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ANTIBIOSIS

INTRODUCTION

In recent years, the subject of bacterial association

has received considerable attention. This increased interest

is due largely to the greater attention which is being given to

the finer metabolism of bacteria and the interactions which oc-

cur between the bacteria and their environment. Organisms are

rarely, if ever, found growing as pure species in their natural

habitat; mixed cultures of two or more species are the general

rule. Since associations of bacteria are of such frequent oc-

currence, greater emphasis should be placed on studies of these

relationships, in order to determine their effects on both the

microorganisms and the environment.

There may be simple mixtures with no demonstrable effect
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of one bacterium on another, but this is uncommon since one or

the other usually dominates the picture. Associations may ex-

ist between different species of bacteria and bacteria with oth-

er classes of organisms, such as algae, protozoa, molds, and

yeasts.

In many cases growth and multiplication are more vigor-

ous in friendly associations than with either species existing

alone. Such a phenomenon, where two or more organisms are liv-

ing together in friendly association and are receiving mutual

benefit, is referred to as symbiosis.

Certain soil bacteria belonging to the genus Rhizobium

are found in tumors, or nodules produced on the roots of plants

belonging chiefly to the family Leguminosae . These organisms

utilize free atmospheric nitrogen and build it up into organic

compounds. The plants are furnished available nitrogen by the

synthetic activities of the organism, while the bacteria derive

their other nutrients from the plant sap. The plant and bacte-

ria live together for mutual benefit and a perfect symbiotic re-

lationship exists.

Another favorable interrelationship, in which case only

one member of the partnership is benefited, is called commensal-

ism. The term "commensalism" may be defined as the living to-

gether of two species, one of which is benefited (nutritionally)

by the association, while the other is apparently neither bene-

fited nor harmed.
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Wakaman and Lomanitz (1925) showed that Bacillus cereus

developed very rapidly in a synthetic medium containing casein

as the only source of nitrogen* The casein was vigorously hy-

drolyzed with the production of amino acids and other split

products. The hydrolysis took place more rapidly in the ab-

sence of a fermentable carbohydrate. Pseudomonas fluorescens ,

on the other hand, was unable to attack and utilize the casein

either for structure or for energy. However, this organism u-

tilized amino acids with ease. cereus is a typical proteo-

lytic organism capable of degrading native proteins to com-

pounds having smaller molecular weights. ^ fluorescens is

nonproteolytic, but can utilize free amino acids as a source of

nitrogen for structure and carbon for energy. When both organ-

isms were inoculated into the above medium, the changes that

took place in the casein molecule were different from those

produced by each organism acting separately. B^ cereus first

attacked the casein with the liberation of amino acids and oth-

er compounds. fluorescens decomposed the amino acids as

they were formed. The result was that the culture soon showed

more cells of P_. fluorescens than of B^ cereus . P. fluorescens

was definitely benefited by the association, while B^ cereus

was probably neither benefited nor harmed.

Occasionally two bacteria growing together can form

products which can be produced by neither growing alone. The

term " synergism” is used to express such a relationship.
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Sears and Putnam (1923) were probably the first to con-

duct systematic studies of synergism* They reported that many

pairs of organisms were observed to produce gas from sugar me-

dia, a reaction which was not produced by either organism in

pure culture. They explained the phenomenon by stating that

one of the organisms of the pair was capable of forming acid,

while the other member produced the gas* The acid former de-

graded the carbohydrate and released a substance which was uti-

lized by the second organism resulting in the production of

gas* The substance attacked by the gas-forming member of the

pair was not an end product of the action of the acid producer,

but an intermediate product of metabolism.

Many organisms live or prey on the tissues of plants and

animals; such an association is called parasitism. The para-

site may, in rare cases, be nonpathogenic ; that is, it may

cause no damage to its host, as for example. Trypanosoma lewlsl,

which lives on rat tissue, and apparently excites no reaction

there.

Most parasites, however, do some damage to their host

and thus cause disease; this phenomenon is pathogenicity, and

the disease producing agent is called a pathogen. Parasitism

involves various degrees of pathogenicity, some microorganisms

causing so much damage that they soon kill their host. The tu-

bercle bacillus in man is an example of such a microorganism.



- '• er\-f
•

• t>
; I oti’t/S hnc 5

1

• ' ‘
'

‘

;

-dm. Tagt/e mo

• r
-

• • *
:

; U : .

'

.

, tod sftlttttQt lo ©Icteqao ©aw <tijaq ©drf 1o e

-XXlt bbw doJtdw ©oriatferfi/e a

*

c X ; Jeer **o douboiq

bn.n e&xa£q lo aei/eelct e/lJ no r«*iq 10 evil emeixtagi

:

• . . •

.

• .

.

. : '.t

elito •eeaeel.b lb >••

.

C 'I V 7. v. _

. &
. B nl



-10-

A parasitic relationship may exist between lower forms.

There are numerous fungi which spend essential parts of their

life cycle inside the bodies of other fungi, deriving their

food from them. Ampe lomyce

s

, parasitizing powdery mildew fungi,

are common on species of the mold Saprolegnia . Frequently, zoo-

spore formation of the host is suppressed and the parasite de-

velops its sporangia and otispores within hypertrophic galls of

the host (Weindling, 1938), This is an example of obligate par-

asitism, since the microorganism cannot develop outside the

host.

Between microorganisms, since the organisms do no live

on each other, the injurious relationship is not parasitism,

but "antibiosis" . The term "antagonism" or "antibiosis" is em-

ployed chiefly for the situation where there is a clearly de-

monstrable harmful effect of one microorganism on another, or

when a characteristic product fails to be formed or disappears

in the mixed culture. It is probable that some metabolic waste

product is produced which is without effect upon its producer

but poisonous to its antagonist. This is well illustrated by

the following example: meat. If left by itself, soon spoils,

but if dropped into buttermilk will keep for some time. The

lactic acid formed by the milk organisms is toxic to the putre-

fying bacteria, which normally decompose the meat.

Penicillin, a product of the blue-green mold, Penlcilllum

notatum , by inhibiting fission of bacteria, leads to abnormal
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growth of bacterial cells followed by autolysis, and has found

an extensive chemotherapeutic application in human disease

(Fleming, 1929),

Associations of these various types determine to a great

extent the conditions under which microorganisms can exist in

nature. Antibiosis, in particular, plays a part in human af-

fairs by causing the destruction of pathogenic bacteria in soil,

water, and sewage, and thus cuts off these routes of transfer

of infectious disease. In recent years, the isolation of spe-

cific antagonistic substances from microorganisms has made pos-

sible the inhibition or destruction of pathogens within the hu-

man body. Because of the special practical significance of

this type of association, this paper will concern itself with

the antagonistic relationships between microorganisms.
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HISTORICAL

It was as early as 1877 that Pasteur noted that the de-

velopment of anthrax in sensitive animals can be repressed if

the inoculation of Bacillus anthracis is accompanied by other

bacteria, such as species of Streptococcus. Pasteur may be

looked upon as the first to advance the idea of bacteriothera-

py. It was soon established that when staphlylococci or an-

thrax, typhoid or diphtheria bacilli are added to the soil,

they are rapidly antagonized by the soil microbes.

Some common saprophytes as Bacterium fluorescens and

Bacterium pyocyaneum were found by Garre in 1887, Bouchard in

1889, and Freudenreich in 1888 to produce substances antagonis-

tic to the colon-typhoid group of bacteria as well as to many

others.

In 1904, Prescott and Baker observed that in a mixture

of Escherichia coli and Streptococcus faecalis the former organ-

ism increased at a more rapid rate than the latter during the

first few hours; then the £5. faecalis gradually gained the as-

cendency and finally outgrew the Eh coll present. In 1917,

Savage and Wood worked with the same pair of organisms and made

a similar observation.

In 1915, Twort noticed certain transparent areas in a
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culture of staphylococcus which were free from bacterial growth.

He found that if he touched one of these areas with an inoculat-

ing loop and then streaked it over the surface of an agar cul-

ture of the same species of staphylococcus, clear transparent

areas developed along the line of streaking. No contaminating

organism was visible under the microscope. Twort also found

that if the material from transparent areas was filtered through

a Berkefeld filter, the filtrate contained a substance #uch was

capable of dissolving a broth culture of the organisms; it was,

therefore, a "filtrable virus". This lytic action was shown to

be transmis sable in series. D THerelle, in 1916, independently

of Twort, observed the same phenomenon and named the lytic prin-

ciple bacteriophage. The term "bacteriophage", sometimes re-

ferred to simply as "phage", means literally "bacteria-eating

agent"

.

Modem research has shown the close similarity of the

bacteriophages to the recognized filtrable viruses. Like the

viruses, the bacteriophages appear to be extremely minute, fil-

trable bodies, invisible by ordinary methods of microscopic ex-

amination, not cultivable on lifeless media, and increasing on-

ly in the presence of the particular living, growing bacterial

cells which are susceptible to their action.

A number of bacteriophages, especially those active for

the intestinal bacteria, have been obtained from feces, sewage,

ground-up houseflies, etc. Extracts of chicken feces and horse
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manure have yielded phages specific for dysentery and typhoid

organisms (D'Herelle, 1926).

A most interesting example of the inhibitory effect of

bacteria in association was reported in 1920 by Theobald Smith

and D. E. Smith. They found that Bacillus paratyphosus B, aft-

er it had grown in lactose bouillon for four to six days, pre-

vented the development of gas by Bacillus coli when this was

added. Members of the closely related hog cholera group had no

such action in the given time; but after eighteen days growth,

they also inhibited the gas production for the B^ coli added at

this time.

Greer and Nyhan, in 1928, prepared several pairs of or-

ganisms likely to be encountered in water supplies and observed

the number of cells of each species at 24-hour intervals. Their

results showed that one member of a pair almost invariably out-

grew or destroyed the other member* In most cases the final

result depended upon the proportions of each organism present

at the beginning of the experiment. If one organism is present

in greater numbers than the second organism, the former will

tend to gain the ascendency; if the second organism is present

in greater numbers than the first organism, the reverse will be

true.

Pseudomonas aeruginosa was found to be antagonistic to

the growth of faecalis . When the two organisms were mixed
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P . aeruginosa always outgrew faecalls . This occurred regard-

less of which organism predominated at the beginning.

In 1929, Fleming, while examing some culture plates

which had been contaminated with air-borne organisms, noticed

that staphylococcus colonies surrounding a large colony of con-

taminating mold had become transparent and were undergoing ly-

sis. Fleming experimented and showed that the mold could be

grown in broth, and that the filtered broth culture contained a

potent antibacterial substance effective against a variety of

Gram-positive organisms. This broth filtrate, to which Fleming

gave the name penicillin, was nontoxic to animals, even in very

large doses. However, clinical interest in penicillin did not

appear until 1940.

In 1939, Dubos isolated a spore-bearing bacillus from

the soil which was capable of dissolving living Gram-positive

cocci. Autolyzed cultures of the organism were capable of dis-

solving living staphylococci, pneumococci, and various strepto-

cocci. He named the lytic factor gramicidin.

The addition of gramicidin to nutrient broth prevented

the growth of Gram-positive cocci, but was unable to retard the

multiplication of any of the Gram-negative bacilli. Strepto-

cocci, incubated at 37° & with gramicidin, lost the ability to

reduce methylene blue, thus indicating an inactivation of the

dehydrogenating enzyme of the organism. This occurred before
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any morphological alteration of the cocci had taken place.

Dubos believed that lysis was only a secondary process following

some injury to the cell.

In 1940, Hoogerheide and McDonald isolated a substance

from soil bacilli that inhibited encapsulation of PriedlMnder f s

bacillus (Klebsiella pneumoniae ) and was also highly bactericid-

al for Gram-positive microorganisms. The elaboration of a lyt-

ic principle was by no means restricted to one organism but was

found in a number of species. The most common spore formers,

such as Bacillus subtilis . Bacillus megatherium . Bacillus mes-

entericus , and B^_ cereus , excrete similar bactericidal products

during growth in nutrient broth. A crystalline fraction ob-

tained from the crude lytic material was found to be highly

germicidal for many Gram-positive organisms when used in concen-

trations from 0.00001 to 0.02 mg per cubic centimeter of medium.

Waksman and Woodruff, in 1941, isolated an Actinomyces

from soil which possessed strong bacteriostatic and bactericid-

al properties. The organism was found to belong to the chromo-

genic type of actinomycete , which produce a dark brown to black

pigment on peptone or protein media. They named the organism

Actinomyces antibioticus .

An active substance was extracted from cultures of the

organism. The substance was separated into two crystalline

fractions which they designated actinomycin A and actinomycin B.
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The former fraction was found to be strongly bacteriostatic,

whereas the latter was highly bactericidal* Actinomycin A was

found to be bacteriostatic against all bacteria tested, although

Gram-positive species were more sensitive to the compound than

Gram-negative forms. Later in 1942, Waksman and Woodruff re-

ported that actinomycin is a powerful bacteriostatic agent a-

gainst Staphylococcus aureus , Clostridium perfringens (welchii).

Streptococcus pyogene

s

, and Diplococcus pneumoniae Type 1* Over

a 5-day period with or without the presence of ten percent se-

rum, this bacteriostatic action slowly became bactericidal.

The extract appeared to be more effective against pneumococci

and streptococci than against staphylococci.

Many new antibiotic agents are being discovered. Dubos

and Hotchkiss (1942) reported the antibiotic nature of tyro-

thricin, another substance obtained from autolysed cultures of

the soil organism Bacillus brevis . It is composed of two sub-

stances, gramicidin, which is primarily bacteriostatic for some

Gram-positive bacteria, and tyrocidine, which is bactericidal

for some Gram-positive and a few Gram-negative bacteria. In

the same year Waksman and Woodruff reported a new selective bac-

teriostatic and bactericidal agent, streptothricin, a substance

produced from growing cultures of Actinomyces lavendulae . This

is particularly effective against Gram-negative bacteria.

Streptomycin, a compound obtained from the growth of Actinomy-

ces griseus , is effective against both Gram-positive and Gram-
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negative organisms# It is probable that nature harbors many

more unknown antibiotics#
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ORGANISMS HAVING ANTIBIOTIC PROPERTIES

The organisms known at the present time capable of pro-

ducing antibiotic substances may be classified into several

broad groups: (1) molds, particularly the members of the genera

Penicillium and Aspergillus, (2) various yeasts, (3) actinomy-

cetes, especially those with aerial hyphae of the genus Strep-

tomyces, (4) bacteria, both the spore-forming including Bacillus

brevis . Bacillus mesenterlcus and Bacillus mycoides, and the

non- spore -forming among which the pyocyaneus and fluorescens

groups and members of the colon- typhoid group are most impor-

tant, (5) viruses, and (6) lichens. The antagonistic capacity

is widely distributed among microorganisms and is not limited

to any one group of bacteria or fungi. Useful antibiotic agents

have been obtained from representative types of molds, actinomy-^

cetes, spore-forming and non- spore -forming bacteria.

There is some evidence that there are antibiotics in

higher plants. B. Tokin (1944) and his associates noted that a

paste prepared from a small amount of macerated onion, garlic,

or other allied plant immediately emits votatile substances

which are lethal to yeast cultures of the Chabll or Nadsonia

genera when placed at a distance of several centimeters for 1-5

minutes. Phytoncides was the name Tokin applied to these vola-
































































































































































































































































