a city whose water supply contains a large percentage of sulphates
will develop hydrogen sulphid in considerable quantities if it is
put under anaérobic conditions. Other reductions of a similar
nature have been described for chlorates. )

¢

Fig. 32.—Denitrifying bacteria: A, Bacillus cols, which changes nitrates into
nitrites; B, Bacillus denitrificans, which produces free nitrogen from nitrates.

Oxidation of Inorganic Compounds.—Bacteria and other
microdrganisms that live in the presence of oxygen are sometimes
active oxidizers of inorganic compounds, securing in this manner
the energy that is necessary for their various growth processes.

jl’{/

Fig. 33.—Sulphate reducing splnllum, Spirillum desulfuricans.

Oxidagion of Hydrogen Sulphid.—Waters containing hydrogen
sulphid, as do many of the so-called mineral springs, usually
contain bacteria which gain their energy for food manufacture

Fig. 34.—Microtrganisms that oxidize hydrogen sulphid: A4, B, Beggiatoa
8p.; C, Thiophysa volutans (Hinze).

and growth from the oxidation of this substance. The slimy
black and white deposit commonly found in such waters, when
examined microscopically, will be seen to be made up of masses of
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Beggiatoa and similar organisms whose cells will be found packed
with sulphur granules. Probably the following reaction accounts
for this formation of free sulphur:

2HS + O, = 2H,0 + S,

The process is carried still farther if there is any deficiency of
the hydrogen sulphid, and the free sulphur is converted into
sulphuric acid and sulphates.

8, + 30, = 280,
H,0 + 80, = H,SO,.

The sulphuric acid is, of course, at once neutralized by the bases
present in the water.

Ozxidation of Iron.—Many natural waters contain ferrous car-
bonate or some similar salt of iron. Certain bacteria oxidize

1 |

Fig. 35.—Microdrganisms that oxidize ferrous to ferric iron: a, Lep-
tothriz ochracea; b, Gallionella ferruginea; c, Spirophyllum fegrugineum.
(Adapted from Ellis.)

this to ferric hydrate, and deposit this insoluble material in
their sheaths. The reaction may be represented as follows:

2Fe,CO, + 3H,0 + O = Fe,(OH), + 2CO,.

Probably these organisms make use of the energy obtained by
this reaction in the same manner that the sulphur bacteria do the
oxidation of the sulphur, to secure energy for the formation of their
foods and to gain the energy needed for growth and development.
These organisms are particularly apt to occur in well water or
spring water laden with iron, and have in some cases caused
considerable trouble by clogging the water pipes with their growth.
It is known that the bog iron ore of Sweden and probably the
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great iron beds of northern Minnesota have been deposited by
the activity of such organisms.

Ozxidation of Ammonia.—In most soils there are numerous
bacteria that oxidize free ammonia to nitrous acid, and by neutral-
ization with the soil bases form nitrites. These organisms do not
develop well in the laboratory in the presence of organic matter.
It seems evident that they utilize the energy secured from the

Fig. 36.—Bacteria that oxidize ammonia and nitrous acid to nitrous
and nitric acid respectively: a, Nitrosomonas europea; b, N. javensis; c,
Nitrobacter (Winogradsky).

oxidation of the ammonia to build up their protoplasm out of
simple materials. They are among the best examples of the
strictly prototrophic bacteria. Organisms capable of bringing
about this change are called nitroso-bacteria. The reaction may be
represented as follows:

NH, + 20, = HNO, + H,0.

This is the first of the two steps in the process called nitrification
in the soil.

Oxidation of Nitrous Acid.—The nitrous acid formed in the
soil and in water, etc., by the preceding group is further changed
by another group of organisms called the nitrate bacteria. Like
the preceding, they are widely distributed in water and soil,
and complete the process called nitrification or, better, oxidation
of nitrogen. The nitrates produced by their activity are the
source of nitrogen for green plants. A few of the latter are able
to make use of nitrogen in the form of ammonia compounds, but
in nature this rarely occurs. The reaction may be represented as

follows:
2HNO, + 0, = 2HNO,.

It is probable that the fertility of the average soil is more largely
determined by the maintenance of conditions favorable to the
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development of these nitrifying organisms than by any other
single factor. Their importance in nature as essentials for the
growth of the higher plants and, therefore, of animals can scarcely
be overestimated. )

Nitrogen Fization.—The free nitrogen of the air is so inert
that very few living plants are capable of making use of it in
the building up of their bodies. None of the green plants can
bring this about of themselves. Certain molds and bacteria
are able to make use of this source of nitrogen, however, and
are, therefore, of the greatest economic importance. The fer-
tility of the soil is largely dependent upon the fixed nitrogen that
it contains, and the taking up of the free nitrogen by these
organisms ultimately renders it available to other forms of plants.
This does not mean that the bacteria take up the nitrogen from the
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Fig. 37.—Free living or non-symbiotic nitrogen-fixing bacteria: 4, Bactllus
(Clostridium) pastorianum; B, Azotobacter; a, A. chroococcum; b, A. agilis.
(A after Winogradsky, B after Beyerinck.)

air and immediately transform it into nitrates for the use of the
higher plants, but that it is built up into their protoplasm and
ultimately is set free by the death and decomposition of the organ-
isms. Microdrganisms which make use of free nitrogen commonly
utilize carbonaceous materials as a source of energy.

Organisms capable of fixing nitrogen are subdivided into two
general groups, those which live free in soils and those which live
in or on the roots of certain plants in a kind of symbiosis. The
free living organisms which fix nitrogen belong to three general
groups: first, certain anaérobic types belonging to the general
group of butyric acid bacteria; second, certain aérobic species;
third, a few molds. The anaérobic organism known to fix the
nitrogen is Bacillus (Clostridium) pastorianum. Probably this
organism is not of the greatest importance, as the conditions for
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its development do not often obtain. Bacteria of the nitrogen-
fixing aérobic type belong to the group called Azotobacter. These
organisms are abundant in many soils and fix considerable quan-
tities of nitrogen, gaining energy therefor by oxidizing the car-
bonaceous materials from dead plant tissues. The addition of
straw, for example, to a soil will furnish sufficient food so that
these bacteria will bring about an appreciable increase in the
nitrogen content. The importance of the molds in this connection
is not fully understood, but several species have been described
which are capable of fixing nitrogen. )

The microorganisms which fix nitrogen in symbiosis with
higher plants may be divided into two groups, those bacteria
which grow upon the roots of legumes and the molds which
grow on the roots of certain other plants. All plants belonging

Fig. 38.—Bacillus radicicola: a, Normal bacillar form; b, bacteroids or involu-
tion forms.

to the legume or pulse family, such as clover, alfalfa, peas, beans,
ete., usually bear upon their roots tubercles or nodules which,
when opened, are found to be made up of cells tightly packed with
bacteria. It has been shown experimentally that these organisms
growing within the roots in some way take up free nitrogen from
the air and eventually turn it over to the host plant, so that the
legumes are not dependent for their development upon nitrogen
which may be present in the soil, but can make use of the
free nitrogen of the air as well. These plants are, therefore,
very important in agriculture in the maintenance and increase of
soil fertility. This organism, known as Bacillus radicicola (Fig.
38), enters the young growing root through a root hair and causes
a kind of tumor formation in the tissues of the root, resulting in
the development of the nodule. The organism is at first a straight
rod, but later, when growing inside the cells of the host, it becomes
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much enlarged and shows many involution forms. The other
organisms growing symbiotically within or upon the roots of
plants are all molds. They develop either upon the surface
of the root, forming a white, cottony, floccose covering, or they
grow in the tissues just below the epidermis. They sometimes
cause nodules to develop, as is the case with the Russian olive and
the alder, or they produce no characteristic overgrowth of tissues

Fig. 39.—Nodules on the root of a legume, Soy bean. (Moore, U. S. Dept.
Agr.)

at any one point, but are found quite uniformly present upon the
young growing roots. Certain trees, such as the oak and the
pine, particularly, when growing in nitrogen poor soils, show the
development of this mycorrhiza (Gr. fungus and root). It has
been shown that these molds are quite active in taking up free
nitrogen from the air and are of benefit to the plant upon which
they occur.
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The Nitrogen Cycle.—The relationship of microdrganisms to
nitrogen and its compounds has been noted in the preceding pages.
These changes may be summarized as follows: Certain bacteria
break down organic compounds containing nitrogen with the ulti-
mate liberation of ammonia. Other species change the ammonia
to nitrous acid and nitrites. Still other species transform the
nitrites to nitrates, and these the higher plants take up from the
soil and transform again into complex organic substances. These
eventually again decay or are eaten by animals and converted into

*animal tissues. The nitrogen of both plant and animal tissues

Qnimal proteins.

R’f.. iaation,

Immonification,

T o o ]

b

Nilrites.

Fig. 40.—Nitrogen cycle. Changes brought about by bacteria indicated by
solid lines, other changes by dotted lines.

ultimately undergoes the change first noted and the nitrogen again
appears as ammonia. This series of changes is called the nitrogen
cycle. It is to be noted in addition that some bacteria are found
which decompose nitrates with the formation of nitrites and
liberate free nitrogen in the so-called process of denitrification.
Other species, either alone or in symbiosis with higher plants,
take up and fix free nitrogen from the air and eventually convert it
into a form available for higher plants. These changes may be
better understood by reference to the accompanying diagram.
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Miscellaneous Changes.—Many changes are brought about
by bacteria other than those which are here discussed. Micro-
organisms are of importance in tanning, curing of tobacco, the
preservation of food-stuffs, such as silage and sauer-kraut, the
retting of flax and hemp, the curing of the so-called burnt or
heated hay, and in many other ways. It is to be remembered that
probably in all cases these changes are brought about by the
enzymes produced by the bacteria.




CHAPTER V

CLASSIFICATION OF MICROORGANISMS

It is necessary in a consideration of organisms belonging to
either the plant or animal kingdoms to divide or separate them
into groups, with their apparent relationships as the basis for the
grouping. Microdrganisms of pathogenic significance we have
previously divided into the four groups—bacteria, yeasts, molds,
and protogoa. A discussion of the classification of the last will
be reserved to the chapter on Diseases Produced by Protozoa.

The classification of micro-6rganisms is by no means in a satis-
factory state. Many bacteriologists and others who have inves-
tigated diseases have failed to recognize the importance of simple
classifications and have introduced many new names needlessly.
It is a principle of nomenclature accepted since the time of Lin-
naeus that every plant and animal belonging to a distinct type or
species shall receive a Latin name, this name to be made up of two
words only. The second of these words is the species name, and
is peculiar to the particular kind under consideration, the first is
called the genusor genericname. For example, among higher plants
we have the genus Quercus, or oak, which is subdivided into many
species, such as white oak, red oak, swamp oak, etc. (Quercus alba,
rubra, etc.). The generic name is applied to all those species which
resemble each other, as do all of the oaks. Species of plants and ani-
mals are given names which are understood to serve as convenient
terms for their designation. It is an established principle that the
name first given to a plant or an animal is the one which should
always be used whenever that name is in accordance with certain
rules. Some bacteriologists have made the mistake of believing
that a scientific name should be a description or even a descriptive
term. It is no more necessary that the species name of a bacterium
should describe that bacterium than that the given or Christian
name of an individual should describe him. Disregard of this rule
has resulted in some very unwieldy names being given to micro-

]
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organisms, for example, names such as the following have been
applied to bacteria: Bacillus membranaceous amethystinus mobilis,
Bacillus argendeus phosphorescens liquefaciens, and even the fol-
lowing, Bacillus saccharobutyricus fluorescens liquefaciens im-
mobilts. Such names are given under the mistaken idea that
the specific name should be a description of the species. This is
not customary in naming any of the higher plants and animals,
and it is certainly not more desirable in bacteria. The yeasts,
molds, and protozoa have more commonly been studied by those
who have had technical training in nomenclature than have the
bacteria, consequently the classification of these forms is on a
much more satisfactory basis. The only justification for a specific
name made up of more than two words is that the two words
taken together express but a single idea.

CLASSIFICATION OF BACTERIA

Many different classifications have been proposed for bacteria,
but not one of these has come into general use. A careful exam-
ination of different texts in bacteriology, particularly those

devoted to the pathogenic bacteria, will show that different sys- -

tems and schemes of classifications are used in dealing with
closely related organisms. Not only have the groups been fre-
quently changed, but many different names have been applied
to almost every one of the pathogenic bacteria. The consequence
is that in studying any pathogenic organism it is necessary to
give not only the name preferred by the author but also a list
of the synonyms which have been used by others. It seems
probable that a satisfactory system of nomenclature is yet to be
devised. The system of bacterial classification which has been
most generally adopted and has given the best general satisfaction
is that of Migula, published in Engler and Prantl’s Synopsis of
Plant Genera. This classification has been somewhat modified
by Frost and McCampbell and their regrouping is perhaps more in
accord with the facts. It is perhaps more important that a dis-
tinct and satisfactory classification should be adhered to than
that a single. classification should be used for all purposes.
The following classification is the one which will be adopted in
this text. It is based upon Frost and McCampbell’s modifica-
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tion of Migula’s scheme, but with some changes which seem to
codrdinate it better with practice. A key to the various groups
and genera of the bacteria as here used will first be given, fol-
lowed by a brief discussion of the characteristics of the more
important genera. All of those groups of bacteria which are
not of economic¢ importance or which have no pathogenic members
have been eliminated. This removes some fifteen or eighteen
genera which have no common or economic representatives and
are chiefly of systematic or botanical interest.

KEY TO THE GROUPS AND GENERA OF BACTERIA

1. Order Eubacteria, or true bacteria. Cells free from sulphur.
Family I. Coccaces. Bacterial cells globular when in a free state.

Non-motile.
Cell division occurring in parallel planes resulting in the formation of
chains . ... ... Streptococcus.

Cells dividing in two planes, forming plates of cells, or not remaining
united, or dividing irregularly to form irregular masses. . Micrococcus.
Cell division occurring in three planes, all at right angles, the cells re-
maining united after division and forming cubes or packets. . Sarcina.
Motile.
Same as Micrococcus, but with organs of motion. ....... Planococcus.
Same as Sarcina, but with organs of motion............ Planosarcina.
Family II. Bacteriacese. Cells cylindric in shape and not bent . . Bacillus.
Family III. Spirillacese. Cells in the form of corkscrews or spirals, or
segments of a spiral. Cells fairly rigid, usually motile by means of a
flagellum or tuft of flagella at theend.................... Spirillum.
Cells forming long, thin, and tenuous spirals. Flagella, if present,
demonstrated only with difficulty. Probably protozoa in part and
not true bacteria................ ... ... ... oL, Spirocheta.
Family 1IV. Chlamydobacteriaceee. Cells cylindric, united in threads,
and surrounded by a sheath. Arthrospores sometimes present.

Filaments show no branching.......................... Leptothriz.
Filaments show false branching........................ Cladothrizx.
Filaments show true branching.
Arthrospores or conidia produced................... Nocardia.
Nosporesobserved.............................. Actinomyces.
I1. Order Thiobgctera. Cells containing sulphur granules.
Filaments surrounded by asheath...................... Thiothriz.
Filaments not surrounded by a sheath. .................. Beggiatoa.

Streptococcus.—The term Streptococcus is applied to any
spherical organism whose cells occur in chains. The method of
development has already been discussed. Spores are not developed.
In some forms the chains break up readily into pairs, to which
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the name Diplococcus is sometimes applied. This has been used
by some writers as a genus name.

Micrococcus.—All spherical organisms the cells of which do
not occur either in chains or packets are generally included under
the genus name Micrococcus. As defined by Migula, the name
strictly applies only to those organisms which divide alternately
in two planes at right angles to each other, forming pairs and
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Fig. 41.—Types of Streptococci: a, d, Streptococci oonsiéting of uniform ele-
ments; b, Streptococcus consisting of diplococcus elements; ¢, Diplococcus.

fours and, eventually a plate. Very few bacteria develop in this
manner. It has been assumed by some authors that division
may occur in the two planes, but the cells may divide at such
irregular intervals that irregular masses of the organisms may
be formed. It is altogether probable that some of the cocci
divide irregularly and not in planes strictly perpendicular or
parallel to previous planes of division. This results in the forma-
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Fig. 42.—Types of Micrococcus: a, Micrococcus of isolated cells; b, Micro-
coccus showing tetrads, forming plates of cells or merismopedia; ¢, Micrococcus
with cells in an irregular mass—Staphylococcus.

tion of irregular groups. When the organisms remain united, as
frequently occurs, they form irregular bunches, to which the name
Staphylococcus is sometimes given. As used in the following chap-
ters, the term Staphylococcus is synonymous with Micrococcus.
Bacillus.—As used here, the term Bacillus includes all rod-
shaped organisms. Two other names are used by some authors,
namely, Bacterium and Pseudomonas. Bacterium is defined by
some authors as a non-motile bacillus, by others as a non-spore-
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bearing bacillus. Sometimes a non-motile organism is found to
be physiologically, culturally, and morphologically closely related
to some motile form, and it seems to be undesirable to separate
these into different genera. The differentiation on the basis of
spore formation has not been generally accepted by bacteriologists.
The term Pseudomonas is sometimes used to indicate a motile

Fig. 43.—Types of bacilli: a, b, Non-motile bacilli (Bacterium); ¢, mono-
trichous bacillus (Pseudomonas); d, lophotrichous bacillus (Pseudomonas);
¢, f, peritrichous Bacillus.

bacillus having polar flagella, while the term Bacillus is limited
to organisms having flagella over the entire surface of the body
(peritrichous). The term Bacillus is here used to include both
Bacterium and Pseudomonas.

Spirillum.—The family Spirillaces is divided by Migula into
four genera: Spirosoma is non-motile. Microspira is a rigid,
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Fig. 44.—Types of spirilla: a, Non-motile spirillum (Spirosoma); b, mono-
trichous spirillum (Microspira, Vibrio); ¢, lophotrichous spirillum with 2 or 3
flagella (Microspira, Vibrio); d, lophotrichous spirillum (Spirillum).

short, comma-shaped organism with one, two, or three flagella.
Vibrio is sometimes used as a synonym of microspira. Spirillum
is used to indicate a long, rigid, spiral bacterium with a tuft of
flagella at one or both ends. As used in this text, the term Spir-
illum will include Spirosoma, Microspira, Vibrio, and Spirillum.
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Spirocheeta.—Spirocheta is defined as an organism with
long, thin, flexible spirals on which flagella are demonstrated
with difficulty, if at all. It is problematic whether the spirochste
belong to the true bacteria or are a group intermediate between
the bacteria and protozoa. Conclusive evidence on this subject
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Fig. 45.—Types of spirochsete.

is still lacking. These organisms will be discussed with the
protozoa.

Chlamydobacteriacese.—The classification here given is that
used by Jordan in his ““ General Bacteriology.” Nomenclature
of the forms belonging to this group is badly mixed, and the same
terms have been used by different authors with reference to very
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Fig. 46.—A, Leptothrix; B, Cladothrix; C, Nocardia; D, Actinomyces or Strep-
tothrix.

different organisms. Leptothrix is a sheathed organism which
shows no branching. Cladothrix is one which shows false
branching. This false branching arises through one of the inter-
calary cells dividing and pushing the cells lying above it to one
side, and developing thereafter as a terminal cell. Nocardia in-
cludes those forms in which there is true branching, and in which
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arthrospores have been observed. These are formed usually
by aérial hyphe which are thrown up from the surface of the
medium upon which the organism is growing and break up into
segments which resemble bacilli. The term Streptothrix is some-
times used as synonymous with both the terms Nocardia and Ac-
tinomyces, but not correctly, as the name Streptothrix was, as
long ago as 1839, used for a genus in a wholly unrelated group
of fungi. Actinomyces includes those types which show true
branching and in which spore formation has not been observed.
Probably Nocardia and Actinomyces represent but a single genus.
In addition to the forms here given, several other genera have
been recognized by various writers, but are of no importance to
the veterinarian.

Thiothrix includes all thread-like bacteria which possess no
sheath and whose cells contain sulphur granules. Conidia or

A
Fig. 47.—A, Beggiatoa (after Winogradsky); B, Thiothrix (after Ellis).

arthrospores are produced at the ends of the threads. This genus
is of little importance.

Beggiatoa.—This includes all those forms in which the cells
are surrounded by a sheath and contain sulphur granules.

In addition to the names of the genera given above, a large
number of physiologic and pathologic names have been given.
For example, Streptococcus pneumonie is frequently referred
to as the pneumococcus. This is not in any sense a scientific
name, but simply a convenient term for common designation.
Other examples of similar type are gonococcus for the specific
cause of gonorrhea, meningococcus for the organism causing
epidemic cerebrospinal meningitis, and urobacillus for organisms
causing certain ammoniacal fermentations in urine. Such ex-
amples might be multiplied indefinitely.

6
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CLASSIFICATION OF YEASTS

Mycologists recognize a number of different genera in the group
of yeasts. It is probable that the yeasts do not constitute a
homogeneous group. The genus Saccharomyces includes sich
forms as the common bread and brewer’s yeast (Saccharomyces
cerevisie) which produce spores and are active in aleoholic fer-
mentation. The name Torula is sometimes given to similar yeasts
that are not spore producing. This latter name, however, is
incorrectly so applied, as it was previously and is now used to
indicate a genus of molds. The name Blastomyces has been
commonly accepted to indicate the yeasts pathogenic for man
and animals. It is probable that there is little reason for separation
of Saccharomyces and Blastomyces on the basis of their morphology,
but such a separation on the basis of pathogenesis seems to be
advisable.

CLASSIFICATION OF THE MOLDS

Several hundred genera and many thousands of species have
been described. Of these, a few genera only contain species that
are pathogenic for man and animals. For a discussion of classi-
fication the student is referred to Chapter XXXVIII.




SECTION 11
LABORATORY METHODS AND TECHNIC

CHAPTER VI

STERILIZATION

STERILIZATION i8 the process whereby glassware, media, or
any of the materials or apparatus used in the laboratory are
entirely freed from living organisms. It is evident that in the
study of bacteria it is necessary that we deal with pure cultures,
that is, that one kind of organism only be present in the material
which we are studying. It is quite impossible to determine from
mixed cultures which of the organisms present bring about
observed changes. Bacteria are present upon the surface of
all laboratory apparatus, in the dust, in soil, upon the hands—
they are ubiquitous, hence the necessity for sterilization.

Sterilization may be accomplished by physical or chemical
means. In practice the latter is generally called disinfection, and
is rarely used in the laboratory. The term sterilization, there-
fore, as commonly used, indicates the destruction of micro-
organisms by physical processes. '

Sterilization by the Flame.—The platinum wire used in the
transfer of bacteria in the laboratory is sterilized by heating to
a red or white heat in the flame of the Bunsen burner. Similar
methods are sometimes used in the sterilization of other small
pieces of laboratory apparatus, such as cover-glasses and slides. '

Sterilization by Hot Air.—Glassware is commonly sterilized
by subjecting it to a temperature of 150° to 170° in a hot-air
oven for an hour. All bacteria will be destroyed at this tempera-
ture providing the material to be sterilized is of a nature such that

the heat can penetrate readily to all parts. This method cannot be
83
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used, however, in the sterilization of liquids or of any organic mater-
ial which might be decomposed at such a temperature.
Sterilization by Streaming Steam.—I+t is found in practice that
live steam is the most efficient sterilizing agent for many of the
media used in the laboratory. Steam under atmospheric pressure
at sea-level has a temperature of about 100°. Some type of
apparatus is used such that the live steam comes in direct con-
tact with the material to be sterilized. One type of the apparatus
is called the Arnold steam sterilizer (Fig. 49). It consists essen-
tially of a pan with a double bottom opening into the sterilizing

Fig. 48.—Oven for sterilization by hot air (Jordan).

chamber above. The water between the bottoms is quickly
heated to boiling temperature and is automatically replaced
from the supply on the exterior through small holes as rapidly
as it boils away. A single exposure to live steam for fifteen
minutes is sufficient to kill all vegetative bacteria, but spores
are not thus destroyed. It is customary, therefore, to heat for
fifteen minutes on one day, keep the medium for twenty-four
hours at a temperature suitable for the germination and devel-
opment of any spores present, then heat again for fifteen minutes
in the same manner. Those spores which have germinated will
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be destroyed by this second heating. A third heating, twenty-four
hours later, will quite certainly destroy all the bacteria which may
have been present. This process is called intermittent steriliza-
tion. It finds its principal application in the sterilization of
materials which would be changed or broken down by heating
at a higher temperature. Among such materials are media con-
taining sugars which undergo incipient caramelization when
heated too hot.

Sterilization by Steam under Pressure.—This is generally
accomplished in the autoclave or digester, which consists essentially

Fig. 49.—Arnold steam sterilizer (Fowler).

of a chamber into which steam under pressure can be introduced
(Fig. 50). Many different types of these autoclaves have been
put upon the market. Live steam under a given pressure unmixed
with air has a constant temperature; therefore, if the pressure
of the steam is known, one can determine easily the temperature
as well. It is necessary, however, that all air be first eliminated.
This is accomplished by allowing the stop-cock, which is always
present upon the steam chamber in the autoclave, to remain open
until all the air has escaped and the steam issues in a constant
stream. This cock is then closed and the pressure caused to
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rise as quickly as possible to 15 pounds to the square inch, or
one additional atmosphere. This gives a temperature of about
121°, Material to be sterilized should be allowed to remain
fifteen minutes usually. If large bulks, such as flasks of media,
are to be sterilized, a longer period must be allowed in order that

Fig. 50.—Autoclave for sterilizing by steam under pressure.

the media may be completely heated through. If very small
quantities of material are being sterilized, a shorter period may
be used. When properly carried out, sterilization by this method
will certainly destroy all the bacteria present. Its principal
disadvantage is that certain organic substances may be decomposed
at this temperature.
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Sterilization at Temperatures Lower than Boiling-point.—
It is sometimes necessary to sterilize media, particularly blood-
serum, at temperatures lower than the boiling-point of water.
This is accomplished by placing the material to be sterilized in an
apparatus where it may be heated to the desired temperature,
usually 70°-80° for one to two hours on each of five or more
successive days. If large numbers of spores of certain organisms,
such as Bacillus subtilis, are present, it is almost impossible to
sterilize efficiently by this method. However, if care is used in
securing the blood-serum to prevent the introduction of such organ-
isms, sterilization may be easily accomplished at this tempera-
ture.
Sterilization by Addition of Chemicals.—It is only under excep-
tional conditions that chemicals are used to sterilize media.

Fig. 51.—Apparatus for sterilization by filtration (McFarland).

It has been found that the addition of soluble materials, such
as lactose, in considerable quantities to media containing pure
cultures of certain bacteria will destroy the organisms so that
they may be used as a vaccine. This method does away with
the destruction of any of the characteristic metabolic products
by heat. )

Sterilization by Filtration.—Bacteria may be removed from a
liquid by passing it through a filter with pores so fine that the
organism cannot penetrate. Such filters are made up in a great
variety of shapes and densities. Among the many used are the
Berkefeld, the Pasteur, and the Chamberland. These are made of
unglazed porcelain. In filtration through these it is necessary, of
course, that all the apparatus used, particularly the vessel into
which the filtrate runs and the filter itself, be sterilized before use.



88 VETERINARY BACTERIOLOGY

This method of sterilization is commonly used for the removal of
bacteria from culture-media when it is desired to study their
soluble metabolic products, and in the removal of bacteria from
sera which contain antitoxins and other antibodies. It is not
commonly used in the sterilization of media intended for the
cultivation of bacteria. Filters of this character have been used
extensively in the filtration of water for drinking purposes. When
first installed, they are quite efficient, but it is found that the organ-
isms rapidly penetrate, and in the course of time are found in the
filtrate. Such filters must, therefore, be sterilized at intervals if
they are to remain efficient.




CHAPTER VII

CULTURE-MEDIA AND THEIR PREPARATION

Microscopric examination alone is quite insufficient to
differentiate species of bacteria. By the aid of a microscope
one cannot readily recognize the differences, for example, between
the organisms which cause typhoid fever and certain of the normal
inhabitants of the intestinal tract. It is necessary, therefore,
in a study and differentiation of species, that we make use of
different kinds of culture-media in which the bacteria may be
grown. By the term medium is meant any nutrient substance or
mixture upon which or in which bacteria will multiply. The
bacteria in their development on the various media show certain
growth reactions which are very useful in their differentiation.
Some produce acids, others gas, alkalis, and proteolytic and
coagulative enzymes.

Use of Normal Solutions of Acid and Alkali and Methods of
Expressing Reactions.—In the chapter on Physiology we have
noted that many bacteria are extremely sensitive with respect to
the acidity or alkalinity of the medium in which they are grown.
Some organisms develop best in a medium which is approximately
neutral; some refuse to develop unless there is a slight excess of
alkali present. It isnecessary, therefore, that some definite method
of expression of these acidities and alkalinities be adopted. For
this purpose it is customary to use normal solutions.

A normal solution of a chemical may be defined as one in which
there is one gram of replaceable (acid) hydrogen or its equivalent
per liter of solution. For example, if we wish to prepare a normal
solution of HCl, we must so dilute the acid that it contains one gram
of hydrogen per liter of solution. This is best accomplished in
any substance that can be readily weighed by dissolving the
molecular weight expressed in grams in sufficient water to make a
liter of solution. If there is more than one atom of replaceable
hydrogen in the molecule, it is ngcessary to divide the amount
used by the number of any such atoms. For example, the molecu-
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lar weight of H,SO, is approximately 98, but there are two re-
placeable acid hydrogen atoms. Therefore, half this molecular
weight in grams, or 49 grams, of the H,SO, is made up to a liter
of solution and contains one gram of acid hydrogen. The same
principle is adopted in the preparation of a normal solution
of an alkali; in this case, however, it is necessary to_divide the

‘molecular weight by the number of atoms of the base present,

which will replace hydrogen. For example, the molecular weight
of NaOH is 40. It contains one atom only of sodium, and a normal
solution, therefore, contains 40 grams to the liter. Dry sodium car-
bonate (Na,CO,) has a molecular weight of 106. Two atoms of sod-
ium are present; therefore it is necessary to divide by two, so that
a normal solution of sodium carbonate contains 53 grams to the

liter of solution. It is evident that a given volume of a normal -

solution of an acid will neutralize exactly an equal volume of a
normal alkali.

It is customary to use indicators in the determination of the
acidity or alkalinity of a solution. Those most commonly used
are litmus, which is blue for alkaline and red for acid solutions,
and phenolphthalein, which is colorless with acid and red with
alkali. Phenolphthalein is so delicate an indicator that it is
sensitive to the presence of CO, in solution. It is, therefore,
necessary, whenever this indicator is used, to heat the solution
to boiling temperature in order to drive off any CO, which may
be present. It is customary to express the acidity or alkalinity
of a solution in terms of the amount of normal acid or alkali present
per 100 c.c. of solution. For example, if it is found that it requires
10 c.c. of the normal solution of alkali to neutralize 100 c.c. of a
given solution, we know that there is present in that solution the
equivalent of 10 c.c. of normal acid, and the reaction is expressed
as + 10. If the reaction is alkaline, the negative sign is used.

Nature of Nutrients Required by Bacteria.—It is found that
practically the same elements are necessary for the nutrition of
bacteria as are essential for higher plants and animals, but they
may be used in quite different proportions.

It is particularly important that the disease-producing bacteria
be cultivated whenever possible. Cultivation outside the body is
quite necessary to a satisfactory proof of pathogenicity, to differ-
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entiate species, and to secure the organism in quantities sufficient
for preparation of vaccines, antitoxins, etc. A few standard media
are commonly used in the laboratory for the growth of bacteria, and
- a great variety of special types have been devised for certain
species that do not grow upon these. It is impracticable even
to enumerate the many special media that have been employed.

. LIQuID MEDIA

Bouillon or Beef Broth from Meat.—This is the commonest of
laboratory media and serves as a basis for the preparation of
many others.

Place 500 gm. chopped lean beef in a liter of water and allow
it to stand in a refrigerator over night. The juice is then pressed
out with a meat press, boiled for half an hour, the coagulated
albumins filtered out, the liquid made up to a liter with water, 10
gm. of peptone added, and heated sufficiently to dissolve. The
reaction is adjusted to the proper point, usually + 1, by titra-
tion, or the medium is simply neutralized by addition of nor-
mal NaOH, using phenolphthalein paper as an indicator if a high
degree of accuracy is not required. The broth is then autoclaved
at 15 pounds pressure or boiled for fifteen minutes, allowed to
cool, and then filtered. The cooling throws down a precipitate
of magnesium ammonium phosphate, which may then be removed.
In many cases this is not objectionable and filtration may be
carried out while the solution is still hot. The finished bouillon
or broth is placed in test-tubes and flasks, and sterilized in the
autoclave under a pressure of 15 pounds for 15 minutes.

Bouillon or Broth from Beef Extract.—It is customary, in much
of the routine work of the laboratory, to substitute for the pre-
ceding a broth in which three grams of a beef extract, such as
Liebig’s, is substituted for the meat.

Sugar-free Broth.—There is generally present in the preceding
media a small amount of carbohydrate, largely dextrose. In
some cases a sugar-free medium is required. Theobald Smith has .
devised a modification of the meat broth for this purpose which
is commonly used. Several broth tubes containing vigorous
twenty-four-hour cultures of Bacillus colt are added to the meat
infusion and kept at 37° for eighteen hours. In this time the
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bacteria will have used up all the sugar present. The broth is
then prepared as above.

Sugar Broth.—Sugar-free broth is generally modified by the
addition of carbohydrates, such as dextrose, saccharose, and °
lactose, making 1 per cent. solutions. Such media must be
subjected to intermittent sterilization in flowing steam and not
in the autoclave, as the carbohydrates readily decompose.

Glycerin Broth.—Five or 6 per cent. of glycerin added to
broth makes it a much more favorable medium for many organisms.

Serum Broth.—Blood-serum secured under strict aseptic pre-
cautions may be added to sterile broth in various proportions.
Tubes prepared in this manner should be incubated for a few
days to determine whether or not the medium is sterile. Steril-
ization can be effected only by filtration, as heating would coagulate
the serum.

Dunham’s Solution.—This is a solution containing 1 per cent.
peptone and 0.5 per cent. sodium chlorid in water. It is used in
growing organisms for the determination of indol.

Beerwort.—Unhopped beerwort is frequently used for the
growth of yeasts and molds.

Milk.—Fresh separated milk is tubed and subjected to intermit-
tent sterilization. Commonly, litmus is added in sufficient quan-
tities to make the milk a distinct blue.

Synthetic Media.—It is sometimes desirable to prepare a
medium in which the exact chemical composition of every ingre-
dient is known. The nature of all the changes brought about by
bacteria can be studied chemically in such a medium, and the
food requirements determined by changes in the composition.
Most synthetic media contain as a basis an aqueous solution
of certain salts, among them potassium phosphate and sodium
chlorid. Special media of this kind are used extensively in the
study of the soil bacteria; it is only occasionally that such a
medium proves serviceable in the study of pathogenic forms. The
most commonly used of the synthetic media is Uschinsky’s solution.

Water, distilled. . .......................... 1000 c.c.

ASParagin. ..........oiiiii it 4gm.;
Ammonium lactate. ........................ 6gm.;
Na,HPO, . ... 2gm.;
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LIQUEFIABLE SOLID MEDIA

Nutrient Gelatin.—This is prepared by the addition of 10-15
per cent. of gelatin to bouillon as prepared above. The gelatin
should be the best “ gold label.” Care must be used in heating
the solution while dissolving the gelatin or the latter will stick
to the bottom of the vessel and burn. It is best to use an asbestos
pad, a double boiler, or a rice-cooker. The gelatin is itself acid,
so that it is necessary to adjust the reaction after it has dissolved.
The medium is then cooled to 60°, and the white of an egg thor-
oughly mixed with it. It is again heated to the boiling-point
without stirring. The coagulation of the egg removes suspended
dust-particles and makes filtration easier. The nutrient gelatin
is tubed and sterilized in the autoclave at 120° for ten minutes.
It should be cooled at once after removal from the steriliger.
Care must be exercised not to heat the medium too long or it
may fail to solidify when cooled.

Other Gelatin Media.—Any of the liquid media already dis-
cussed, with the exception of the milk and serum broth, may be
made solid by the addition of 10 to 15 per cent. gelatin. Among
the more commonly used are dextrose, lactose, and glycerin
gelatin.

Nutrient Agar.—This is prepared by the addition of 1.5 per
cent. of shredded or powdered agar-agar to bouillon. Agar-agar
is a carbohydrate-like material, probably related to the vegetable
gums, which is prepared from certain of the seaweeds of the
Pacific and Indian Oceans. The mixture must be boiled vigorously
for half an hour to insure thorough solution of the agar. This
medium does not burn as readily as does gelatin, and long-
continued heating does not interfere with its solidification when
cooled. The nutrient agar may be sterilized in the autoclave
for fifteen minutes at 120°.

Other Agar Media.—Agar may be used as the solidifying agent
for any of the liquid media described. It has the advantage
over gelatin that it may be kept at blood heat, while gelatin under
such conditions would liquefy.
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NON-LIQUEFIABLE MEDIA

Potato.—Cylinders are cut from potatoes by méans of an apple-
corer or special potato borer. These are divided by a diagonal
longitudinal cut such that each half has one long sloping surface.
It is well to soak in running water for a few hours to prevent
their turning dark when sterilized. They are placed with the
sloping surface up in test-tubes with a bit of saturated absorbent
cotton in the bottom, or in special potato tubes. The latter
are tubes constricted a short distance from the bottom. The
bulb thus formed is filled with water and the potato rests on the
constriction above. This device enables one to keep the potatoes
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Fig. 52.—Preparation of potato tubes: a, Potato cylinder cut diagonally; b,
side view in tube; ¢, front view.

moist for considerable periods. They are sterilized in the auto-
clave for fifteen minutes at 120°.

Other Vegetable Media.—Carrots and other vegetables may
be prepared in the same manner as potato.

Blood-serum.—Solidified blood-serum has been found to be
essential to the growth in the laboratory of certain of the patho-
genic bacteria. It is best to avoid all the initial contamination
of the serum possible, as it is difficult, by the methods used in
sterilization, to rid the medium of all the spore producers when
they are present in considerable numbers. The blood, usually
from beef, is allowed to clot, and the clear, straw-colored serum
removed. A clear, solidified serum may be prepared by heating
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the slanted tubes to 76° for an hour or more on five or six consecu-
tive days. An opaque medium is secured by heating to a tempera-
ture of 95°.

Loefler’s blood-serum is & mixture of three parts of the serum
with one part of neutral 1 per cent. dextrose broth. It is solidi-
fied in the same manner as the simple serum.

Egg Medium.—This medium was developed by Dorset, of the
U. S. Bureau of Animal Industry. It has come into common
use for the growth of the Bacillus tuberculosis and has been used in
recent years as a satisfactory substitute for blood-serum. Dorset’s
description of the method of preparation follows: “ The egg
shell is broken carefully, and the entire contents dropped into a
wide-mouthed sterile flask. The yolk may be broken with a
sterile platinum wire. Gentle shaking of the flask will serve
to mix the white and yolk of the egg quite thoroughly. Care
should be taken, however, not to shake the flask so that a foam will
be produced, otherwise an uneven and unsatisfactory surface will
be obtained when the medium is hardened. When the mixing
is complete, the egg is poured into tubes, care being taken to avoid
foaming, and the tubes containing about 10 c.c. of the medium are
then inclined in a blood-serum oven and hardened at a temperature
of 70° C. This hardening will usually require two days, four or
five hours each day. Sterilization will be accomplished at the
same time. A higher temperature may be used and the medium _
will be hardened more quickly. The growth of tubercle bacillus
seems to be more vigoroug when the egg is hardened at 70° to
74° C,, and, in addition, the prolonged heating probably insures
a more certain sterilization. The medium after hardening is
opaque and yellowish in color, and usually dry, there being
practically no water of condensation in the tube. The egg tubes
should be kept in an ice-box to prevent further drying. Just before
inoculation, three or four drops of sterile distilled water should
be added to each tube to supply the moisture required for the
satisfactory development of the tubercle bacillus.”



CHAPTER VIII

BIOCHEMICAL TESTS

TrE physiological characteristics of bacteria are of considerable
importance in the differentiation of species. A knowledge of
such characteristics is of assistance in the isolation and recognition
of certain species, as in the detection of sewage bacteria in water.

Acid Production.—Acids are most frequently and readily pro-
duced by bacteria in the presence of suitable carbohydrates.
Litmus may be added to a sugar medium for the detection of acid.
A quantitative determination of the acids produced in a liquid
medium may be made by titrating against decinormal alkali.
The ability of organisms to produce acid from various carbohy-
drates is used in the separation of the members of the intestinal
group of bacteria from each other. A record of the changes in reac-
tion from time to time has been found valuable in the differentiation
of the organisms causing bovine and human tuberculosis.

Alkali Production.—The alkali most commonly produced by
bacteria is free ammonia. It may be detected qualitatively by
means of filter paper dipped in Nessler’s solution and exposed above
the medium. The ammonia gas turns the paper brown or black.
The amounts of alkali produced may be determined by titration
against normal acid.

Gas Production.—A few pathogenicebacteria produce gas from
proteins, but most gas-producing species require the presence of
a carbohydrate. The gases most commonly formed are carbon
dioxid and hydrogen. One qr more species of cellulose-fermenting
organisms can also produce methane, and some of the denitrifiers
free nitrogen.

The ability to produce gas may be determined by inoculation
of the organism into a dextrose agar or gelatin tube. Gas-bubbles
will appear in the medium if the organisms can ferment dextrose.
This sugar is generally used, as it is more easily fermented than
most other carbohydrates. The fermentation tube is commonly
used for the study of gas production. The closed arm is entirely
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filled, and the open arm partly filled, with broth containing
the sugar to be tested. The gas found after inoculation col-
lects in the closed arm and may be conveniently measured
by means of a Frost gasometer. The approximate composition
of the gas may be determined by filling the open arm with normal
sodium hydrate and securely closing the opening with the thumb,
mixing the gas with the alkaline solution by passing it several
times from one arm to the other, finally returning it to the closed
arm and removing the thumb. The liquid will then rise in the
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Fig. 53.—Fermentation tube and Frost gasometer (Heinemann).

closed arm to replace the carbon dioxid absorbed. The remaining
gas may be transferred to the open arm and tested by the flame.
Hydrogen is indicated by a slight explosion. The relative pro-
portion of carbon dioxid and hydrogen is sometimes of importance
in the differentiation of species. More important still is the
ability of a species to ferment different kinds of carbohydrates.
Some ferment dextrose, but not lactose or saccharose—some fer-
ment two only, and some all three.

Reduction Processes.—Some bacteria, when living in the absence

7
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of free oxygen, can reduce certain chemicals, evidently securing
oxygen for growth processes by this means. Litmus, methylene-
blue, and other pigments may be decolorized. Nitrates are
frequently reduced to nitrites. For this determination a broth
made from 0.1 per cent. peptone and 0.02 per cent. potassium
nitrate is inoculated and incubated for four days. It is then
tested by the following reagent for the presence of nitrites:

a. 5Naceticacid............................ 1000 c.c. -
Sulphanilicacid . ................. ..o 8 gm.

b. §Naceticacid............................ 1000 c.c.
Alpha-amidonaphthylene. . ................. 5gm.

Add 2 c.c. of each solution to the tube to be tested. A red or
rose color will indicate the presence of nitrite. A control in check
tubes of uninoculated broth should always be tested at the same
time.

In some cases denitrification goes still further and the nitrogen
is liberated in the free state.

Other reduction processes have been described. Among the
more important are the reduction of sulphates to sulphids, and of
chlorates to chlorites.

Indol Production.—Indol is one of the products of protein
decomposition formed by bacterial action. It is of importance
principally because it may be demonstrated readily and because
of the economic importance of some of the bacteria which produce
it. It is not formed in the presence of sugars. Dunham’s solu-
tion is inoculated with the organism to be tested and incubated
for several days. To the tube are added a few drops of concentrated
sulphuric acid and a cubic centimeter of a 0.1 per cent. solution
of sodium nitrite. The sulphuric acid decomposes the nitrite,
freeing nitrous acid, which unites with the indol to form a bright
red compound known as nitrosoindol. The appearance of this
characteristic red color is evidence, therefore, of indol production.
Indol is an organic compound of the empirical formula, CH,N,
and the structural formula

CH ‘\ ‘\CH

It is one of the products formed in intestinal putrefaction, and
is the principal product which gives rise, under these conditions,
to the characteristic * fecal ” odor.
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Thermal Death-point.—The accurate determination of the exact
temperature that is necessary to destroy various species of bacteria
is frequently of great economic importance. Efficient steriliza-
tion and pasteurization can be accomplished only when these facts
are known. Many methods have been suggested. In the labora-
tory the determination is frequently made by subjecting freshly
inoculated tubes of broth to different temperatures in a water-bath
for ten minutes each. For reliable results more accurate methods
are needed. One of the commonest and best is the use of the
Sternberg bulb. This is blown of thin glass. A definite amount of
culture is introduced and the neck sealed in the flame. The bulbs
are completely immersed in a water-bath and suspended by wires
or by some other method, so that they do not come in contact
with the walls of the bath, and heated. A number of bulbs are
prepared and one heated five minutes, another ten minutes, at 50°.
The temperature is raised two degrees and two more bulbs are ex-
posed. For sporeless bacteria the test should be made to 70°,
and still higher for those that produce spores. The bulbs are cooled
quickly after their exposure, and their contents mixed with agar in
a Petri dish, or added to a tube of other suitable medium. This
is then incubated for several days. The minimum temperature
required to destroy the bacteria can readily be determined by a
comparison of the tubes.

Efficiency of Disinfectants.—The efficiency of disinfectants
is determined by testing their action on pure cultures of bacteria.
Koch’s method, which has been commonly used, consists in drying
the organism on silk threads, immersing them for varying lengths
of time in the disinfectant to be tested, washing in sterile water,
and placing them upon the surface of agar.

Hill’s method is a modification of that of Koch, and is rather
more accurate and relatively simple. Sterilized glass rods are
coated at the tip with the bacteria to be tested by dipping them
into a broth culture to a depth of an inch. These are placed in
test-tubes and carefully dried in a thermostat. They may then be
immersed to a somewhat greater depth in the disinfectant to be
tested for definite periods of time, rinsed carefully in sterile water,
and placed in tubes containing broth.



CHAPTER IX

MICROSCOPIC EXAMINATION AND STAINING METHODS

OBJECTIVES having a higher power than those commonly used
in other work are required for the examination of bacteria. A
To-inch or 1.8-2 mm. oil-immersion objective is most commonly
used. This lens differs from the low-power dry lenses in that it
requires a layer of cedar oil between it and the object to be exam-
ined. This oil is used upon the lens for the following reasons. In
general, the higher the power of the objective, the smaller the
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Fig. 54.—Diagram showing the function of an oil-immersion objective (adapted
from Gage).

opening through which light may come to the eye. It is necessary,
therefore, that all the light possible shall enter the lens in order
that a well-illuminated field may result. The accompanying ex-
aggerated diagrammatic representation of the objective and the
stage of the microscope may be helpful in understanding the use
of the oil.
Let C represent the microscopic slide, H the drop of oil having
the same refractive index as glass, and L the tip of the objective
100
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with the opening F'F. The rays of light are focused upon the ob-
ject to be examined by the mirror or Abbé condenser. Those
rays of light, such as BN, that strike the glass perpendicularly
pass through and enter the lens without any deflection. A ray of
light, such as AB, striking the glass at a considerable angle, is
refracted upward and toward the normal or in the direction of BD.
Upon entering the air it would again be refracted and leave the
glass in a direction parallel to the original ray, or DE, and would
not enter the lens. If, on the other hand, a drop of oil having the
same refractive index as the glass intervenes, there will be
no refraction at D, but the ray will pass through to the opening
of the lens. This is represented by the ray A’'BD'F’. The use
of the oil, therefore, results in a more brilliantly illuminated field
and a clearer definition of the objects to be examined.

Measuring Bacteria.—Bacteria may be measured under the
microscope in one of several ways. A micrometer scale ruled on
glass may be inserted in the ocular, and the distance between the
lines determined by examination of a micrometer scale ruled upon
the slide or cover-glass examined under the microscope. When
the calibration has been effected, the ocular micrometer may be
used to measure the bacteria directly. The unit of microscopic
measure is the micron, the one-thousandth part of a millimeter.

Examination of Living Bacteria.—Hanging Drops.—The deter-
mination of the motility of bacteria can best be accomplished by
the examination of the living cells under the microscope. A hang-
ing-drop preparation is commonly used for the purpose. A loop-
ful of broth culture of the organism to be tested is placed upon the
center of a carefully cleansed and flamed cover-glass. Growth
from an agar or other culture may be used by substituting a
drop of physiological salt solution or sterile bouillon and introduc-
ing a minute quantity of the growth on a platinum needle. This
drop is then carefully inverted over the cavity in a hollow ground
glide, and sealed with a little vaselin. It may be examined with
a high-power dry lens or with the oil-immersion objective. The
drop may most easily be brought into focus at its margin. The
light must be carefully regulated by means of the mirror and the
iris diaphragm of the Abbé condenser to make the bacteria most
clearly visible.
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Quite as effective an observation may be made in many cases
by placing a drop of the culture upon a glass slide and dropping
a cover-glass upon it, using care to include a few air-bubbles.
A film of liquid sufficiently thick for the free movement of the bac-
teria will remain between the two glasses. The edges of the air-
bubbles furnish a convenient object upon which to focus.

STAINING METHODS

Bacteria as well as the pathogenic protozoa are generally so
transparent when examined in a living condition that the details
of their morphology can be made out only with difficulty. It is
customary to stain these organisms with various anilin dyes
which render them distinctly visible.

The stains used in biological work are, for the most part, known
as anilin dyes, because they are derivatives of anilin, CH;NH,.
They are grouped as acid or basic, depending on whether the acid
radical or the base possesses the tinctorial powers. Fuchsin,
for example, is a basic stain, while ammonium picrate is an acid
stain. The basic stains are the more useful in the study of bacteria;
the acid stains are sometimes used as counterstains, particularly
for tissues in which the organisms may be embedded. The
anilin dyes are of all the colors of the rainbow. The most com-
monly used are gentian-violet, methylene-blue, thionin blue,
fuchsin, and Bismarck-brown.

Mordants.—Anything which will cause a stain to penetrate an
organism better or which causes it to sef is termed a mordant.
For example, carbolic acid or anilin added to certain stains makes
them more intense. A solution of iodin in potassium iodid, a
mixture of tannic acid and iron sulphate, and many other solu-
tions are used under various conditions as mordants. .

Formulas of Some of the Commonly Used Stains.—There are a
few stains which find constant use in the laboratory. The formulas
of these will be given. There are, in addition, a great many others
which have special applications.

Liffler's methylene-blue:

Saturated alcoholic solution of methylene-blue. . . ...... 15 c.c.
Solution of potassium hydrate (1 :1000)............... 50 c.c.
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Aqueous solution of gentian-violet:
Saturated alcoholic solution of gentian-violet. . . ....... 2.5 c.c.
Distilled water............coooiiiiiiiiiiinnnn.. 47.5 c.c.
Anilin gentian-violet (Ehrlich’s):
Saturated alcoholic solution of gentian-violet.......... 6 c.c.
Absolute alcohol. .. . . ...... e 5 c.c.
Anilinwater.............. ... ... ..o i 50 c.c

Anilin water is prepared by adding 2 c.c. of anilin to 98 c.c. of
distilled water and shaking vigorously for several minutes. It
should then be filtered until clear.

Carbol or phenol fuchsin (Ziehl’s):

Saturated alcoholic solution of fuchsin................ 5 c.c.
Solution of phenol, 0.5 percent...................... 45 c.c.

Bismarck-brown: This is commonly used as a saturated aqueous

solution.

Gabbett’'s methylene-blue:
Methylene-blue,dry.................... ...l 2 gm.
Sulphuricacid................... i 25 c.c.
Distilled water. ...................ciiiiiii i, 75 c.c.

Preparation of a Stained Mount.—A drop of water about the
size of a pinhead is placed upon a clean cover-glass. With a
sterile platinum needle remove a small portion of the material to
be examined and mix thoroughly in the drop of water. When the
bacteria are in bouillon or other liquid media, the drop of water
is unnecessary. This is then spread in a thin film over the surface
of the glass and dried. The film is next fized by passing the
cover-glass, film up, through the flame of the Bunsen burner three
times. The stain is placed upon the glass and allowed to act for
a few seconds to ten minutes, depending upon the organism and
the stain used. This is then washed in water until no more stain
comes off. It is dried between filter-paper and placed film down
upon a drop of water on a slide and examined under the microscope.
If satisfactory, it may be floated off with water, dried, and placed
film down on a drop of Canada balsam on the slide.

In many laboratories the use of the cover-glass is largely
dispensed with, and certainly routine examinations of many kinds
can be more conveniently made by means of films prepared
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directly upon the glass microscopic slides. The procedure is
practically identical with that detailed above for cover-glass
preparations except that the immersion oil may be placed directly
upon the stained film and no cover-glass used. .

Spore Stain.—Bacterial spores stain with difficulty, but once
stained do not yield up the stain readily. Either one of the
following methods will be found to give good results:

Hansen Method.—1. Prepare a film, fix, and stain with steam-
ing hot carbol-fuchsin for five minutes.

2. Decolorize with 5 per cent. acetic acid until the film is a light
pink, and wash in water.

3. Stain three minutes with Loffler’s methylene-blue.

4. Examine.

Moller’s Method.—1. Prepare films and fix in chloroform for
two minutes.

2. Dry in air.

3. Cover with 5 per cent. solution of chromic acid for two
minutes.

4. Wash in water.

5. Stain with hot carbol-fuchsin five minutes.

6. Decolorize with 1 per cent. sulphuric acid twenty-five to
thirty seconds.

7. Wash and counterstain with methylene-blue ten to fifteen
seconds.

8. Examine. .

By either method the spores appear red and the cell body blue.

Stain for Acid-fast (Acid-proof) Organisms.—Certain bacteria
are stained with difficulty, but when once stained, they resist
decolorization with acids. The most important of these organisms
is Bactllus tuberculosts.

Acid Alcohol Method.—1. Prepare film, fix in flame, and stain
with hot carbol-fuchsin for two minutes.

2. Wash in 2 per cent. hydrochloric acid in 95 per cent. alcohol
until there is no color visible in the thinner portions of the film.

3. Wash in water and stain with methylene-blue for contrast.

4. Wash and examine.

Gabbett’s Method.—1. Prepare film and stain as above with car-
bol-fuchsin.
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2. Wash in water.

3. Stain with Gabbett’s methylene-blue for one-half to one
minute. ’

4. Wash and examine.

The acid-fast organisms will be red in a blue field.

Flagella Stain.—The flagella of bacteria are not visible in
ordinary stained mounts, and can be demonstrated only by a
special technic. Young, twelve- to eighteen-hour cultures of
bacteria should be used for their demonstration. A tube con-
taining a few cubic centimeters (5) is inoculated with sufficient
quantity of the growth carefully removed from the agar surface
to produce a slight turbidity. Incubate for an hour in the ther-
mostat. Drop two or three drops without mixing or spreading
on a clean cover-slip. Dry and then fix in the flame. Many
methods of staining flagella have been suggested; the two follow-
ing are probably the best:

Van Ermengem’s Method.—1. Place the film for one hour in the
following solution:

2. Wash in water, then absolute alcohol, then place in the
following solution for a few seconds only:

* Silver nitrate, 0.05 per cent. in distilled water.

3. Wash in the following solution for a few seconds:

Gallicacid. .. ............ it 5 gm
Tanmin. .. ... e e 3 gm
Fused potassium acetate. ........................... 10 gm
Distilled water. . ... 350 c.c.

4. Wash in silver nitrate solution until film turns black.
5. Wash in water and examine.

Loffler's Method.—1. Prepare film, fix, and apply the following
mordant, heating for five minutes over a water-bath:
Tannic acid (25 per cent. aqueous solution)........... 10 parts

Saturated solution ferrous sulphate. .................. 5 parts
Fuchsin (saturated alcobolic solution)................ 1 part
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2. Wash and blot with filter-paper.

3. Stain with hot anilin-gentian-violet or carbol-fuchsin over
a water-bath for five minutes.

4. Wash and examine.

Gram’s Staining Method.—This method was first used to
demonstrate bacteria in tissues, the bacteria retaining and the tis-
sues losing the stain. It was later found that not all bacteria
could be stained by this method, and it has in consequence come
into general use for separating bacteria into two groups, termed
respectively gram-positive and gram-negative, the former retain-
. ing the stain and the latter losing it.

1. Prepare film, dry, and fix.
2. Stain one and one-half minutes in anilin-gentian-violet.
3. Treat with Gram’s iodin solution one and one-half minutes.

Todin. . ...ttt it e e 1gm
Potassium iodid................. ... ..., 2 gm
R £ 7 P 300 c.c

4. Decolorize with 95 per cent. alcohol for five minutes.

5. Wash, dry, and mount.

Blood and Protozoan Stains.—Many special stains have been
devised for demonstrating the blood elements and protozoa in
the blood and in tissues. The chief of these are the Romanowsky
and Giemsa, each with numerous modifications. These may most
profitably be purchased ready for use from a reliable dealer.
The methods of use will be discussed in connection with specific
microdrganisms.




CHAPTER X

METHODS OF SECURING PURE CULTURES OF BACTERIA

BacreriA must be studied in pure culture if one is to deter-
mine with certainty their cultural, physiological, or pathogenic
characters. One of the first efforts made in the study of a disease
or any other process brought about by bacteria is to separate its
causal organism from all others. Many methods have been devised
for this purpose, not any one of them applicable to every case.

Dilution Method.—This method of securing pure cultures is
of historic interest only. In the beginnings of the cultivation of
microdrganisms the culture-media commonly used were liquids,
such as infusions from meat and vegetables, and beerwort. This
method was used most commonly in securing pure cultures of
yeasts. A long series of flasks was prepared with sterile media.
The impure culture or mixture of organisms was mixed thoroughly
with the contentsof the first flask, and a definite amount transferred
from this to another flask, from this to each of several others, from
each of these into another group, and so on. The last dilution
would, in general, remain sterile, but among some of the dilutions
would be a group in which some flasks would show growth and
others of the same dilution would not. The inference was that
such a flask had been planted with but a single organism, and the
flask contents, therefore, constituted a pure culture. This method
is cumbersome, uncertain, and is rarely used.

Isolation by Smearing.—If a loopful of a mixed culture of
microdrganisms be drawn across the surface of a solid medium in
parallel streaks, the first portion will generally show a solid line
of mixed growth, but farther along the growth is discontinuous.
Many of the isolated colonies here will be found upon examination
to consist of pure cultures. This method is used for the isolation
of bacteria from the mouth and throat in some cases.

Direct Isolation.—Barber has devised a capillary pipette method
whereby it is possible to pick up a single bacterial cell and transfer
it to a nutrient medium without any other organisms being carried
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over. This method has been found useful in the study of develop-
mental and evolutionary problems, but is not practicable for
routine laboratory isolations.

Isolation by Plating.—The development by Koch of the lique-
fiable media furnished a ready means for the isolation in pure

Fig. 55.—Isolation by successive streak cultures on an agar or gelatin
plate: A, First streak solidly grown; B, second streak, discontinuous; C,
third streak, having many isolated colonies.

culture of most species of bacteria. Nutrient agar or gelatin
or one of their modifications may be used. The medium is lique-
fied by heat, then cooled in a water-bath to about 43°. The
mixed culture of organisms from which it is desired to isolate
pure cultures is inoculated into one of the tubes. From this

i

Fig. 56.—Petri dish (McFarland).

transfers are made by means of a sterile platinum loop to a second
tube; this is thoroughly mixed and transfers made to a third tube,
and from this even to a fourth. Each of these tubes of media
is then poured into a sterile, flat, glass, covered dish called a Petri
dish. These Petri dishes or ‘‘ plates ”’ are allowed to stand until
the medium has solidified; they are then incubated and examined
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from time to time. The organisms are separated from each
other by this process of dilution, and are held fast by the solidifica~
tion of the medium. In most cases the conditions are favorable
for growth, and development begins. Within a few days sufficient
multiplication takes place, so that the mass of organisms that has
developed from the single isolated individuals has reached a size
that can be easily seen with the unaided eye. Such a mass of organ-
isms is termed a colony. Transfers from such colonies will show
only a single kind of organism present, and by making isolations
from each type of colony, pure cultures may be secured of each
species present.

Isolation by the Use of Heat.—When it is desired to isolate a
spore-producing organism from non-sporulating forms, the culture
may be heated to 80° for fifteen minutes. This will not destroy
the spores, but will eliminate all other cells. If one species of
spore-forming organism only is present, this results in a pure cul-
ture at once; if more than one species, plating becomes necessary.

Isolation by the Use of Differential Antiseptics or Disinfect-
ants.—Not all species of bacteria are affected alike by a given
antiseptic or disinfectant, and it is sometimes possible to add a
substance that will prevent the growth or kill one form without
interfering seriously with the growth of others. A small amount
of phenol added to bouillon will inhibit the growth of most bacteria,
with the exception of certain members of the intestinal group.
A still better example of such substance is antiformin, which,
when mixed with sputum or other materials containing tubercle
bacilli, destroys all other organisms than these, and enables one to
secure & pure culture at once. This will be discussed in greater
detail under the heading of Tuberculosis.

Isolation by Animal Inoculation.—Some sp