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THE BACTERIOPHAGE

INTRODUCTION

D'Horelle (1926) applied the term bactesriophagy to the
phenomenon (commonly called the Twort«D'Herelle phenomenon)
which consists essentially in a "dissolution®™ of bacteria through
the operation of a principle he named "bacteriophage®™. Aecording
t0 him transmissible lysis is the result of an acute infectious
dieease of bacteria in which the etiological factor is an "autonomous
ultraemicroscopical corpuscle--"Bacteriophagum intestinale®.
It is quite generally accepted, however, that the phenomenon
was first observed and descrided by Twort in 1915, although some
believe it was first observed by Hankin who, in the latter part
of the last century, found that the watcr of the Jumna river,
below the town of Agra, India, was bactericidal for various microe
organiems, and particularly the cholera vibrio. To the agent
responsible for bacteriophugy D'Herelle gave the name "bacterio=-
Phage® (to eat bacteria). Recently upon D'Herelle's request,
because of a dispute of long standing bBetween himself and Twort
as to the relationship: of the transmissible autolysis of Twort
and the bacteriophagy, a committee was chosen to investigate
the question and settle the dispute. Flu and Renmaux (1932)
were chosen to meet the qualifications demanded by D'Herelle
and, after a thorough study had been made, it was decided that

the phenomenon of transmiesible autolysis of Twort and bacteriophagy
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are identical phenomenon.

Twort (1915), while experimenting with calf vaceinia,
conceived the idea that, since there are ultrae-microscopical
viruses that are pathogemic there must be some that are none
pPathogenic; and he began searching materials from the soil, dung,
grass, hay, and water fro. ponds for such & virus. Growth of
the fllter-pussing viruses was not obtained on the artificial
media nor by animal inoculations; but one day while he was
working with glycerinated calf vaccina which had been incculated
on agar tubes, he observed mlorococcic growths in which watery
looking areas appeared. In some of the cultures of micrococct
that grew, it was found that not all of the colonies could be
sub-cultured, but if kept, they became “glassy™ and transparent.
On examination of these glassy areas nothing but minute granules
could be seen. In a review of his previous study Twort (1930)
stated that "under suitable conditions the 'glassy' or clear
spots increased in ciso.f This change in arpearance, according
to him, begins at the edge of the colony, and sometimes gradually
spreads. It is evident from a review of the literature that these
areas are now generally recognised as plaquds or places where
lysis of the bacteria has occurred. Action seemed to be more
rapid and complete with vigorously growing young cultures than
with o0ld ones and very little action could be observed on dead

cultures even though young heat killed cultures were used. The
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observed transparent material was passed through the finest porcelain
filters and one drop of the filtrate, pipetted over an agar slant,
was sufficient to meke the media unsuitable for the growth of
the micrococci. In some cases growth was stopped and the culture
turned transparent direstly. This condition or disease of the
micrococci, when transmitted to pure cultures of the micrococcus,
was conveyed to frecsh cultures for an indefinite number of generations,
but the transparent material did not grow by itself on any media
trieds Heating the substance to 60°C. for one hour seemed to
kill it. 8ome action could be noted on Staphylococcus aureus
and albus isolated from boils of man but it had no action on the
coll group, streptococei, tubercle bacilli or yeasts. When Twort
plated out what he thought was a pure culture of the microscoccus
it seemoed free of the disease for months but eventually the transparent
material would reappear and it could be obtained ence again from
subcultures. These results made it appear probable that the
material was prodused by the micrococei although it might have
beeon due to contamination. Twort also obtained similar results
from organisms of the intestinal trast. The following three explanations
wore given by him as to the nature of the transparent material
(1) *It may be living bacteria that will grow only on living
material; or it may be a tiny amoeba; (2) it may be living protoplasm
that forme no definite individuals or an enzyme with power of
growth; (3) if it is a part of the microscoccus it must be either

a stage in ite l1ife history which will not grow om ordinary media
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but stimulates fresh cultures of the micrococeus te pass into
the same stage, or an enzyme secreted by the misrococous whish
leads to its own destruction end the formation of more enzyme."
He also suggests that it may be an acute infectious disease of
the bacteria. It is rather interesting to note that each of
Twort's explanutions has some adherents among the present day
vorkers. Prominent among these are: D'Herelle, who believes
the lytic principle is a living parasite of bacteria. Hadley,
who believes it is a stage in the life cycle of the organism,
and Bordet and Bronfenbrenner who think it is a product of the
bacterial sell.

It is interesting to note in the following main points
of Twort's findings that they are, in general, believed to be
truo;

1. The trensparent (lytic) meterial can be separated from
the organism from which it is derived by filtration.

2. 1t can be transmitted indefinitely from ore culture
to another.

3. It is most active againet young growing cultures.

4. There is no action on dead bacteria.

5. To be tramsmitted in series it must be in the presence

of the living organisms.
6. 1t is active in dilutions of one to one million.
7. 1t resiets heat to 60%. for thirty minutes.

8., Action is not hustened by anaerobiosis.

9. It inoreases im quentity when acting on young growing
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cultures of susceptible bacteria.

10. It is not very active on old cultures.

1l. 1t acts to lesser degree om closely related organisms.

12. It does not act on unrelated organiems.

D'Herelle (1917) reopened experimentation on this subject
when he isolated a b'phage active against the Shiga bacillus from
a case of dysentery in an adult. Attempts to isolate the agent
at various stages of the disease were not successful, except during
oonvalescence. 8ince the phage seemed to appear only as the disease
subsided, D'Herelile (1926) concluded that recovery somewhat depsnded
upon the stage in the course of the disease and the amount of

increase of the virulence of the active material.

EXISTENCE IN NATURE

It is the belief of many workers that bacteriophage may
be encoumntered any where there are bacteria actively reproducing.
Hadley (1927) states, "The phenomenon of transmissible bacterial
autolysis is widespread in the bacteriel world.®™ It is probably
found more often among the intestinal and pyogenis groups of
organisms although it has been isolated from a wide variety of
becteria. Lerkum (1929) in speaking of the value of bacteriophage
vaccines saye that in general no phuge has been discovered for
the infectious agents of diseuses for which we have no prevention.
This, he thinks, is unfortunute because of ite possibilities for
therapeutic purposes. Kuttner (1923) roports finding the 1lytie

material in the normal tissues of the guinea pig and rabbit.
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According to D'Herelle (1926) the normal habitat of the bacteriophage
is the intestinal tract of animals and it may be found where
contamingtion from the intestinal excreta occurs. It seems to
be true that sewage and surface water are likely to contain some
kind of a lytic substance for certain bacteria that are commenly
found in sush places. This may be due to the ability of the bacteria
to reproduce in such materiale. He aleso saye that there is just
one species of bacterlophage and that the different “"races™ er
strains ure differont from one another because of adaptation,
just as & "horse streptocococun" may become & "rabbit streptococsus®,
or a "guinea pig steeptococous®™ by passage through a series of
animals. D'Herelle possibly wae working with a polyvalent phage
where the “adaptation®™ was a result of an increese of the bacterio=
phage, for the susceptible bacterium, caused by regeneration at
the expense of the perticular bacterium studied with subsequent
loss of the phages that were active against other bacteria. Thero
is also evidence to make one believe that an adaptation takes

pPlace, or possibly merely the regeneration of new material that

is more potent. Schwartszman (1927) reports the development of

a powerful bacteriophuge againat hemolytic streptococcl of erysipelas

origin by adaptation, using a B. Coli phage, a Staphylococous

Phage, and a rabbit hemolytic streptococcus phege to begin with.

Bronfenbrenner (1933) states that polyvalence is usually due to
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the presence of several independent phages; but he cites evidence
to show that pure single phuges may exhibit activity against
several more or less closely related speaies of bacteria. He
gives no evidence to support the assumption that adaptation has
taken place. Hitochmer (1930) isolated a rase of bacteriophage
from the root nodules of red clover in which he found the agent
to be specific for its own homologous etrain of organisms, but

no lysis was produced on a stock culture frem the nodules of red
clover, or on strains isolated from peas, beans, alfalfa and vetoh.
Hadley (1931) thinks he converted a B. paratyphosus A organism

from the "8" to the "R" type and then caused the "R™ type to develop
the bacteriophage spontaneously. 8tark and 8tark (1932) found

an anti-asrogenes phage on lettuce, carrots, corn silks and other

plant tissues. The author lsolated a bacteriophage for A. cloacae
from river water, one for B. coll from the intestine of a cat,

and one for an Ashromobaoter corganism from sewage. It would
seenm superfluous to mention any more instances where the lytie

pPrinciple has been found, for the literature contains numerous

reports of this nature.

NATURE OF THE LYTIC AGENT

The nature of the basteriophags as explained by the original

discoverer was presented above. D'Herelle (1926) believes the



basteriophage, from a physical point of view, to be a colleidal
micella which is a living parasite of bacteria. It multiplies,
he thinks, at the expense of the bacterium, heterologous with

respest to itself, and transfers this heterologous substance

inte a homologous substance, a substance distinstly itse own;

therefore, it (phege) is endowed with the power of assimilationm
which he considers one of the most important criteria of 1ife.
He aesumes the corpuscular naturs of the active agent of transmissible

autolysis on the basis that minute granules were observed by him
in the filtrates of bacterial cultures, subjected to the action
of phage, upon examination with an ultraemicroscope. The identi=
fication of these particles with the active agent is supported

by the observation that on long standing or by intensive centrifu=

gation of the active filtrates, the particles tend te settle to

the bottom of the container; and, at the same time, the active

principle collects in the lower portion of the container. He
found that serial dilution gives ne gradual diminution of acstivity
of phage, as exhibited by antiseptics; but the resulting dilutiom
oither completely lysed the bacteria inoculated into the tube or

there was no lytic effeot as dilution was curried beyond the point

10

at wvhich & certain amount (1 x 10 c.¢.) of the agent is present.

According to Topley and Wileom (1929) this letter view is now
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widely accepted and the dilution method is also considered the
best means of isolating pure rases of bacteriophage. The aubhor
found that the limiting dilution depends upon the concentratien
and virulense of the material used. Bronfenbrenner (1929) raises
the question as to the natures of the small amounts of the astive
agent. Ho believes it is possible that the lytic principle ie
present in the media in & state of true solution, or as & highly
dispersed colleoid, and that it ie merely adeorbed on bacterial
debris and other particles which determine ite distribution in
the medium. It is possible also, according to Bronfenbrennmer,
that the particles in the filtrate represent the cerpuscle of

autonomous organised parasites, and can be identified with the

granules, observed by D'Herelle, within the infeeted bacteria
under an ultrae-microscope; but "hater investigations have indicated
that these particles do not represent autonomous units of the
astive agent, but merely serve as & vehicle on which the petive
prinsiple is adsorbed, and from which, under proper experimestal

conditions, it ocan be detached.™ To do this Bronfenbrenner deposited

the particles carrying the phage on an ultra=filter through which
they could not pass and washed them repeatedly with water and buffer
solution but the particles did not give up the lytio substance.
Yhen these same particles however were washed with broth the phage

reappeared in the filtrate. Hetler and Bronfenbrennmer (1931) were
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able to dislodge the bacteriophage from some of the larger particles
and cause them to be redistributed to smaller particles. Diffusion

séells made of thin porous powered glass discs fused together into

glass vessels and stendardized by Hydrochloric acid diffusien,
were used in this work. They found that the particles on whioh
the active agent is carried varied in size, ranging from «6/(/(to
114 in radius. Bronfenbrenner (1929) questiomed the above theory
and attempted to detarmine the living nature of the phage by
experimentation on the carbonedioxide production of the lytie
principle. He used a micro=revpirometer which would measure 00§
‘8+0e of 002 bui none of the gas could be detected in 1012 acstive
units of the bacteriophege during a period of ninety=six hours.
If the phage did respire, except in quantities too small to be
detected, it was calculated that its rate of respiration would
have to be at least ten thousand times slower tham that of an
equal number (1012) of bacterial spores not to be detected in
ninety=six hours. He further says it is generally observed that
the smaller the living organism, and consequently the greater

its surface per gram mase, the higher is its rate of respiration.
Therefore, he concludes, from these experiments that the phage
did not respire. Bronfembrenner further states that whea the
"Bacteriophagum intestinale®™ is in the process of active "multi-

plication®™ as is assumed to be the cuse im the presence of

susceptible bacteria, the rate of respiration of the whole oculture
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(when corrested for the higher rate of multiplication of basteria
in the presence of bacteriophage) was found to be the same as

that of a contrel culture without the phage. He and others writers,
in studying the independent metabelism of the bacteriophage, as

as expressaod in terms of ite reducing power, found that the rate

of reduction by the culture of susceptible bacterias, grown in

the presence of phage, is entirely independent of the consentration
of the active agent; but the rate rises and falls with tre number
of intact baotsria present during the various phases of the process.
It will be seen later this author who hee done so muoch work on

‘the subject in this country believes the phenomenon to be an auto-
lytic progess in which the motive substance is a product of bacterial
metabolism.

Bordet and Cluca explained bacteriophagy on an autolytie
basis in 1920. Briefly Boirdet's view is expressed in the following
quotation; “"Bacteriophagy represents the pathelogisal exaggeration
of a prosess which is physiological to bacteria, and is the result
of @ vitfation wvhieh has occcurred in the accomrlishment of a
normal process". Lisbonne ard Carrere in 1922 showed that different

strains of B. Coli may bring about lysis of dysentery bacilli

when cultivated with them in bouillon; moreover, the filtrate

of sueh a oculture caused lysis of dysentery bacilli. The process
could be transmitted in series acsording to Bordet (1931) whe

slaims to have accomplished similar results with an organism of
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the same spesies. He found that in repsated isolations one does
not succeed in depriving a lysegenie oelon dasillus of its appitude
for starting 1lysie of the dysentery bacillus.

Radley (1927) regards the bacteriophage merely as a stage
in the life eysle of an organiem undergoing dissociation in whiech
he descridbes three types or charasteristiss of the organism in
the procees of change == & "mutationelike phenomenon®. The first
of these types he oalls the normal or 8 (smooth), the sscond the
intermediate, O (transitional), and the third the abnormal, R
(rough). Through the functioning of the O type which is a highly
unstadle and sensitive phase in the life of the oculture, the R
typo is prodused and frequently the traneitional stage ¢annot bde
observed, according to him. ¥The lytis areas, O colenfss, then
(ropresontlng the phage) aras, ia reality, "vanishing® .ocon&ary
golonies arising and quickly disappearing in the mother culture,
thereby becoming & filtarable stage in the syclogeny of the same
basterial spesies, or parhape a olosely related speeies. 7The
filterable substance then acts as a stimulue, when added to new
oultures, to the suseeptidle bacterial cells whiech produce more
of the lytis agent.

Rivers (1929) suggested the possibility of the bacteriophage
being & latent virus. PFowl tumors and carcinomas, he says, are
transmiseidle in series. Schults and others (1929) censlude,
aftar having made a series of studies on the antigenie properties

of other ultraeviruses, including herpes, vacsinia, variola,
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rabies, and foot-andemouth disease, that the baoteriophage possesses
all the essential attributes of an ultrasvirue.

In referring to the lytis agent us a produst of bacterial
metabolism, Bronfembrenner suggests the fact, that accumulation
of the active agent in the medium is independent of lysis, but
is intiuately connscted with the active growth of the bacteria,
strengthens the view exprassed earlier that the phage may be
some ﬁroduot of bacterial metabolieme He also says "although
fasts conoerning the phenomenon of bacteriophagy leave an tnproo-lonl
that the aotive agent of transmiseible lysis is a baoterial preduct,
the reports of successful productien of phage from basteria directly
without the intermediary of any biologlical material have thus
t;r‘uot been sonvinsing.® Xoeer (1927) oconsludes after experimenting
with a bacteriophuge active against & thermophilic organism at
51. to 58%. that the lytie prtnelpl; is not a dlstinct species
ef living organisme; but that a close relation between the
principle and orgamism itself is suggeosted. Many other workers
t00 numerous to mention in a paper of this kind have come te
conslusions eimilar to the oree just mentioned relative to the
possibility of the dacteriophege being a& produet of baoterial
metabelism.

Some workers suggest the possibility that the active
substance in transmissible lysis may he an ensyme or a toxin.
Kuttner (1923) gives the following reasens for believing phage

,

te be an ensymesy (1) Extremely emall amounts will diesolve
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a large mumber of basterime (2) The lytis prinoiple was still
sstive after remaining in a soaled tube for four years. (3) It
resiste heating te 70%°G. for one hour. She eoncludes, however,

that it ie not an onsyme because it acts on living rather thaa
dead cells; and that the phage represents a sesretion of bacteria
of the mature of an autolysin which acts as a satalyst on the
actively growing basteria, destroying the equilidrium detween
sonstrustive forcos and destructive forces in favor of the latter.
Potonsy in itself moans little decause, as Rivers (1929) says,

very small amounts of filterable viruses are sometimes sufficient

\

i; kill a radbit in every case. The same is true of radies «e

it is always fatal if infeotion occurs. Downs (1931), working

in this ladoratery with B. tularense found that one one-millionth
of & 0.0 of bDlood from an infested guinea pig is sufficient te
kill a normal pig. Resistanse to heat or viability after etanding
long poriode of time ean not be taken as criteria besause the
bacteriophuge ooméarea favorably with some of the uliraeviruses
and some bactoria in these respects. Wsiss and Arnold (1924)

Wwho have done considerable work on the antigenic provertios of
the bacteriephage found that phage reacts antigenically like a
forment. Muekenifues (1928) and Sehults (1929) found that the
phago antiserum neutralisation of phage is slosely analogous te
that of the neutralization of a texin dy an antitoxin. They do

not conolude, however, that the bacteriophesge must nesessarily

be a toxin or ferment. Northrop and Krueger (1930) in & report
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en the kinetics of the dacteriumebasteriophage reactien remerk

that the lytie agent does not reczot like a living orgamiem.

HOW TO OBTAIN THE BACTERIOPHAGR
AND SOME OF 1T8 PROPERTIES

A very sizmple mothod of edtalning the lytic agent is given
by Arneld (1925). Briefly, it consiete of filtering the water,
sovage, or other material in whioh he expected to find the phage
nnﬁ. if weak in lytic activity, an equal amount of the filtrate
was added to deudle stremgth broth and the mixture was subseguently
%aooulutod with the baoteria. After twentyefour hours fnsudatiem
{;; 37%3. the oulture vas filtered and the process repeated. If
there are very small amcunts of the phage present, or if it is
ef low virulense, it may be necessary to repeat the procedure
several times defore anmy lytic astion cen be observesd. The suthor
used similar methods in lsolating reaces ef the lytic prinsiple
mentioned previously, excert that sub=cultures from the mixtures
vere wade, every throe or four hours, inte plain broth tubes and
ento 1% plain agar plates. This was done se thet a small amount
of lysie might de detected in case there might not bs enough
material present to lyse the whole culture, as is oftem the ease.

A® a genersl rule, bacterlephagy vill take plase te the
groatest extent in media and under conditions whieh provide
optimun growing conditions for the baoteria that ars to underge
dissolution. It is generully cemveded that young ectively

repredusing basterias that are susceptidblie to the partisuiar
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Phage in question are a requisite for lysis to ocour; bdut Marthrop
and KErueger (1930) found that lyeis without grovth will take place
with young susceptible baeteria when the ratio of phags te bacteria
(P/l) oquale-125 or more (or when leg P/l ® 2.1 or more). Pindings
in this investigation indicate that media with & reaction of pH 7.6
to 7.8 gave the best resulis with the phages, except a diphtheria
race of phage which seemed to be more astive at about pH 7.2«=7.4,
Howsver, lysis was obtained over a fairly wide range of hydrogen
ion consentration. Suéaro or substenses which may ponﬁit a lowerisg
o{ktho PH to any great extent should be avoided, if possidle,
filonbortng of course, the above statement on the matter. A
sugar nedium could not be used at the begimning of this study,
bu¢, after the virulense of the phages had increased, s small
amount of sugar was used apparently with better results.

The lytic effect can be noted on eolid media, providing
the peroontags of sgar used in not toe high. Bronfenbrenner
has demonstrated that lysis will not ecour on anything above
44 sgar. The amount of available water seems to play a gread

part in dactsriephagy. D*'Herelle (1926) sugzgests .8 to 11

agar as being eptimume The activity of phage on plain agar is

manifested by the formation of small, clear, transparent arsas

from 5 m.m. to 8 m.me {n size, if very high dilutions are used.
Otherwise, it may appeur as clear irregularly shaped areas. The

single circular areas huve been given thé nano, ®plaque® by D'Herelle
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whe thinke they represont colonies of bacteriophage eorpuecles,
dorived from individuml corpuscles. Partial anasrobiocsis does
net (Bshwartsman 1925) favor regeneration o the phage by modifying
the rate of dasterial growth, but it has some direst relution to
the regenersation of the principle. In this serse it enhances the
phage, provided the restriction be produced within the first three
hours of growth of the Ddacteria.

The temperature rangs at which the agent will regomerate,

as reporited by various workers, ie 8%. o ?6.0.. depending upon

‘t. ragse and virulense of the bactoriophage, also the kind of

msdia used. It is evident that a thermophilic orgamism would

be involved if phagis action occurs at 76’0o A temparature of
70%6. for ene hour usually destroys the phages of the ordinary
(mesopnilie) vacteria. Rivers (1927) studying the effect of
repeatsd freesing («285°C.) and thawing onm eelon basilit,

virus Ili.'vacctnta virus, herpes virus, bacteriocphage, complement,
and trypein found no great differsnee in the resistence of the
various substances. HKanavutty (1930[ found heet susceptibility
of the bacteriophage to de dependent in large moasure on the
sudestrate in which 1t is suspended, psrhars owing to an alteratien
in its phywloal state, and also upon the dilution of the material
when heated. For example, B. Coli phege diluted 110,000 and
heated {0 65'0. became inactive in 3 wminutes. Undiluted nhage

(ethervise sane conditions &as diluted) withztood 65%6. for 30

minutes witheut anmy reduction in astivity. The lytic aotivity
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was desiroyed quicker ia KHPO, buffer solution than im beuillonm.
The author (1930) found an antiscoli phage was destroyed at 659%.
in 30 minutes when hoated in & protein«free, K2HP34 buffer medium.

Resistance of the bacteriophuge to chemicals is intermediate
botween the vegetative and spore ferms of Bacillue subtilie
agsording to D'Herelle (1925); and the young corpuscles are more
resistant than the old ones. A detelled discussfon on this subject
will be given in part II.

As regarde the therzpeutic properties of the bacteriophage,
Bronfenbremner (1929) states that a roview of the olinical reports
ua‘oubtoiiy supportes D'Herelle's conslusion that in dysentery
and Staphylecocsus infections the rosults seem very encouraging.
Larkum (1929) vellieves there is as much justification for the
use of phage for therapeutic purposes es ever exiated for the
use of scarlet fever toxin or antitoxims. Me has bdoen ueing it
to some extant for vassination purposes as well as for direct
application in Staphylococeus infections. In one case where Larkum
(1929) used a typheid bacteriophage as a substitute for typhoid
vaooine, he found the dactericidal pover of the blood and the
opsonic index of those inosulated with phage were higher than
thoce where the ordinury becterin was useds 8ix months later
the antibody titer, produced dy ene inoculation of the bacteriece
phage was higher than where three vascine inosulations had been
made. Reactions subsequent to injesction of phage were not nearly

90 marked as when bacterins were administered. WValker (1930)



9.
sompared the toxicity and gsrmicidal properties of phage with .
merourie ohloride, pherol, formelin, lodine and ohloramine. The
results of this comperison show that Staphyloceecus bacteriophage
had a much wider range of dilution (full strength to 1e512) over

whish the resulting lesions were pertially supressed without

neorosis of the tissues. Patterson and Albees (1930) get gratifying
results through tha introduction of an antistaph phage inte the
wound of an osteomyelitis case in which staphylocoscus aureus,

along with B. Coli, pyocyaneous, and diphtheroid organiams were
foanp. Britieh workors (1931) expressed the belisf that when

tbr;; types or races of anticholera phage are mixed togothoar they
will ocure any case of sholera thet receives early treatment. One
Phage developed at the expenss of six siraine of dysentery organisme
and another developad at the expense of five strains of aholera
erganisms wore mixed and used en doth cholera and dysentery canes
with good results. They found the mixture kept botto; than if

the dysontery phage were kept separats frem the cholera. In the
oral treatment of fifty-nine casee of cholera, seven deaths resulted,
while twelve out of thirtcen cases died wvhere ne phage was ueed.
Applebeum and Mac Nesl (1932) found that purulent exudate, whem

diluted exerts an interfering influence on the lytie astion of

phage. Blood and Serum ~vere also found to exert an inmhibitirg

infiuense upon the action of the phage. Bimilar results were

found to de true for both soli and staphylosocous bacteriophages.
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These experiments indicate that the therapeutie velue of the lytie
matorial would be diminished im pyegenie infections. GCowles (1931)
ebtained no protestive metion of b'phage in omses of oxperimental
anthrax when the orgenisms and lytic agent were injected simule
tansously into white mice. Moreover he did not demonstrate any
imnunising value for phage when it was used as an antigen for
anthrax vaccinations in mice, guinea pigs or rabbits.

The antigenic properties of the bacteriophage were first
detected by Bordet in 1921 (quoting from Weise 1927). His findings
have sinoe been confirmed by many workers. Much work has been
done upon fho antigenic properties of phage, and also upon the
resulting antiserum properties, not only for the interest which
the field affords but also because of the fact that it seems to
be a good methed of approach in trying to determine the nature
of the bacteriophage. Some of the most dellcately known protein
tents, complement=fixation for example, can be utilised in a study
of this kind. Schults (1929) reports that D'Herelle and Eliava
in seeking to demonstrate the unicity of phage, tested an anti-
serum for a Shiga phage against filtrates containing lytie agents
fqr the organism of plague &and barbenej and crosse-reuctions were
obtainede These investigutors soncluded thut tho bacteriophage
vas & common sntigen rospousible for their nonspecifisc resctienms.

Gratia and Jaumain (8chults 1929) were first to questien
that "eommon antigen® actuaslly represented the phage. They noted
that, where as in the neutruliszation tests the antiphagic sera
dehaved in a highly specific manner in inmactiveting different

phages, in the complementefixation tests, the antiphagic sera,
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when testsd repeatedly ngainst the saxe bacteriophcge suspensions,
but freshly prepured for eweh test, sowe times yielded results
whieh aprenred specifie; but at other times were clearly none
speoifics Those obsorvitions led them to the conclusion that
the cross=fixation must e due to the presence of some substance
in the broth either formed during the prosess of bacterial metabolism
or set free during the lysis of the orgenisms <= an antigenis
substance sommon to all becteris.

Arneld and Weies (1925) were the first to successfully
ollp‘auto the nonespecific rezctions which served to more or less
obssure the appareatly unique antigenic behavior of the phage.
This they apparently did by trypsinisation of the phage suspension.
Schults (1929) states, "That pheges, with rare exceptions, withe
stand the action of trypein indefinitely is well knewn.” Animals
injeoted with these trypsiniszed bacteriophage suspensions yielded
antiphagic sera of marked activity, but these sera produced ne
agglutinine, precipitine or complement=fixing antidodies against
the bacterie or bucsterial proteins of the homolegous strains ner
for the bacteriophage itself. On the basis of these obdservations
they came io the conslusion that enly neutraliszing antibedies
wore produced against the phage. BSohultis and his ceeworkers (1928)
could not demonstrate any epecific eomplement-fixing antidoedies
when immune soera, produced ia rabdbits with pure vacscinia brain
virus, were teated againet antigens prepared from lesions of
‘cutansous vaceinia or agaianst brain virus antigens. Immune sera

also failed to present evidense of specific precipitating antie
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bodies, dut virucidal sntibodies were found in all the sera tested.
They also found (1928) the eame facte wore true of herpes virue
and later (1929) report that no somplomentefixing antibodies,.
preoipitine or agglutinins were produced in their experimente uponm
rabbite in which Btaphyloceoccus phage vas used as the antigen.
They did demonstrate spocific noutralizing antibodies for the
Phage == hence their eonclusion that baoteriophage possessas all
the essential characteristics of an ultraevirus,

In & study of the antilytic antibedy Bohulss {2929) queting
from Jail and others, states that the neutralising antibody exhibits
& high degree of specifieity but he believes that exact limite
of this spesificity still rexain to be worked out. Some investie
gaters suggest that the specificity is such that an antiserum
prepared against & given phage will neutralise only the corresponding
phage, and this im the case of & polyvalent phage quite independ=
ontly of the bavterial substrate at the expense of which the
particular polyvalent bacteriophage is developed. Observatioms
by other workers seem to indicate that the specificity may bde
even more restricted, deing, in the case of polyvalent phages,
often influensed by the bacterial species at the expense of which
the phage has been regensrated (Weiss and Arneld 1924); and
Muckenfuss (1928) thinks the antibody acts on the lytic agent
by inmsctivation of individual units == a redustion in the number
of plaques rather tham their size as reporied by some. The author

(1930) confirmed Muckenfuee® findings. Most investigators agree
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that the speed of reactioa in the neutrulisation of phage by ite
specific antiserum is elowe Sshults.(1928), Muokenfuss (1928)
and others olaim that the neutralisation of the bactériophage
by the antiphuagic serum is elosely analogous to that of noutral;
isation of toxin by antitoxin. 4According to Woiss and Arnold
the reaction 1s influenced by the same fastors of time, temperature
and Berkfold filtration, using mixtures of toxineantitexia of
similar sonsentrations.

Por purposes of purifying the baciteriophags bdefore using
it as on antigea Weiss and Arneld (1926) rescrted to tryptie
digestion of the lysats to remove the antigenie bacterial preteins
in order to produce only neutralising antibodlies for the phage
after injecting trypeinised material inte rabbits. Their resulis
show that only antilytic antibodies, with as high a titer as the
unireated produced, wore obtained.

Sohults (1929) werking with a staphyloceccus bacteriephage
was unable to demonstrate am antilytic antibedy after tryptie
digestion of the lysate. He observed im previeus work that some
strains of S3aphylecoccus b'phage were not very resistant te the
astion of trypsin while the bacteriophages for the colometyphoid
group of organiems were quite resistant. The author (1930) was
adle t0 demonstrate only an antilytioc antibody for a B. eoli
b'phage after the antiducterial antidodies had been absorded from
the b'phage immune serum. There was no chance for the introdustien

of protein inte these tests, other than from the bacteria theme
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#elves, desause protein~free synthetis media were used. Kligler
and Olitssky (1932) using protein=free suspensions of & golil
basteriophage, prepared by the adsorption-elution teohnic, to
immunise r‘bbit- were able to demonstrate that the pure dasterie-
phage is a dofinite antigenic entity. They also found that the
union of the agent and its spesifiec antibody takes plase very
slowly; and that the addition of cemplement asselerated the reastion.
This latter result agrees with the finding reported by iho..uthor
in 1930.

MNCHANISM IMVOLVED IN THE PROCESS OF LYSING BACTERIA
"Phe fast that the regeneration of the active agent depends

wholly en the presense of living, suseeptible bacteria suggeste
that it may be iteslf a produst of seme phase of basterial activity.
A% all events, it is clear that wvhen traces of active agents are
introduced into a growing culture of susseptidle bacteria, the
rogeneration of the agent takes plasce during the phase of astive
growth, and precedes the lysis of the basteria (when the latter
takes place at all)e Thus the poseibility that the active agent
i liberated as a result of lyeis of bacteria seems to be exe
eluded. ~= As to the nature of the active substance and the
mechanism of its produotion by bacteria, thore existe great divergense
of opinion. A9 t0 the nature of the effest of this hypothetisal
substance on normel bacteria, rosulting in the one hand in ite
own regeoneration wnd on the othor in the disappearance of visible

basteriul growth there existe two viewse The majority of workers
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think this effect consists in the vitiation of bacterial metabole
isz ascompanied by the accumulation of products whieh under normal
oconditions are not formed at all, or appear only temporarily as
intermediery links in the chain of metabelic reactions. The
socurulation of these products in turn ssuses diefunction of new
generations of basteria, and thus perpetuates the disease leading
finally to autolysis of the bacterias® <= Bronfendrenner 1929.
Ascording to this worker and others there seems to be an ascelerated
multiplioation of the bacteria when in the presence of phage
folloved by & swelling of the affected cells and finally a rupture
of the oell wall and immediate liberation of the contents of the
eell inte the solution. If this were a prooess of digestion,
chemical euamination of the solution of lysed material should
show the presense of products of digestion; but so far, the literature
reveals no findinge where this has been the case, except that
given by Bronfenbrenner in which he reports lysis of baoteria
in a proteinefree medium which he says "gave ummistakable evidensce
of hydrolysis of bacterial protein.® He thinks the reason others
have not beenm able to show hydrolytic astien is probably due to
the fact that the material subjected to analysis censisted of
ordinary media too rQop in various products of hydrolysis of protein
teo permit the detectier ¢f possidbly a small inerease due te
hydrolysis of bacteria. He does not dDelieve that the astive
agent plays any part in the actual dissolution, but that it is
a result of intracellular digestion breught about by mormal

ondefornents. He therefore consludes, "The phenomenon of transe
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missable lyeis ean thus be divided inte tve stages. The early
stage depends on the presence of the phage which stimulates basteria.
As a result, the aetivity of intracellular ferments is inereased
and the rate of nﬁltipllcatioa is exaggerated., 8Some of the products
escape from the cells inte the medium, and in turn produse a
stinulating offeet on newly formed sells. These products represent
the active agent (bactoriophage).® MNow these endofermente functienm
te bring about dursting of the basterial cells is oxplained on a
Physieal basie in which the matarials within the aells are broken
Wy Int; nume rous smaller particles; thereby greatly inereasing
the tetal aumbder of particles within the sell membrane. Then due
fo the larger number of particles the pheaomenon of osmosis bagins
to exert its otfoet-. resulting in an imbibition of H20 by the
basteria to the point of rupture and a sonsequent clsaring eof
the medium in whieh the bacteris are growing.

This is semewhat similar te Bordet's explanation of the
phencmenon; namely, that bacteriophagy represents the pathological
exaggeration of &« process vhish is physielogical te the bdasteria
and which is the result of a vitiation thut has oceurred in the
acoomplishuent of & normal proeess.

Nerthrop and Krueger (1930) however, delieve that there
19 a normal grevth surve of the basteria up to & oertain peint
at whieh lysis begins explosively. They alse thimk that lysie
will escur with grc'ti of basteria when the bacteriephege and
basteria are in a ratle of F/B 2 125 whers "P° 3 b'Phage and

"B® ® pagteria. They further state, that probably the ianternal
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Phage is responsible for the lysis. At any rate, it wvae found
(Northrop and Krueger 1932) that there must be a consentration
of 110 units of phage within the cell or of 12 x 10' uaits in
oaoh ml. of surrounding aolution in order for lysis to oseur.

D'Herelle (1926) believes that basteriophagy takes place
by the phage corpuscle first decoming fixed te the bacterium to
exercise its action, after which the corpuscles enter the bacterial
¢elles where they multiply and are alwaye liberated with the rupture
of the cells He claimed to have observed the prodess of multiplie
sation vlthin the cell with the aid of an ultra-miorescope, the
particles being visible as small granules within the bacteria
about to be lyeed.

Bayne=Jones and Sandholser (1933) made motiom photomiore=
graphic analyses of the meshaniem of lysis. Their measurements
of the increase in sise of the bacteria show an inorease in the
oise of B. ¢oli, under the influence of phage, of two o eight
times the original volumej while normal bacteris inoreased not
mere than four times the original eise. Not all the eoli cells
were seen to onlarge and noens of the B. megatherium increased
in sise defore lyeis. TFor B. megatherium it seemed to be a slow
disintegrating process, extending over a period of twe to ten
minutes, but for B. eoli rupture required only about oneehalf
second. It did mot appear to be a bursting of the cells due teo
esmotic pressure. Based on measuroments of cellular changes and

L
pictures of eellular Sedris, the following censlusien was reagheds
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"Our observations suggest to u-lthut reduction of surfuce tonsion
at the oell medium interface and at the interfases of the partisles
of eonstituents within the cells may be an important fasctor im
the wschanism of lysis.® It would seem to the muthor that posaibly
& sembination of the latter theory and of Bronfendrennsr's would
give & more logieal explanatioen of the phencmenon than anything

offered up to the present time.

|4 STUDY OF THE SELECTIVE ACTION OF DYES, OF PHENOL,
AND OF 80DIUMI HYDROXIDE ON BACTERIOPHAGES

Kooh in 1861 (Smith 1922) wae the first to investigate
a systemmutie etudy'ot the effeet of disinfectants upon basteria.
However, the first observation of the bectericidal properties
of dyes is usually mceradited to Rossahegyi (1887) whe oslled
attention to the specificiiy or selective action of certain dyes
in inhibiting different bacterim. Pensoldt (1890) again ealled
attontion to the fact that some dyes, espaecially methyl violet,
are very dostruotive to bacteria, andi he suggests their use in
the treatument of wounds. DPrigaleki und Conradi (1902) were apparently
first $o suggest the practical utilization of the sclective astion
of dyes in isolating rure cultures of basteria. They used orystal
vielet to inhidit the cocel for the isolation of B. typhosue froem
feses. They also noted that Be coll was more readily inhibited
by malashite groen and brilliant green than was B. typhosus.
Loeffler (1906) used malachite green for the sams purpose, but

Gonradi (1908) showed that brilliant green was better. The
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bastorisideal actien of methyleviolet was again memtioned by Drsyer,
Kriegler and Walker (1911) who demonstrated thet Staph aureus
was nore susgeptible to the eoffecte of the dye than B. typhosus.

The first eystenatie lnvestigation of the selective sotion
of dyes was made by Churchman (1912). While mskirg en ezperimental
study of basteriuria from & specimen of urine thought %o contain
prodigiesus organisms which bhad been injested into the ecirsuletien,
he got a contamination with B. subtilis. In an effort to rid
the ma?orlal of this contzmination, he studied the effost of &
number 0f dyes on these organisms and a striking selective acstion
of gontian violet was ohserved. The dye (5 drops of saturated
aqueous solution) was added to a 48 nours old breth culturs,
mixed and allowed to stand for one hour, after which agar streaks
were made from sash broth culture. After 24 hours incudation
at 37%0. it was feund that prodigiosus was unaffected while the
etainsd sudtilis failed to0 grow. On further study it was found
that dacteria ceuld de divided inte twe groups acserding to their
behavior toward gentian violet. The same sori of selestive astion
was noted when the geantian violet was put into agar medium on
whieh the organisme were grownj; but more sonstant results were
obtained. Ghurschman studied 130 species and 318 etrains of erganiems
and found that adout 904 of the Gram-pesitive organisms were alse
gentian violet positive (inhibited) while abeut 10% of the Grame
pesitive organisms vere gentian vielet negative (ne innibition).
However werk up to the present time indicates that Churchman's
figures ara too low for the number of Gramepositive bacteria that

are inhibited. As regards presision and constansy there san be
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no compurison vhatewer, acoording te Churchman, between this reaction
and the Gram staine The dye reastion is further distinguished
from the Grem stain by the fuct that an orgeniem reacts in the same
way toward the dye no natler what its agee It is believed that
the bducteriostatiec action of gontian violet is like that of other
basterigides =~ a quantitative one. 1Ian suffisient strength it
will kill all dacteria. 7The iunterval, hovever, between the diluticm
nagessary to sompletely prevent growth of the Grumepositive baoteria
and thad reguired to have an appresiable effect upon the Grame
negative ones ie usually eo wide that the selective action may
almost be thought of as independent of any quanititative slement.
The Gramepositive basteria mever grow iz a dilution of 1 « 100,000,
while the Gramenrezative organiens were uninfluensed by that dilutionm.
The Oramenegative orgenieme grow regularly in & 1 « 10,000 dilutien,
irregularly in 1 « 5000, and often in 1 « 1000 diluiion of genilan
violete Insidentally, the auther noted ameng thd Graxenegative
bacteria a sonsiderable variation in resistasce to the astion of
gontian violet =~ ene B. 001{, for instenee, would not grow in
al e 300,000 didution of the dye. A.selective action siauilar
te that of gentian violet is exhidited to a greatar or losser
degree by other basic dyes of tha triphemylmethane group.

Sison and Wood (1914) and Krumwiade and Pratt (1914) were
the mext irvastigators to do any extensive work in this fleld.
Simon and Wood showed thad the ®inhiditory action upea the growih
of certain basteria which has been shown te be sommon to all

triamine=triphenyl methanes is not an exclusive property of
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this group of aniline dyes, dus nanifested also to a groater or
lesser extent by other strongly dasic dyes, and le dependent upean
the presencs of dasic auxoshromie groups and the absence of gore
responding soid groups (le., a prependerance of the former over
the latter) in assosiation with the existence of certain Shromoe
Phoris radicles.® It would seem superfluous to cite any more
literature on this particular field for the work, im ganeral,
has been well established. The specific field that we sre interssted
in at present is to determine the sorrelation bhetweon ihe mstien
of dyes upen the bacteria and their respective phagos.

Little work has been done to show the effessts of dyes on
the b'phages, and the experiments that have bean perfsrmsd are
of a very general nature. D'Herelle (1926) speaks of the astion
of various dyes, insluding gontian violet, as belnz similar ¢o
other disinfectants. Mo found lyeis to takes placa anywhere bacteria
would grov. Reference has beon nade to the effoct that the resistamce
of the lytic prinsiple to disinfectants is interrmediary doiveen
She vegetative and spore stages ef B. subtiliae. iohultu and
Kreuger (1928) found that .0024 (1 - $0,000 dilutien) of methylene
blue inastivated a Staphyloseseus phage. They used twe Staph
b'phages that were suscepiible to trypsin and tested them with
earnine, cengo red, methyl red, neutral red, mathyl green, brilliant
greea, drilliant eresyl blue, trypan blue, besie fuehsin, erystal
vielet, gentian violet, orange G, eosin B, bismark brown and

aniline violet, in addition to methylene blue. High eoncentrations
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(dhey do not say what a high consentration 1s) wore ineubated
with the phages for 24 hours. The temperature of ingudation was
vory indefinite == somotimes Lin the insudater and aorotimes at
rooa temparature. No appreciadle influonce was exartad on any
of the basteriophages tested with the exseption of the affect
Produced by medhyleme blue on the Staph. phages. These partisular
Pheges wore complotely inactivated within § to 12 hours by come
oontra’ions of the dyo ra low as ,0024. Bight other reces of
nhagon; ineludinrg antieeoli, anti-dysentery, antietyphold, and
antieproteus did not appear to be influenssd in ths least by the
dyes used. Clifton ard Lawler (1930) tested the effecte of toluidine
blue, methylene vielet, me thylene green, mothylere asur, $hionin,
eosin B and phenol red upon & Stephyleoscecus phacoe. The dyee
were added in reletively high concentrations (not given definitely)
te the phagic filtrates which were them incubeted at 37%. for
24 hours. Only toluidine dlue incctivated the lytic agent.
Inastivetion was not edtainsd with either netﬁylono dlue or toluidine
blue when added te a soli pheges This, they cemolude, indicates
that the tuectivection is & specific phenomenon, affeeting particularly
the Staph. phages Clifton (1931) alasc reported the inactivatienm
of a Btaphylosoccus bacteriephage with methylens dblue when the
dyeephage mixture was firet exposed to the sunlight for a shert
%ine before incudation. JInastivation 4id not take place if the
dye and phege were mixed, insutcted, and tested in the darke
St is eignificant for thé work that is to follow to noto that

insctivation was only ebitined with phages that lyse Gramepositive
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basteriae

In view of these negative resulte with some of the stronger
dyee, it occourred to the author that the use ef dyes in concen
trations far in exesss of that required for the inhibitien of
basteria, correlated with variable periods of incubation and
variable temperatures, might produse resultes that otherwise ceuld
not be obtained; it further seemed advisable to test certain phages,
insluding these active aganinst Gramepesitive bacteria, whish have
notd p;ovleuoxy been studied. Morsever, there appeared to.ba .
need for testing several brands of dyes and other disinfectants
(e.g. sedium hydroxide and phemol) im order to determine if the
bacteriophages that lyse Gram-positive dacteria are nod more
susceptible to deleterious substances i{n gensral than arec those
that lyse Gram=negative organisnse

The assunption has been made that the bactariophage represents
a stage in the life eyscle of bacteria or is perhaps & metadelie
product. Should thie assumption be true & somewhat similar astlem
of the dyes upon the basteria and their respective lysates might
bdbe found. Purthermore, if this is found to be true in gereral,
14 would suggest a clese relationship between the twoj and hense,
some evidence of the bacterial origin of the hypothetisal substanse
way be obtainede It seoms that & study of the effest of dyes
upen basterial ensymes would give some valuable informatien aleng
these lines in a way eof sompariscn; and sueh a study has beea

nade. A detailed report of sush an investigetion will be givens

in another part of this vapere
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EXPERIMENTS

Twelve rases of lytio principles, five that are lytiec feor
Gram~positive dacteria and seven that lyse QGremencgative organisme
were euployed im this worke They include Phages of Siaphyloeocsus,
Asrodaster eloasae, Bacilius megatherium, B. oolf, Achromodbas ter,
@. diphtheria, B. typhosus, and B. shiga. At least two phages
that lyse Gram~positive busteria and two that lyse Gramevegative
basteria were tested simulianecusly im order to have comparable
oonditl_\no. Freshly lysed basterial esulturos ylelding phage of
high potensy were prepared for eash experiment. 8Since many of
the phages asted upon relatod spesies of organiems, they were
taken through a series of cultures of the partisular orgenisa
in question before being used for the experimental werk; and
subsequently the setive principle carried the name of the organisa
at the expense of which it was regenerated. The megatherium
Phage ) wae obtained from Gowles of Yale, the coli 2 phage from
D'Norelle’s stock, the Btaph phage 1 from Lilly & Go., and the
phages of Staphyleceoocus 2, B. coli 3, B. typhesus, B. ehiga,
Basillus megatherium 2, and O. diphthe ria were obiained threugh
the sourtesy of J. Bronfenbrennsr. Tho other throe, coll 1,
esleasae, and Achromobacter, vere isclated by the author as given
aboves B. celi phage 1 and coll 2 phage were developed at the
expense of individual strains of bacteria. When starting each
series of experiments fresh isolations of the phages were made

By the single plaque method and the basteria were streaked and

single colenies pieked.
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Por medis, plaim beof broth, adjusted to pH 746 and one per
sont plain agar were employed. Colorimetric methods, using pheneld
red, were used in most of the work to determine the pH. The potentiee
metor was used to standardise tho color standards and to cheok the
aseurasy of the eolor determinations of pH. Net more than .2 pH
variations was detected at any time.

The dyee, erysial violet and brilliant green (National Aniline
Ge.), and fwo brands of geniian violet (Goloman and Bell, and Grudler's)
were elplo;od. A 9took solution was made by dieselving 2.5 gme.
of the dye im 95% aloohol and making up t0 @ dilution of 1-40 by
addition of phyesiologicul saline. This original solution was kopt
40 make all subsequent dilutions for work with the phage and ensyme
oxperimentss The latter ailutions were prepared with the plaim broth
as the diluents Grystaline (C.P.) phenol and stick (G.P.) sedium
hydrexide were purchased to prepare those respective selutions.

The proliminary work with the disinfectants was done with varying
dilutions before the optlnyl strengthe were feund: The dye sensen~
trations that were found satisfuctory for the phrage work ware 12500,
1=5000, and 1+10,000 for gentian violet or crystal vislei; and 1-1200,
12500, and 1«5000 for brilliant greems

Divided plates in which the dye was iz ene~half eof the plate
and plain agar on the other half, were used im the preliminary work
aleng with tubes of the broth sentaining the desired dilutions of
dye. Plain broth sontrols were also mades One drop of the suspene

sion (phage plus bacteris) was added to the varieus tubes and mixed
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and then one drop of this mixture was otresked on the divided plates.
Dilutiens of dye ranging frem 12000 te 1-300,000 were tried. After
the preper insubutien pericds, it was found that lytie action took
Placo in every instance where the bacteria grewe.

It was ovident from sush rosults that it would be necessary
to empley mush higher consentrations of dye and insubate the phage
in the dye mixiures much lenger, if inhibitory astioa were te de
nnnirootodﬂ This precedure necessitated making a very great dilutien
of the dye-phage mixtures befors baucterial grewth oould tuke place
in testing for the presence of any remaining astive agent. Cone
sequontly high econsentrations of -the dyes were mixed with equal
amounte of the phage suspensions to givo the desired inhibitive
dilutions (d+2500, 1=5000, aud 1=10,000 of violet dyes. 1-1200,
1-2500, and 15000 of brililant green) which were thenm incubated
at 37%+ for varying periods of time indiocated delow. Dye=broth and
phage contrels were alse included. At the end of each period of
tnsubation one drep of the mizxture in eaeh case was diluted in plain
brosh te make a dilution of 1-25,000,000 or higher of the gentian
violet. BSinse the dye dilution was mixed with an equal ameunt:ef the
phage suspension, the progedure gave final dilutions of about 1-40,000
of the lytic agent. Buch final dilutions of dye did net have any
inhibitory astion on the basteria. In the controls where mne dye was
present, it was feund that this amount of dilutien (1-40,000) permitted
great phagie mction. One drop of the organism suspension made from

an agar slant to which 1 s.e. of hroth had been added, was now added
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te oash of the final dilutioa tudese Then cne drep of this latier
aixture was added to one side of an agar plate and sproad with a
sterile bent glass rod over ones~half of the plates The other half
of the plate served as a control for the organism with no lytie
prinsiple present. Both the finml dilution tubes and plates were
ineubated at 37%0. and rescings of the broth tubes takea at tnree
and eoix hour, &nd cverenight periods. Plates warse reed after overe
night inoudation only. The reasom for reading results ia the dbroth
eultures as indicated is that one may be able to observe lynlo'ln
three te six hours that would not show the follawing day bocause
of sesondary grouthe of bacteriae B6ince plates give a somewhat
permanent redord of what has ossurred, they werc made the criter{on
as to whether lysis had taken plase, although the tubes and plates
oheeked vith surprising constansye 4s is well kaown, & plate may
not show any signs of lytic activity while the tube from whiox it
was made may appear to be lysed. OJecasionally just the reverse has
deen feund to be true. The eontrols include a dyee«breth centrel
made dy using the highest soncentratien of dye in order to be sure
the adsense of basterial growth is net due to inhibitive actlion of
dye rather than bacteriophagic actions A phage eontrol 1is needed
a9 & standard for eemparison as well as to ehesk the lytic astivity
in each instance, while the organism sontrol is needed rainly for
eemperison but also to show that the medium is desirable for the
particular organism used. That means that the dye~broth and orgamism

sontrels should show normal basterial growth (eloudy) and the phage
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esontrol should exhibit & clear broth tube or mueh lytie motivity
on the plates {elear areas). Unless all these sheoks were definitely

discernadle ne record was made of any of the resultis.

GRYSTAL VIOLET
Results obtained by follewing the precedure just descrided
are reported belowe. It may de sosn from Table I that the megatherium
and ltaph{looocou- phages were nade scompletely inactive by dilutions
of the dy; which did not affz20%t the Achromobactor, ¢loasae and twe
eoli phages. 4 summary of tho roastions is given in the following
tabloe.
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TABLE 1.,
Results of tests (in broth tubes and om agar plates) for presence

of active phage after being acted upom by erystal vielet (N.A.0.)

for pericds of time shown.

Insudbation temperature 31’0.

PHAGES Teet Time Inhibiting dilutions Sentrels
of dye of orystal violet dye= plain Phage
- IESTED astion 1-2500 15000 1-10,000 _broth broth
Megathe l.Broth 24 hrs. sloudy eloudy eloudy eleudy eloudy clear
oeriumel ' tubds 48 hrs. °* " . . " .

2.Agar 24 ® |N.growth N.growth Negrowth

N.growth N.gr. Lysed

Plates48 * = . . » " "
Ashromo 1l.Broth 24 ©* elear olear clear eloudy eloudy clear
bacter tubes 48 ®* BS.eloudy * . b . »
2.Mgar 24 °* Lysed Lysed Lysed HeGrowth Negr. Lysed
plates
48 *® )N.Growth * . . . .
Olon- leBroth 24 *® Qloudy Clear Clear Cloudy 0Oleudy Clear
tubes ;
eae 48 [ ] L J L] | J [} ] »
2.Agar 24 " N.Growth Lysed Lyweed NeGrowth Negr. Lysed
plates
‘8 » [ ] ] " L] [ [ ]
Coli=2 1.Broth 24 * Qloar Gloear Glear Oloudy @©Gloudy Clear
tubes
48 * 8.0loudy . L . . »
2.4gar 24 © N.Growth Lysed Lysoad NeCromth Ne.gre. Lysed
plstoo‘a i - - - - . -
Staphy- 1l.Broth 24 * (Cloudy Gloudy Cloudy Cleudy Cloudy Clear
lecoccus=1 tubes . - - » ) . "
2.4gar 24 " N.Girowth N.@rovth ¥eCrosth NeGrousth NeGr. Lysed
Plates

48
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- =5000 }- d:broth broth  phege
Coliel 1l.Broth 24 hre. Clear Clear Clenr Gloudy Cleudy Lysed
tubes
48 ® L » ! » L] ®

2.Acar 24 * Lyscd Lyved Lyeed Ne@rovih NeGrowth Lysed
plates
48 t ] L] " ® ] [ ®

8 ® alight, N.Growih ® norwal bactorial growth.

By referring to the above table, one can see in addition te
the selective action mentioned above, that inhibition is more proe
nounsed after 48 hours than at the end of the 24 hour pericd. Also
some of the phages that lyse Gramenegative bacteria were inhibited
in the higher concentrations while the phages of megatherium and
S8taphylococous were eompletely inhibited in all dilutions eof the
dye in 48 hours time. The Achromobacter and coli 2 phages were made
insctive in the highest concentration (1-2500) but the coli-l phage
did not seem to be affected. Data gathered from the above work
suggested that a longer inoubation period might be advisable; and,
therefore, the suggestion was carried out in the experiments that
follow.

Table led gives the remainder of the group of b'phages tested

as above except the imhibition time was sxtonded to one week.
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TABLE I-d
Resultis with phagee whore erystal violet was used but insue
bation for imhibition was extondoed to one week. Other eonditions

sane as Table I.

PRAGES Test Time Inhibitine dilutione eptrols
of dye of orystal vielet Dye- Plain Phage
JESTED sstion 1-2500 125000 1=10,000 broth breth
Golie3 1.Broth 24 hre. Cloudy Clear (lear éloudy Cloudy OClear
. tubes
48 L ] « [ ] | ] ] » Y
1 wke " Cloudy ® » » o
2.Mgar 24 hrs. N.Growth Lysed Lysed N.Growth NeGr. Lysed
plates
48 » ” .. [ [ ] | ] ® ®
1 wk. . N.Growth * . ® °

Shiga 1l.Broth 24 hrs. Qloudy GClear Olear Cloudy OCloudy Olear

tubes
48 nrs. b Cloudy . " L »

1 wke . o o b » .
2.Agar 24 hre. N.@rowth B.Lysis Lysed N.Growth N.Gr. Clear

plates
48 . NeGrowthy * . . b

1 wke ) ] L] ] ® »

Megath l.Broth 24 hres. Cloudy CGloudy Olear Cloudy OCloudy Olear

tubes
oeriume2 48 * . . . . . .
1 'k. | J * 010“, L ] L ] |
2.Acar 24 hre. N.Growth N.Growth M.Growth N.Cr. NeGr. Lysed
plates
*8 hr‘. [ ]  J [ ] [ ] [ ]

1 wke ] ] * L] ® "]



% 2500 145000 1-10.0%0 de *;ggn 5{“‘ snsg
8taphylo- 1.Broth 24 hre. oudy Gloudy Oloudy oudy Clear

tudbes
6000use2 - 48

el -

l 'k‘ bl " [ J » » -

Z.Agar 24 hrve NeGrovih NeGrowth N.Growth N.Gr. NeGro Ly..d
plates

‘8 | ] » » ) ) L [ ]

1 wke bt ” " » " ®
Typhoe d.Broth 24 hrs. s.cloudy.s.(#loudy Cleur GCloudy Oloudy Clear
s . tudes prge . . . . . .

1 wke b " ® " » ™

2:Ager 2% hre. Ne®rowth NeGrovth Lysed NeGrowih H.8rowth Lysed
plates

‘8 » » ] L] ® [ ] [ ]

1 vk » o » » " .

8 ® slight, NeGrowth & normal baoterial grosth

The data in Tablo I« show a eimilar division of reactione of
the dye upen phages of Gran=positive and Gramenegative organisas,
as wes shown for the first group. (Table I) The Gramepositive,
neghthoriune2 was made sompletely inastive in all dilutions of gentian
violet in one week's time although it took one week's inoudation to
toastivate it in the 1~10,000 dilution. Staphylocossuse2 was imactivated
in all dilutions in 24 hours. Bhiga phage besame inactive in the
tvo highest concentratiens of dye in 48 hours, but remained astive
in the 110,000 dilution. Oolie) phage was imastivated in 1-2500
and 1-5000 dilutions within ene veek but the 1+10,000 dilutienm

remained active. The phage of B. typhosus was inhidbited cempletely
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in 48 hours in the firet two dilutions while the highest Allution
(120,000) was unaffected within one week. It may be moticed that
if inhibition were aceompliished, it took place within 48 hours, with
the exception of the megatherium phage.

GENTIAN VIOLET (C.B.)

T™he experiment shown in Tadle Il was econducsied im the sans
manner us;noarly as possibie, as the one just given except gentian
violet fgon Coleman &nd Bell Co. was the dye employed. May I repeat
here that the dye=phage mixiures were made, using dye dilutions
prepured from the original steck solutien by employing the plaina
broth as diluent, and incubating for 24 hours, 48 hours, and 1
week respectivoly before taking a test to see if inactivation were
uceomplished. At the sane tine & plaim brothedye contrel (12500
dilution of dye) and phage soairol were made and carried aleng with
the dyeephage mixturos ia test tubes. 7The phage sentrol was prepared
by mixing an equul amount of piain droth sad the desired phage
filtratee This means that the phage was in & 1«2 dilution in all
tubas thut contained ite In order i{o tesit for the presence of active
phuge at times 3tated, ond drop of eash mixture was diluied approxe
imately 1 in 20,000 giving finud dilutions of dye of 125,000,000
or higher e«nd finsl dilutions of bacteriephage of 1+40,000. One
drop of busterial euspeusion of the desired erganism vas thea added
to oush of the la%ten dilution tuboe and to one plaim broth tubde
which served as & bucierial conirel. Nowv one drop from eash tude

containirg the bucteriui susrension was added to a plain agaf plate
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and spread with a sterile, bent glass red after whioh both tubdes
and plates were insubated overe=night and results regsorded as found
in the tables. Sometimes, as mentioned bafore, results were recorded
at three and six hour periods. 1In case a tube cleared before the
next day, the record stood because secondary growthe may ooccur and
mask the actual oceurences in the broth tubes. Of course this does

not hold for the platese.
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‘ TABLE 11
Resulis of tesis for presense of astive phage after being
asted upon by gentian violet (C.B.) for periods of time shown.

Incubation towperature 37 °e.-

a—

PHAGES  Test Tiue Inhibiting didutions '
of dye a.!..mua.g.:.}ng.ﬁ dye- plain

ZESTED astion 12500 1«50 =10,C00 broth broth phage

Mogathe l.Broth 24 hrs. Cloudy Gloudy Glear  Cloudy Cloudy Clear

tubes
erium=-l 48 © » . ® . » -
1 wk. . . Cloudy e L ®
2.Agar 24 hre. N.Growth K.Gre 8.Lysis MN.Growth N.Gr. Lyesed
plates
48 * . . N.Growth . . .
1 wke. L L ® . ® L]

Ashromo l.Broth 24 hrs. Oloudy Olear OClear Cloudy Cloudy Clear

tubes -
bagter 48 * ® o . . ®
1 wke °® Cloudyr * . ®
2.Agar 24 hre. N.Orowth Lysed Lysed N.Growth N.Gr. Lysed
piates
48 bl . N.Growth bl L L] [ ]
1 wk. . S.Lysis * L " °
Gleae 1l.Broth 24 hrs. Gloudy Olear Olear (Cloudy Gleudy OClear
tubes
eas 48 * . = Cloudy * L . .

1 wke ° Clear o * e i

2.Agar 24 hre. N.Growth Lysed Lysed N.Growth N.Growth Lysed

plates
48 * o ] L L [ ) °

1 wke (] [ . L ] L] e
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TABLE II Gon't.

422300 __1-5000 1-10,000 MLML_.P{Q
Ooli=2 1.Broth 24 hrse Gloudy OClear Olear Oloudy Cloudy OClear

tubes
48 hre. o Cloudy . b 0 °
1 wk. ® 8 ° » . . ;
2.Agar 24 hre. NeGrowth BelLysis Lysed NeGrowth N.Growth Lysed
- piates 48 © ° MeGrovth BSibynis * ° .

A wke L L L o [ ] ™)
Staphye leBroth 24 hrs. Gloudy Cloudy @leudy Gloudy OCleudy Clear
$udbes
dececous=l1 48 ° . » . . » .

d wke ° o © L . .

2.Agar 24 hrs. N.Crowth NeGrowth NeGre NeGr. NeGrowth Lysed

plates -
‘8 L ® [ ] [ ] ) . P
1 wke ® ] ) - ; "
Goli=)l 1l.Broth 24 hrs. Olear Olear Clear Gloudy 6Cloudy Clear
$ubes -
48 nrs. . . L . " .
1 wke . . . . ® ™

2.Ager 24 hrs. Lysed Lysed Lysed N.Growth N.Growth Lysed

plates
48 ° . ” . ™ ™ L]

1 wke [ ] [ ] L J L [ ] [ ]

Golie3 1.Broth 24 hree Cloudy Glear Clesr Cleudy Gloudy (Qlear

$ubes
48 * ] L] » » ° ]

1 wke e Cloudy °® » . .
2.Agar 24 hrs. N.Grovth S.Lysis Lysed N.Growih K.Growth Lysed

“ ] | [ ] L] L J L J [

1 wke » NeGrowth * » hd L]
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TABLE II Oon't.

= = =30,000 doproth broth _ phage
Shiga logroih 24 hrse Oloudy GCloudy Clear Gloudy Cloudy Olear
ubes
’ 40 ° L [ ] [ ] [ ] [ ) ®
1 ". [ ] [} [ ] " .‘ | J

2.Agar 24 hros HeGrowth NeGrewih Lysed N.Growth N.Growth Lysed

plates
.e. o ® [ ] [ J ] [ ]

1 wk. o » » o [ ®

Megath le.Broth 24 hres Oloudy Oloudy Olear Gloudy Oloudy Olear

tudbes
."“.z . ‘8 » » [ ] ® [ ] » []
1 wk. hd ® 8.0loudy * i bd
2.Agar 24 nrs. N.Growth N.Growth Lysed NeGrowth Ne.Growth Lysed
plates .
‘8 [ ] " o ® [ ] [ ] [}

1 wke. " » L J [ ] ® »

Staphy> l.Broth24 hrs. Gloudy OCloudy OCloudy Cloudy Oloudy Olear
: tubos
lecossus=2 48 nrs. » » L » » »

b § '.. L] L] [ » L J L]

2.4gar 24 nrs. N.Growth N.Growth N.Growth N.Gr. N.Or. Lysed

pl.t..43 " " . - . " "
1 'k. [ ] | ] » [ » [ ]

Typh= l.Broth 24 hre. Oloudy Cloudy OGlear Clowdy Oloudy OClear
osus tubes ‘a [ ] ® » (] [ [} ®
1 'kl L | * | ] » ] [ J

2.Agar 24 hre. N.Growth Lysis Lysed MN.Growth NeGrowth Lysed

48 ¥ . N.Growth * .

1 wke
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TABLE II CGon't.

1-0 °
Piphth~ LleBroth 24 hre. Oloudy gloﬁ‘y O§ouly 51-.:

tubes
oria 48 nre. .
b § wke b
2.4gar 24 nrs.
plates
48 hirs.
. 1 wke

Legend: Same as Tadle I.

An inspection of Table I reveals the same sort of selestive
astion as was exhibited by the orystal violet and the reactions im
each instance are very similar, if not identisale. There appears
40 be an irregularity in the 1-5,000 dilutien tudbe of the eleacae
phage at the 48 hour peried. This may be explained, as has bdeea
mentioned before, on the basis that the tube hed ckeared and seeondary
growth developed soeme before the results were recorded. Ocoasdtaally
& droth tude eontaining astive phage dees not entirely olear. No
doudt the reason for thie phemomencn o&n be more fully explained
by additional esperimentetion. Frequeaily results were racorded
similay to these when therc was & positive evideance cf lysis dud
not 50 mueh as was oevident in the lytic contrele MNone of the phages
that lyse Gram-negative organisms were inhibited by the highest
dilutien (1+10,000) of gentian violet while all thoze that are lytie

for Gram=pesitive bacteria were inactivated by that dilution in one
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woek’s timo or less. Tho phages of Beoillus megatherium seem to
bo more resistant tham ura the Staphylesossus and diphtharia sgeais.

The data ia Tadle III show wo resulis for ihe diphtheria
phage after & period of 24 hourses There 18 no sonslusive evidense
40 show that nothing wui happer after this peried, if the experie
montal fasiors are made to inmslude all possidle variation. However,
the conclusjens here are drawa from the resulis of 4he inveetigations

as reported.

GENTIAN VIOLE? (Grubler's)
Table 11l showe the same type of experimenis, using the same
iytsie agents as before, but Grubler's gentian vicled ie the inhibe
iting agent. Other coanditions were duplicated in so far as possidle.
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TABLE III.
Results of tests for presense of astive phage after deing asted
upon dy Grubler's gentian violet for period of time shown. Incubation

tempereture 37°%.

THAGES Test 7ime ~Inhibiting dilutions Sontrols
of dye %mmmp dye= plain phage
8 astion le2 15,000 110,000 ro rot
Megather

1.Broth 24 hrs. Cloudy Cloudy 8.0loudy Cloudy OCloudy Olear
ium=1 tubes

48 © b © Cioudy . » L
1 wk. 8 L] ® L 3 ® ]
2.Agar 24 hrs. N.Growth N.Growth Lysis N.Growth N.Growth Lysed
plates
48 * i » N.Growth b . .
1 wke. ® (] ® [ [ ] ®
Ashrome
1.Broth 24 hrs. Clear 8.0lcudy Olear Cloudy OCloudy OClear
baster tubes
48 nre. °* Clear b . » L]
1l wk. OCloudy * . . * .
2.Agar 24 jyrs. Lysed Lysed Lysed N.Growth N.Growth Lysed
’ht‘. ‘8 [ ] ] L} [ ] [ J [ ] [ )
1 wke. Lysis . . b b b
Cloacae
l.Broth 24 hrs. Olear Clear Clear Cloudy Cloudy OClear
tllb.. ‘8 [ ] ® L J | J L} » [ ]
1 wke . . . L] L] L4

2.Agar 24 hrs. Lysed Lysed Lysed MN.Growth N.Growth Lysed
plates

48 * » [ ] [} L] . )

1 wk. . . . . . *



Goli=2

1eBroth 24 nrs.
tubes
%
1 wke
2.Agar 24 hrs.
plates
48 *

1 wk.

Staphy~ l.Broth 24 hre.

tudbes

lecosous=l 48 *

Coli=1

Codi=3

b § 'ko
2.4gar 24 hrs.
plates
48 °
1 wke
l.Broth 24 hrs.
tubes
48 *
2 wke
2.Agar 24 hre.
plates
48 *
i wke

l.Broth 24 hre.
tubes
48 °
1 wke
2.Agar 24 hrs.
plates
CG hrse

1l wke

5de
TABLE III Gon't.

4-£900._1=5000 _1-30,000 d.breth broth phae
8.0loudy GClear Glear (Cloudy OCloudy Clear

Gloudy L] L o » P
L] ® [ ] [ ] [ ] ®
NeGrowth Lysis Lysed N.Growth N.Growih Lysed
. Lyeis? b L » ®
[ ] . L] [ ] ® L ]
Cloudy 8.0loudy Clear Oloudy Cloudy Olear
b Sloudy . . . ”

L ] [ * | ] » [ ]
N.@rowth N.Growth 8.Lysis N.Crowth N.Grwoth Lysed
® » ] , L » ®
[ ] " | J [ ] | ] ®
Clear OClear Olear (Cloudy OCloudy Olear
| J o L J ® | J [ ]

[ L] » L] 2 [ ]
Lysed Lysed Lysed MN.Growth N.Growih Lysed
L} [ ] [ ] [ ] [ ] ®

$.0loudy Clear Clear Oloudy Oloudy GClear
® () L ] ] ] ®
Lyeis Lysed Lysed N.Orowth N.Growth Lysed

N.Growth * . . . .



Shiga l.Broth
tubes

2.Agar
plates

A

Megath l.Broth
v tubes
oriume2

2.4gar
plates

Staphy~-1.Broth
tubes
locoseuse2

Z.A;ur
plates

Typhe- l.Broth
tubes
sus

2.4gar

plates
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TABLE III QOont.

122500 15000 1=10,000 4.broth broth phage
24 hrs. Oloudy Clear Clear Oloudy Oloudy Clear

48 . Oloudy * » . °

1 wk. & 8.0louwdy * b bl °
24 hree Lysis Lysed Lysed NeGrowth N.Growth Lysed
48 * ) Lysis " " » "

1 wk. N.Growth " . d v .

24 nre. Cloudy OCloudy GClear 8loudy Oloudy Olear
48 v . » » " " w

1 wk. © » " " » )
24 hrs.N.Grovih ﬁ.orovth Lysis N.Growth N.Growth Lysed
48 * . » Lysed * b .

A wke ¥ . Ne.Growth * . .

24 hrs. Cloudy OCloudy OCloudy Cloudy OCloudy Olear

‘a ] L J [ ] ] " L ] L]

1 wke. [ ] L | J [} [ J [ ]

24 hre. N.Growth N.Growth Lysis N.Growth N.Growsh Lysed
‘s [ ] L] ° " » = [ J

1 wk. " ® ] . ® ™)

24 hre. Qioudy GCloudy c;oar_ciondy Cloudy Clear

48 ° . Clear " . » .
1 wke ° Cloudy 8.0loudy® . L

24 hes. Lysis Lysed Lysed MN.Growth NeGrocth Lysed
48 ® N.Growth * . . » »
] o [ ]

1 wk. b Lysaie »



53.
TABLE 1} eonc.

3:3299._.5:2229.£§$Qm222 d.broth broth phage
Diphth-1.Broth 24 hrs. Cloudy Gloudy @loudy Gloudy Cloudy Clear

tubes
.r‘. ‘8 [ J » ) . » ° -

1 wk. ® L » * ° .

Legond: same as Tadle I.

Data in Table III indisate & divisicn betveen the phagoes
that lyee Grué-po-ttive baucteria and thoee that are lytie for Grame
nsgative orgunisms, the former being inhidited by conmeentrations of
dye that do not seem to influence the aotiviiy of the latter. However
there is a very noticeatle differemse in the reactious cbtalned with
Grudbler's gontlan violet and the two former dyes used in that Grudler's
dye appears to be a much veaker disinfestant. The phages of cloacae
and 6olie-l were not inhibited by any of the concentrations of dye.
Ooli~l stands in a class by itself sinse it apparecntly has not been
inhibited by any of the violet dyes. Other unusual properties of
coli~1 phage are its ability tc constantly form very large plaguss
(9 =m. dia.) and bring about dissssociation of the organism. One of
the Staphylosocsccus phages was not comple tely inanotivated in the higheet
dilutien in this experiment while it always has been before. Mega-
theriumel phags was inhibited to a grester extent than before.
Frequently there appears to be a limiting dilutien beyond which ne
inhidbiting action takes place us is shown in the highest dilutien

(1=20,000) of srystal vioclet whichk cavsed no diminished astivity of

the phage of B. cloacae within one week.

A convenient referense to the essential findings with the

three violet dyes is found im Table IV, which summarizes the data.



54,
TABLE IV
Results obtained with orystal violet and two brands of genilan
violet as phage=inhibiting agents. Incubation temperature 37%C.

Phages Tested  Dye Zfa;;g_a_ggg dilutiens of dye
1=2500 1-5000 _ 1-10,000
Staphylococeus=1 Orystal ¢4 in 24 hre + in 24 hr. ¢ in 24 nr.
ﬂogatherlunjl vl:lot $ in 24 e ¢ in 24 hre 4 in 2448 hr.
Cloasne " ¢ in 24 hr.  « in 2448 nr- in 1 wk.
Coli-l d - at 1 wk. «at 1l wk. <« at 1l wk,
Qoli=2 . ¢ In 24 nr. =, in 48 hre = in 48 nr.
Achromobdbaster 4 ¢ in 24=48hr. ~ in 48 hr. < in 48 nr.
Celie] . $ in24 hre = at dQ wk. =« atl wk,
Shiga ® ¢ in24 hre ¢ in 43 nre - at 1 wke
Megatherium=2 b $ in 24 nre ¢ in 24 hr. 4 in 48 nr.
Staphylosecous=2 . 4 in24 hr. 4 in 24 hr. ¢+ in 24 nr.
Typhosus " ¢ in 24 hre & in 48 hro = st 1 wk.
Staphyleeoccus-l Qoleman ¢ in 24 hre ¢ im 24 hr $ in 24 nr.
and Bell
Megathorium=l Gentian 4 in 24 hre ¢ in 24 hr. ¢ in 48 hr.
Violet
Cloasae " 4+ in 24 rr. - at 1 wk. - at_ 1 wk.
Coli-l . « at 1 wke eat 1l wk. = atl wke
Goli=2 . $ in 24 nr. ¢ i 48 hr. - at 1 wk.
Achroemobacter e ¢ in 24 hr. ¢ in 48 ar. = at 1 wk,
Coli=3 . $ in 24 hr. 4 in 1 wke - at 1 wke
. ¢ in 24 by 4 ind wk. - at 1 wk.

Shiga
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TABLE IV Conme.

w2 le le
Megatherium=2 Coleman + in 24 nhr. ¢ in 24 hr. -a wk.
and Bell
Staphylocoseus=2 QGoutian + in 24 pp, ¢ in 24 nr. + in 24 nr.
Violet
Typhosus . + in 24 nr. + in 48 nr. ¢ at 1 wk.
Diphtheria ® + in 24 hr. + in 24 hr. ¢ in 24 ar.
8taphylosocous=l @Grubler‘e+ in 24 hr. + in 24 nr. e in 1 wk.
; gontian
Negatheriumel riolet <+ in 24 nr. ¢ in 24 nr. + in 1 wk.
Sloncae » « at 1 wk. - at 1 wk. - at 1 wk.
Colied . » at 1 wke 4 at 1 wk. o at 1 wk.
Coli-2 b + in 24 hr. - at 1 wk. « at 1 wk.
Ashromodaster . = at 1 wk. - at 1 wke - at 1 wke
Goli-3 » +? in 1 wk. - at 1 wke - at 1 wk.
Shiga . ¢ in 1 wk. e at 1 wk. « at 1 wk,
Megatheriume=2 b ¢ in 24 hr, + in 24 nr. ¢ in 1 wk.
Staphylososcous=2 e ¢ in 24 nr. + in 24 nhr. - at 1 wke.
Typhosus b 4 in 48 nr. e at 1 wk. - at 1 wk.
Diphtheria ®  4in26nwr. 4 in 26 hre 4 in 24 hr.

¢ oonplete inhibditiom

e no or incomplete inhibition

o, ¢ sonetimes negative and
sometimes positive in
time given
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BRILLIANT GREEN

It was found in the proiimtnnry work that brilliant green
had to be used in more consentrated solutions than the ether dyes.
Therefore the concentrations were doubled; but only two of the Phages
were inhibited with the strong solutions (1-1200, 12500, and 15000)
uoed. nonyor. stronger solutions oould not be used conveniently
for with a allutlon of 1=40,000 the brilliant green seemed to slightly
inhdbit the eloacae organisms as may be seen in contrele of Table V.
Nevertholess the effect was not enocugh to invalidate the results in
the least for only the broth tubes were so affected. The increasdd
surface area of the agar plate was the main factor in oversoming this
hindrance because in reality a greater dilution is made by -proadlni
the suspension over the agar.

Table V sumnmarises the data from experiments performed by
the same methods and under identical conditions, as nearly as possibdle,

except brilliant green was substituted for the violet dyes.
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TABLE ¥V
Results of tests for presonce of active phrge after bdeing
asted upon by brilliant greeon for periods of time shown. Inscubatien

temperature 37°¢g.

FHAGES Teot  Time Controle
of dye o4 Plain phage
ZESTED . setjom 1-12CQ Xroth
Hegath 1l.Broth 24 hres. Oleart? €lear Clear Gloudy Gloudy GClear
tubes
orium=l 96 * L ” " » . »
1 wke ) » . . » )

2.Agar 24 nhres. Lysed Lysed Lysed N.Growth NeGrowth Lysed

plates
,6. [ ] ] ® » ® L]

1 wk. [ ] L ® [ ] [} ]

Aehromol.Broth 24 hrs. Clear Clear U0Olear Cloudy GCloudy Olear
tabes
baster 9% * ® v . » 0 "

1 wke » ® L} L J | [ J

2.Agar 24 hrs. Lysed Lysed Lysed N.Growth N.Growth Lysed

plates
96 [ 4 L] » L J " L J o

i wke L J L] [ J [ J * L]

Clon- 1.Broth 24 hrs. Clear Clear Olear Cloudy? Cloudy? Olear

tubes

cae ,6 o ] L] L] L] L J [ J

1 wke . ® . . . .

2.Agar 24 hrs. Lysed Lysed Lysed N.Growth N.Growth Lysed
plates

96' [ ] [ ] ” [ ] [ L]

1 wke. [ J L] L] | J L J o



Coli=2 1l.Broth
tubes

2.‘3.!’
plates

Staphy~ l.Broth
tubes
lesooouse=l

2.Agar
plates

Coli=l 1l.Broth

2 o“.f
plates

Golie3 l.Broth
tudbes

z.“‘f
plutes
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TABLE ¥ eon't.

1‘ 0 loz -
hre. c%o.r Clear E§onr

24
’6 [ ] » » ®

1 'k. [ ] [ ] »
24 hree Lysed Lysed Lysed
,6 [ ] [ ] 2 ]

i wk. bl b ®
24 hre. Oloudy Olear Glear
9% °* Olear ® »

i wke » b .
24 nrs. N.Growth? Lysed Lyeed
9% ° Lysed . .

1 wk. . b b
24 hrs. GClear Clear Clear
9% * ® " .

A wk. * ® Glear
24 hre. Lysed B.Lysie
96 © b Lysed .

1 wk. . bt Lysed
24 hre. Olesr GClear
,6 | ] ® [ J

1 wke. °* .

24 hrs. Lysed Lysed
" [ ] L J *®

1 wke bt .

loudy' loudy OClear

NeGrowth NeGrowth Lysed

[ ] ] "
L ® L]
Gloudy (Cloudy Olear
L] " L]
® ] ®

Ne.Growth N.Growth Lysed

8.Cloudy GCloudy Olsar
L] [ ] [ ]

S.Lysis N.Growth N.Grovth Lysed

L o [}
. . .
Gloudy Cloudy Olear
- [} L]
) . »

N.Growth N.Growth Lysed
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TABLE V Con't.

=1200 12300 1- g:broth broth phage
Shiga l.Broth 24 hrs. Clear C(lear Cloudy Cloudy Olear
fubes :
’6 ] [ ] ® o ® ®
1 wke. . L . » »
2.Agar 24 hrs. Lfiod Lysed NeGrowth N.Growth Lyeed
plates
96 * » . » » »
1 wk. . . » b4 ®
Megath~ I.Bfoth 24 hrs. Clear OClear Cloudy €Cloudy Clear
tubes ,
orium 96 * » " 6 " »
1 wke. ” ® L] L] ”»
2.Agar 24 hrs. Lysed Lysed N.Growth N.Growth Lysed
plates
,‘ ® L J » " | [ ]
1 'k‘ L ] [ ] L] ® ®
Staphy~ 1.Broth 24 hrs. 8.Cloudy Clear Cloudy Cleudy Olear
tubss
locescus=2 9% * Clear * . . .
l'k.  J [ ] ® [} "
2.Agar 24 hrs. Lysed Lysed N.Growth N.Grovth Lysed
plates
’6 . | J ® . 2 o
Typhe 1leBroth 24 hrs. Clear Gleaur GCioudy OCloudy OClear
dubos
osus 9% °© ° » » » L]
1 wk. . . . . o
2.Agar 24 hrs. Lysed Lysed N.Growth N.Growth Lysed
Platoo,s . . - - - -

1 wke ® . . . .
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TABLE ¥ Cone.
11200 12500 A=5000 d.broth grotg phage
Diph= l.::;ih 24 hrs. Olear Clear oudy Gloudy Olear
o0 '
theria 9% * . . » » .
1 vke Oloudy Gloudy * . ®
2.4gar 24 nrs. Lysed Lysed NeGrowth NeGrowth Lysed
plates
" ] [ L ] [ ] ® »
- b § wke

Legend: same as Table I.

Brilliant green under eonditions of the experiments did not
fakibit but two of the bd'phages, Staphylescccue and coliel, within
one woek and the former very irregularly, Coli=1l though, seemed to
be affected each time it waes chesked but the inhibition was not cemplete.
8inso bdrilliant green gave mostly negative rosults in the experiments
Just oited, it was desided to try the effect of a water bath tempera-
ture of 50'0. for one hour immediately fellowing the sheck made after
one week's insubstion et 37%. The point of thermal imastivation of
basteriophage, as determined by us and as cbserved by many other workers,
i® muoh abeve 50‘0. Yhen this procedure was sarried out, one of the
Phages of B celi (1) became ecompletely immctive in the two higher
condentrations, while the condition of the other phazes was apparently
unchanged. This data is not shown in table form.

¢t is interesting to nots that the two phages of B. eoll
developed at the expense of the same organism reacted im opposite
manner to the two dyes. Whereas crystal violet gave negative results

with B. coli phege 1 and brilliant green produced definite inhibditien
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orystal violet inhibited B. coli phage=2 and brilliant green gave
negative results. ft might be further stated that the latter
lytic principle is capable of lysing a strain of the typhoid dasillus
while the former is net. It was stated above that celiel Phage
Produced muoch larger plagues than any of the other phages of B.
ooli; and it also constantly brought sbout disassociation eof B.
6eli while the others did not. In fact is was very seldom that
anything showed on the plates after lysis had ocourred, except a
few isolated rough selonies of B. coli, which, from nacroscopie

examination, appeared to be centaminants.

DISQUSSION

The nature of the bacteriophage and the mechanism involved
in the precess of lysis of bacteria by the hypothetical substansce
has been discussed in detail above. Therefere it is sufficsient
at this time to mention only facts which are pertinent to prodlems
at hand. The author has suggested a cembination of the Bronfenbrenner
(1929) theory of the bactoriophage and the meshanism invelved and
that of Bayne=Jones, both of whom believe the lytic agent to be
a predued of bacterial metadolism. Bronfendrenner explains the
phenomenon as being initiated by the agent catalysing the endoe
ferments of susceptible dacteria theredby bdringing about a ehange
in osmotic forces upon the cell which in turn eauses imbidbitien
of water and subsequent rupture of the sell, liberating mere of

the stimulating substance, bacteriophage. However, it has been
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showa that much of the active agent is liberated defore rupture
of the celle Bayne-Jones does not believe the bursting of the cell
is entirely due to osmotic pressure dut that a redustion in the surface
tension at the e¢ell medium interfase and at the interface of particles
of constituents within the ¢ell way be an important factor in the
mechanism of lysie.
If the bacteriophage is a bacterial produst; it is possidle

that seme light might be shed upon the question by making a study
of the effecte of dyes upon the bacteria and their respective phages.
It would at least suggest a chemical relatienship between the
basteria and their respective lytic agoents 1f some correlation of
the offects of the dyes upon them could be shown.

With the abeove ideas im mind twelve lytic prineiples, six
that lyse Gramepositive organisms and siz that lyso Greamenegative
bagteria were obtained for the investigation.

Preliminary work indicated that the dacteriephage was much
mere resistant to deleterious subatances than the vegetative eolls
of the basteria; so it was desided to mix high concentrations of
the dye with the lysates and inoubate for variable periods of time
at various temperaturee before adding the dacteria for the detestion
of active baoteriophage. In order to make the latter test it was
nseessary to highly dilute the dye=phage mixtures in order to pomit
uninhibited dacterial grovth. Final dilutions of the vielet dyes
of one te twenty=five millien or higher seexed to work perfestly
and s41ll the dilution (1-40,000) of phage which wes effested

by the procedure was not sufficient to prevent active lysis in the
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eontrol.

’hon the experimenis were so condusted, using three brands
of dye: namely, ene crystal violet and two makee of gential violet,
& selective phagiostatio action of the dyes on the bacteriophages
was donon-trctid. and the results suggeds that there is & corselation
betweon the selestive action of the dyes om bacteoria and their
respesiive phages. By using proper consentrations of the dyes
the phages that lysed Gramepositive bacteria were completely inhibited
while those that lysed Gram-negative bacteria were apparently not
diminisked in their activity. Only one of the lytic agents, coliel
wae resistant to the action of thé strongest selution (1-2500) of
the vielet dyes. This agent was much different in several respects
from the other phages of B. celi. Jt produced much larger plaques
(7 =ms) and censtantly drought about disassoeiation of the bacteria
when in their presense. The results én all experiments tonded te
show complete iysis or none at all, although that was not always
the case. One would expect sush resulis in the droth tubes because
one uninastiveted corpussle of phage should be sufficient to dring
about eomplete lysis of the basteria. The dilution method of
isolation depends upon this principle. That fast, it would seem,
should not apply to the plates; but i# is surprising hew well the
tubes and plates chesked. Rather disconnested results were obtained
with the diphtheria phage besause it was difficult to keep it going

in the nedia used. A fow tosts were made with it in media of pH 7.2

and apparently more suceessfully.
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Almost identical reeults were getten with orystel violet
and Geleman and Bell's gentian violet, but Grudbler's gentian vielet
did net exhibit as mush inhibitive setion although the same sort
of selective action was manifested. The only explanation that can
be offered for the difference is that perhaps a larger percentage
of methyl violet is found in Grudler's dye.

Brilliant groeen was prepared in twice the sonsentrations
of that in the viclet dye experiments and then only ene Staphylececcus
phage and coli=1l phage were influenced in the highest cencentration
(1=2200) wsed. The Staphyloscococus phage wae very irregularly
affested while the coli agent was constantly inhibited to some
oxtent, but not completely. In view of the negative results with
this dye, it was decided te try the effoct of a water bath tempera=
ture of 50’0. for one hour immediately following the oheck made
after one week's insubation at 37%°C. The point of thermal imactie
vation of the bacteriephage, as determined by use and as observed by
many other workers, is muoh above 50'0. When this procedure was
earried out, the coli=l phage became sompletoly inastive in the
twe higher eoncentrations, while the condition of the other phages
was apparently unchanged. It may be noted that, in addition to
differences mentioned abeve, the two phages of Be celi developed
at the expense of the same organism reasted in epposite manner te
the two dyes. Whereas orystal violet gave nagntive results with
B eo0li phage-1 and drilliant green produced definite inhibdbitien,

srystal violet inhibited B. coll phage=2 and bdrilliant green gave

negative results.



65.
CCNCLUSIONS

Evidense has been cited which suggeste a chemieal reletiomship
exists between bacteria &nd their respestive phages.

A .selective ph-gloitatlo astion of orystal violet, gentian
violet, and brilliant green on the twelve basteriophages tested
has been demonstrated, and the resulte suggest that there is a
sorrelation between the selective action of the violet dyes on
basteria dnd their respsative phages.

High oconeentrations of dyes were required to effest inhibition
of the phages.

A'high dilution of the primary dye solutions (inhibiting
dilutions) to the point where there would be ne inhibition ef
bacterial growth was a requisite in demonstrating the activity
or inactivity of the lytioc prinsiples after each period of incubda-
tien.

Under the oonditions of the experiment, the phages that lysed
Gram=positive basteria were sompletoly inhiblited by cencentrations
of the violet dyes which did not appear to diminish the astivity
of the phages that lysed Gram=negative bacterias.

The reactions of erystal violet and Colemen and Bell's
gentian violet gave almost identical results; but Grudler's gentian
violet, while showing the same general selective action did not
give the prencunced inhidition that the other two dyes exhibi ted.

™he inhibitive preperty of brilliant green was extremely

variable when eompared with that of orystal vielet, but nevertheless
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distinet with one phage of the colon basillus im particular. The
latter phage, oeliel, was the only ens of the twelve whioh was nod
influensed by the viclet dyes.
Twelve bacteriophuges, eix that lysed Gramepositive basteria
and six that lysed Gramenegative organisms, were included in this

investigation.

-

PHENOL AXD 8ODIUM HYDROXIDE

Another series of experiments was performed with phenmol and
sodium hydroxide as phagiostatic agonts in order to discover
whether or mot certain phages,are, in general, more susceptible
to delstorious substances than are others. It was found that the
phenel and sodium hydroxide must be used in mush higher concene
trations than the violet dyes to procduce inhibitive effects.
Another differeneo noted was that lees dilution of the inhibiting
agont, permitted uninhibited bacterial growth in comparison to.
that used with the dyes. For inhibitive actiom phenol dilutiens
of 1«20,1«80, and 1«160, «nd sodium hydroxide dilutions of 1=500,
1-1000, and 11500 were employed. Aftor the disinfectant-phage
mixtures had been made and subjected to tho proper eonditiens of
insudbatien, they were diluted so as (o give dilutions of phemeol
of 1=2800 and dilution of sodium hydrexide of 1-70,000 or highere
Otherwise those experiments were conducted as with the dyes.

The results given in ¥ables V and VI also indicate that

in general, the d'phages msy be put into twe groups. Although
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this was espeoially irue of the actior. 0f phenol, boveral variations
were observed with sedium hydroxide. In both instances more
uniform results followed. However, there was not so much of a

margin for the dividing line between the twe groupes as when the dyes

vore used.

PHENOL

A suzmary of the results obtained with pheanol as inactive

ating agent is found in the following table.
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TARLE V1

Results of tests for presense of lytic matefial after being

acted upon by phenol for time given.

Incubatior tempoerature 37°¢o

?ianns Teat PTine

e

10"'“‘ 48 hrs.
tubes

Cloa~

cae 1 wke

2.Agar 48 nrs.
plates
1 wke.

Staphy=1l.Broth 48 hrs.
tubes
lesecous~l 1 wke
-3.Agar 48 nhrs.
plates
2 wke

Goli=2 l.Broth 48 hrs.
tudes

A wke.

2.Agar 48 nrs.
plates
1 wke

Goliel 1l.Broth 48 hrs.
tubes
1 wke

2.Agar 48 hrs.
plates
1 wke

Ashromo l.Broth 48 hrs.
tudbes
baster 1 wke

2.Agar 48 hrs.

plates
1 wke

of phenol

%&ﬁ%ﬁ'lgh-g.

X )

“phenol
" r h

Cloudy €lear €lear GCloudy GCloudy Clear

NeGrowth Lysed Lysed N.Growth N.Growth Lysed

Cloudy OClear Cloudy OCloudy Olear

. Oloudy Clear . . .
N.Growth Lysed Lysed N.Growth N.Growth Lysed

. MCGrowth * . . .
Cloudy Clear Oloudy Oloudy GClear

bt Cloudy GClear * . .
ReGrowth Lysed NeGrowth N.Grdwth Lysed
. Lyeis Lysed ® . .

Gloudy Olear Cleudy Oloudy Clear

. . Clear * . .

Ne@rowth Lysed N.Growth N.Growth Lysed

Oloudy Cloudy Clear Cloudy Oloudy OClear

H.Growth N.Growth Lysed N.Growth N.Gr. Lysed
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TABLE VI oorc...

Phenel
120 1-80 1-1% ,
Staphye~ 1.:r::h 48 hre. Cloudy 8.6loudy $.0loudy oudy Gloudy Oleayr
ubes
lococsus=2 i wk. ® » Gloudy " . b
2.4gar 48 nre. NeGrowth NeGrowth Lysed M.Growith N.Gr. Lysed
plates
1 wk. . . NeGrowth » . °

Shiga l.Breth 48 hrs. GCloudy Gloudy Glear  Gloudy Cloudy GClear

tubes
1 wke . bt b . "
2.4gar 48 hrs. NGrowth NeGrowth Lysed N.Grovth N.Growth Lysed
plates
1 wke L L] L] ® |
Megath= 1.Broth 48 hre. Cloudy Cloudy Clear Oloudy Oloudy Olear
tubes
orium=3 1 wk. » . .

2.Agar 48 hrs. NGrowth NeGrowth Lysed NeGrowth N.Growth Lpsed

" plates
1 wke . » .

Legend: sane as Table I.

Table ¥I shows that all the phages lyeing Gramepositive
bacteria were complotely inhibited by phenmol in & dilution of one
te olghty within one week's incudtation, while these lysing Grame
negative bacteria wore found to be active under the same conditions.
A one te tvwenty dilution of phemol produeed complete imhidition in
all the lytie agents tried vithin twventy=four hours, while only the
Staphylocossus=2 phage was xede inastive by the 1-160 dilutiem of
the disinfestant. It is bolieved that, sinse soli-l phage had deen
more resistant to deleterious substances than. any of the lytiec agents,

& dilution of phenol could be found that would permit lysis by this

agent wvhen under the same conditions all the others would be inactive.
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SODIUM HYDROXIDE
Results with sodium hydrexide as the phagiostatic agent are
shown in Table VII.
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TABLE V1)
Resultes of tests fer presense of lytieo meterial after it
was acted upon by sodium hydroxide for perioeds of time given.

Incubation temperature 37°C.

PHAGES Test  Time of  Jpaotiveting dilutions  Qontrols
‘aotion NaOH NsOH Plain Phage
JESTED ) — - =
Gloa= 1.Broth 48 hrs. Cloudy Clear Glear Oloudy Cloudy Olear
tubes
cae ' 1 wk. 8.8loudy . . . ° .

2.Agar 48 hrs. N.Growth Lysed Lysed N.Growth K.Growth Lysed

plates
1 wke ® " ” » L] L ]

Staphy= 1.Broth 48 nrs. Oloudy OClear Glear Cloudy Cloudy GClear
tubes
losoecus=1 - 1 wk. A . L ® . .

2.Agar 48 hre. N.Growth Lysed Lysed N.Orowth N.Growth Lysed

Plates
1 wke [ ] o L L] ] [ ]
Golie2 1.Broth 48 hrs. Cloudy Clear Gloudy Oloudy GOlear
tubes
1 wke ® ® L ] L J ®
2.Agar 48 hre. N.Grovih Lysed N.Growth N.Gr. Lysed
plates

1 wke ® 4 o ® [ J

Goliel 1.Broth 48 hrs. Cloudy Olear G8iear Oloudy OGloudy Clear

tubes 1 wke LA | ] ] ] [ ] ]

2.Agar 48 hrs. Ne.Growtih Lysed Lysed MN.Grosth N.Gr. Lyesed

’u‘.. 1 wke » ® o [ J o [ ]

Ashrome= l.Broth 4‘ hrs. GCleudy GClear Olear Cloudy Cloudy OClear

tubes
daster 1 wke [ ] L J ® [ ] [ ] [ ]

2.Agar 48 hrs. N.drowth? Lysed Lysed N.Growth N.Gr. Lysed
plates

1l wke
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TABLE Y1l Coms.

NaOn plain
- 1=1000 1-1500 X
Staphy~ 1.Broth 48 hre. Cloudy OCloudy oudy oudy oudy oar
tubes
losocoous 1 wke b bt . ® L L
S.Agar 48 hrs. 8.Lysis Lysed Lysed N.Growth N.Growth Lysed
plates
1l wke HNGrowth ¢ e ®° .
Shiga 1.Broth 48 hrs. OClear Olear Olear GCloudy Gloudy GClear
dudss
1 wke B8.8leudy *® ® ol .
2.Agar 48 hrs. B8.Lysis Lysed Lysed N.Growth N.Orowth Lysed
Plates
l 'k. L} ® E | J [ ]

Megath 1.Broth 48 hrs. Cloudy Clear OClear Gloudy €loudy Jlear
plates
eriume2 1 wk.

2.Agar 88 nhrs. N.Growth N.Growth Lysis N.Grewth NeGr. Lysed
1 wk.

Legend: saume as Tadle I.

Only two of the phages (megathsriume2 and oune race of the
Staphylococous) that lyse Gromepositive dactaria were found to be
more susceptible to tije asction of sedium hydroxide than are seme
of the agents lytic for Oram=necaiive erganisms. Coli 1 and shiga
phages were, however, more resistant te the effeats of sodium
hydrexide than any of the other tested. Sometimes they appesred
%o be inhidited within a veek while & other times no inhibition of
lyeis could de detected. With ths two exceptions, all the phages

wore inhibited by sodium hydrexide im a dilution of 1=-500 v!thh.
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one woeks Four of the lysatcs, cleasas, solle2, megatheriume2,
ana Staphyloseacus=l appecred to be sempletely inactive within
twventyefour hour's time when insubated with vodium hydroxide in
a dilution of 1500,

' Tadle YIII givos the roslts for both phenel and sodium

hydrexide.
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TABLE Y11
A-sumpary of the results with phenol and sodium hydroxide as

the phage~inhibiting agente. Incubation temperature 37%.

mmmn- Dilutien of inhidbiting substance
_fostant _1-20 - 2=80 1=260
Megatherium«l Phenol + in 24 hrs. ¢ in 24 hrs. =« in 24 nrs.
Staphylececeus-l * ¢ in 24 nrs. ¢ in 1 wk. = in 1 wke
S8taphylocoosus-2 * ¢ in 24 nrs.  + 88 1 wk. e {n 1 wk.
Clonces . e in 24 nrs. = 3% 1 wk. - at 1 wk.
Goli=l . ¢ in 24 nre. - a2t 1 wke - at 1 wke
QGoli-2 . ¢ in 24 hre, <« at 1 wk. e at 1 wke
Achromebaster . 4 in 24 hrs. e~ at 1 wk. e at 1 wk.
Shiga » ¢ in 24 hrs. = at 1 wke - at 1 wk.
1«500 1-1000 1-1500

Negatheriume2 NaON ¢ in 24 hre.  + in 24 hres. e in 24 nrs.

Staphylecoessus~-l * 4 in 24 hrs. = at 1 wke
Staphylocosous=2 * + in 1 wke. e at 1 wk.
Gloacae . 4 in 24 hre - at 1 wke
Goli-2 * ., +vat 1l wke e at 1 wke
Celi=2 . 4 in 24 hrs. < at 1 wk.
Ashromobkas ter bt + in 1 wke - at 1 wk.
Shiga bl + at 1 wke. - at 1 wke.

¢ ocomplete inhidition

e no or imsomplete imhidbition

w,¢ sometimes negative and
sonetimes positive
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DISCUSSION

After demonstrating a selective astion of dyes upon hhe
basteriophags it was desided to include phenol and sodium hydroxide
in the investigation to discover whether or not sertain Phages
are, in gonsral, mord susceptible to deleterious substances than
others. It was found that phenol and sodium hydroxide had te
be used im much highir consentrations than the violet dyes if
inhibitive effeots were to be produced. A lesser dilutien of
inhibiting sclutions, permitted uninhibited bacterial growth,
when compared te the dyes. Otherwise the conditions were kept
the same ae those oxployed in the dye experimenis.

Under thclo.oxporlmontal conﬂitlona it wvas demonstrated
that the banetericphages again fell into two groups on a eimilar
basis te that given above. This was more especially true of phenol
fhan of sodium hydroxide. The resultes obteined with phenol were
very uniform but those secured with sediumn hydroxide were very
irregulare It has been known for some time that Gram-negative
erganisms ure more easily hydrolised by sodium hydroxide than
are the Oramepositive organisms. If that fast ies takem inte
account, it will in part explain the reactions of sodium hydroxide
on the bactoriophages though direetly evposite resulis would de
expected. However, in the various experiments worked, pPhages
that lysed Gramepositive basteria did shov as mush, if nmot more,
resistance to the ection of eodium hydroxide than any other lytie
prinsiples, except coli=l phage and the Shiga agent. Very likely
dilutions of phenol could be found whieh would show more variation
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in resistanse of the various lysated but the renge in dilution
would be very small when compared to that of the dye.

y CONCLU SIONS

The selective action of phenol and sedium hydroxide om
bacteriophages is exhibited in the above experiments.

While the action of phenol upon the basteriophages seens
te divide the lytic agents into two groups as with the dyes, the
offects of the disinfectant appears to de more uniform, the margin
for the dividing line between the two is smaller.

S8odium hydroxide gave mush more irregular results than any
other of the inhibiding sulstances used, although two of the
lytic agents that lysed Gram~negative bacteria were more resistant
%0 its action than any of the others.

Vith the twe exceptions mentioned the phages that lysed
Gramepositive bacteria woere as resistant to the effests of sodium
hydrexide as any others tested.

Mush greuter concentrations of phenel and sedium hydroxide
were required to bring about inhibition of the phages than was
necessary for the dyes. It was also nessssary to have a higher
consentration of phenol than sodium hydroxide.

Conversely, it was not necossary te make the final dilutions
of the two latter substanoces so high as it was for the dyes in

order to permit éninhibited basterial growth.
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One might conslude from the results obtained that; in
general, the phages which lysed Gram-negative bacteria are more
resistant te deleterious substances than are those which lyse

Gramepesitive dasteria.
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SELECTIVE ACTION OF GENTIAN VIOLET ON ENZYMES

8ince several investigators have suggested the ensymee
like nature of the basteriophsge, and because of the many eimilar
properties between the twe biological sudbstances; a study of the
offect of dyes om ensymes seemed to be & logical investigation
to follow the above work, of dyeeaotion on the b'phage.

Properties in whieh ensymes and b'phages are similar may
be summarised so-tollovl; (1) beth are sensitive te 709¢. for
any length of time; (2) there is an optimum temperature for the
moat astivity; (3) they are antigenie; (4) sunlight and ultrae
vielet rays are said to injure both; (5) an optimum pH oxistsy
(6) they are spesific in reastions; (7) small amounts ofeither
substanse will affect large amounts of substrate; (8) doth are
sonsidered catalystsy (9). they gradually lose stirength onm
standing; (10) they are difficult to iselate in pure state; (11)
either will withstand freesingi (12) there is optimum concentra.
tien for bdest reaction; and (13) beth substances apparently are
adserbed onte their substirate. On the other hand, they differ
in that (1) the basteriophage acts best on living cells; (2) i¢
inereases in amount as reastion progresses whileensymes do net)
and (3) ensymes are repidly destroyed when in solutiea especially
et temperatures of 50°C. to 80°0. (Waksmen 1926); but the baster-

iephage is not. Although ne spesial study has been made, it has
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been odserved that some of the basterial ensymes, especially
those from Grame-positive basteria, lese thoir potonsy in & few
days at room temperature whon in an alkaline medisn, while the
basteriophege rosains potent until the selution evaporates to
drynese; and then, if redisolved, will exhibit metive lysis.
Some of i2e bacterial ersymes, porhape would exhibit similar
resistanse to ovaporation and drying if tested.

The shief objestive in this experimental work was te
soe Lif there might not be a similar relationship existing be-
tween the acifon of dye upon bacterial ensymes as was found
with the basteriophages. Literature dealing directly upem thie
question has not boen found. The fellowing observations were
alse notod;: the effect of variousreactions of the media on
ensyme activity, the effest of room and ice dox temperatures
relative to rapidity of deterioration, and the quantity and

speed of liquefaction of gelatin.
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EXPERIMENTS

Bastoria that are rapid gelatin liquefiers weore secured
for this work dy twe methods; (1) by exposing gelatin plates inm
& dusty room for a shert time mnd insudbating; and (2) dy spreade
ing heavily polluted river water onto gelatin; and, after incue-
bation at 20°C. for 24 hours, the celonies whish showed the mest
liquefastion were chosen frem both sourses. Then two stook
ocultres, prodigiosus and Achromobaster organisme that were known
t0 be good liquefiers, were used. No attempt was made to identify
all the erganisms, the purpose beimg primarily te get an equal
number of Gram=positive and Gramenegative bacteria. Twelve
erganisme, six Grame-negative and six Grau-positive, were thus
sellested. Although there wey have beea duplicate species, all
were different streins. However judging frem general charaster-
isties, not more then itwo of the strains appeared to belomg te
any one species and there was not more than two instanses where

thie occurred.

Ordinary twolve per cent gelatin amnd plain beef broth
were the mediums employed. One series of tests was run with
media adjusted te a pH of 7.6 te 7.8 and the other was about’
pH 6.0. Coleman and Bell's gentian vielet was the inhibiting
agent in these exporiments:

Ensymes were prepared by spreading a suspension of eash
organisn ever the surfase of a gelatin plate and imsudating at

20°0. for 3 to 4 days after which the liquefied gelatin was
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passed through Berkfeld filters; these filtrates sonstituted the
ensyme preparations, or perhaps we might say suopopaloa (stosk
solutions). Broth sulture filtrates were exporimented with but
were found far inferior, relative to ensyme petency, te the
golatin sulture filtrates. Even the the organisms were inceulated
on gelatin of a pH 6.0, the resiting ensyme filtrate was found to
be alkaline in reaction due te the hydrolysis of protein material
and the sonsequent liberation of ammenia. On aseeunt of the
ehange in pH of the media, no attempt was made to keep the material
very definitely at & certain pHe This explaine why it is said to
be aeid medium or alkaline medium in the tables. Sufficient asid
broth was used to meke dilutions eof filtrates from asid gelatin

te lnsure as aoid remction fer the test. Alkaline (about pH 7.8)
was used to make the dilutions for the alkaline series of filtrates.
Oseassionally the filirates were not sterilised by passing them
thru Berkfeld V and N filters. It seemed to eeocur more often when
filtering sultures three or more days old; but if the filtrates
were again filtered izmediately after basterial growih appeared
the second filtrate wes almost invariably sterile. It is the
belief of the writer, as many ethers (Seastons and Lawrense, 1933,
Wyekoff, 1933) that filteradble ferms develep ia eld cultures and
it is these ferms thateseasionally pass thru the filters. Trouble
of this nature was net experiensed when working with dasteria

under the influense of dasteriophage although many authors think
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that it does ocause the produetion of filteradle forms of
basteria. The ensyme, trypsin (Digestive Perments Go., Liquid)
was tested along with the bdasterial ensymes as a means of come
parison. krhpotn was also tried but it was found that neither
the Grame=pesitive organisms nor their enzymes would work inm a
PR of 5.0 or below and pepsin would not ast mush abeve that.
Such resuld suggest thatthe two groups of organiems sould be
separated relaive to the hydrogen ionm consentration.

Divided plates were first tried bdut results vers too
variable and all the snsymes were able te pardieally liquify
the gelatin in the highest concentrations of the dyss it wa~-
possible to make. Hydrolytie resstions were probably catalysed
before the dye had time to innstivate the ensyme. 1In ene
instance when adding the Achromobascter suspension to a gelatin
plate to spread fer preparation of ensyme filtrate, it wag neticed
that a small depression had been "eaten® eut in the mediur during
the time that elapsed between the adding of a drop of the basterial
suspension and the spreading of the drep with a sterile glass red
= net mere than thirty sesonds.

Padle 9 gives a summary of results taken Irom experiments
where the ensyme filtrates were transferred directly te divided
gelatin plates. Plates were prepared by pouring ene side of a
slanting plate and solidifying im the 1ce bdex defere pouring the

other side. Symbels have been used to indicate the dasteria from
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which the enzymes were dorived and the Gram roacilon of eaeh
organisu is given in tadle 9.

Those organisms having an "A® as part of the symzdel are
frem the 4ir isolations whilethase having an "R® are frem the
river. "Meg® is megatherium, ®38° is Achromebacter, *$8° ie
vulgaris and "prod® is prodigosus.
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TABLE 3Xx
Results obtained from divided gela:in plates. Insubatioen

temperature 20°¢.

Bnsymes Oran W Oontrol

From Soncentretions of Dye

Bastorium 22400 __ 31-1000  1-2000

Predig. - 0 0 0 Liq.

42 + 15 50 a5 o

44 + 50 50 0 .

A5 4+ 50 0 50 bt

A6 + 90 25 25 e

| 3 - 25 0 0 ”

R2 - 25 ) 0 .

R4 ¢ 25 25 o .

Ré - 0 0 o .
Yulge - 15 50 25 .
38 - () o 0 "

Lige = definite liquefaction of gelatin
Numerals indica€e per cent inhibition of
enzyme action when compared to contrel where
no dye is present.
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Results on the divided plate shew a division of the
onsymes . of Oramenegative and Gram-pesitive organiems into twe
groups; those onsymes of the former appear t0 be much more
resistant fhanthe others. On the other hand the resulte appear
quite variable and one gelatinase from a Gramenegative organism
(vulg) was inhibited s much or more thanm any of the onsymes.
I% is possidle, not only in this exporiment but also in thooe
which follow, that the reserded mumeral revresents as much as
twenty five per cent error because of the imability to transfer
ogual portions of the various solutiens to the gelatin with the
loep, even the the same ldop of unifeciw 3ise was-used. 1If
somplats inastivetion could be odtained this sourse of error
might be in a large measure aliminated. Therefore the rlate
rethod was soom dropped and the following method similar te
that used with the basteriophag: employed.

Methods of preparing the inactivafing dyeeensyme solutions
oimilar to thet of the bacteriophages were $hen followed by
making the proper dilutions of dye im plain broth. It is known
that plain broth cuts down the germicidal action of thé dyes
more ' than vater would but one ocan centrol the pH of the system
better by so doing. Results will also be somparable with the
dacteriophage recults. B2Bqual quantities of dye solution and
ensyme filtrates were mixed to produce the desired inastivating
solutions and a eonirel was prepared by adding an equal amount

of plain droth to the ensyme filtrate. These selutions were
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incubated at 20°C. and tests made at various times {usually 24
hours; 48 hoursj and 72 hours) ie see if inactivation had ocourred.
Twenty degree sentigrade iusudation was used because of sush
rapid deterioration of some of the snsymes ad highw temporatures
and of ocu#oo the gelatin had to be incubdated at a low temporaiure
because of liquefastion dus te temperature aloms. Besause of
the different iacubation temperature, results entirely somparable
te the phage eape rimenis wore not ebdained.

Tests to0 dotermine the degree of inastivaticon of the enzymes
wore performed by transferring oue leepful eof eash mixture io &
golatin plate and inoubating these for three to six days. Four
day periods of insudation vere made, before taking the final reading
of results, whero possible. The latier period was found to be
necessary to insure plenty of time for enzyme aotion in all instances.
Resulis were also more reliable and easier te read than vhen
resorting to shorter insubation periocds. A tene-penny nail was
provided to prepare the loop on the imosulating needle for making
all transfers of materials Provisionm was thereby made for
uniformity in the work. Meuns of providing entire uniformlty
in the matter of transferring equal quantities of enzyms mixtures
was very difficult. Data were noi regorded unless the ensyme
esentrol had produced a defimite concave area in the gelatin. 4
single leopful of dye alons and one of plain droth were added te

easch plate as controls for purpeses of somparison in reading

results.
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Results of experimants in whieh & comdination of the divided
Plate and dye=filtrate inhidbiting selutions were employed are shown
in Table X The proper dilutions of dye for the solutions had
not yet been founde It may be moted that higher consentirations
of dye were used than that used with the bacteriophages. The
difference in tomperature of insubation should not be disrsgarded

here but will be taken up elsewhere im the disouesions
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TARLE X.
Results obtainad with a combination of divided plate and

testetube methodo. Inmsubation temperature 20%C.

Organism Gram Tubes after 42 hours ~ Divided plates
inhidbitive action -

. of dye GContrel  Conesn. of dye Qentrel

1-800 1-8000 12200 1400
R2 - <] 0 Liq. 50 25 Liq.
38 - 90 50 ” 25 25 °
44 + 100 90 . 75 25 .
| 39 ¥ - 50 50 .
A2 ¢ 100 90 . 15 2 ®
s 8 - 15 50 . 95 %0 »
A6 * 100 90 i 50 25 .
Meg + » 25 . 25 0 .
A4 + 25 0 e 0 0 "
AS + 100 15 . 25 25 .
Trypein 23 0 . 25 25 *

Legend: same as for Table IX
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Pivided plates in the adove tadble reversed the selestive
agtion for the twe groups of ensymes, confirming the previous
findings, that muoh variation in results was obtained by empleying
suoh a method of procedure. lany trial experiments were rum before
finally reaching the above sonclusion. Directly opposite resulis
weres obtained when the dye was mixed with the filtrates and insudbated
for 42 hours before testing fer active ensyme. Vithout exception
the ensymes from Gram-positive bacteria were insstivated dy dilutiens
of gentian violet that did not inactivate the ensymes frex Gram-
negative organisms when using the latter type of test. The last
statement was made on a basis of greup reastions for there are
some individual exceptions which will be dissussed below.

Acid and alkali media were both employed in the next series
of work, the results of which are given in Teble XI. Divided

pPlates were omitted.
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TABLE X1

Results froem experiments after inhibitive astion of gentian

violot in acid and alkall 1liquid media for periode of ¢4ime showa.

Incudation temperature 20°C.

En- Gram Acid Medium Alkall Medium
syme Inhibiting time shown Inhibiting time shown
24 nre. 12 nrs. 24 nre. 72 nrs.
fren Gon. of dye @Son- Oan. of dye Gon-|Qon. of dye Gon= Oon.of dye Oon-
trol trol trol trol

Lﬂ L.gm l-ﬂ ;-!QQ 1 (3 - - oo )
AS ¢] 100 95 Liq. 200 50 Liq.i 100 200 Liqe 200 100 Ligqg.
R2 0 0 d 25 0 . 0 0 . 25 6 °
38 - 9% 15 hd S0 50 ® 7% 15 . % 15 *
A4 ¢ 9 75 * 100 200 * : 75 S0 * 25 so0 *
Rl | 350 15 ® (1] 0 g 0 1+ . 25 o -
A2 4/ 75 175 * 200 75 * |1200 00 * 200 200 *°
88 «{ 100 100 » 15 50 . 200 90 ® 100 100 Ll
A6 4| 100 350 * 200 15 . 50 S0 .
Mg 4175 50 ° 0 o *° 00 75 °

3 !
Re ¢ O o * 0 o ° o o * o 25 °*
R 6 «{ 100 15 - 25 [+) ” 0 0 .
Prod. = 00 5 " {10 75 * 100 175 °
Trypein] 175 50 . o 0 hd (¢] 0 . 50 o
bLig. 3 definite ligquefastion of gelatin.

Numerals indicate per cent inhibition of ensyme
action when compared to control whese no dye is

present.
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Table XI shows a very striking selestive action of gentian
violet upen the ensymes. In general the onsymes that were produced
by Gramepositive dasteria were inactivated by the dilusions of dye
used (1+400 and 1-800) while those prodused by Gramenegative organisms
were not. However, the division into twe groups on the basis of
the Oram reaction is not nearly so marked as it was with the bdacterio=
phages. Three definite exceptions (8 8, Prod., and R 4) and one
partial exception (3 8) occurred. Ensymes of the Gram-negative
basteria, 8 8 and Prod. were oompletely insctivated by tho 1-400
dilution of gentian violei and ensyme from J B was almost inactivated.
The ensyme from the Cramepositive bacterium, R 4 was not inhibited
ia the least ia the highest concentration of dye. A4ll the ensymes
produded by Grame-positive bacteria, except the R 4 mentioned, were
inactivated in the 1-400 dilution. There apprears to %o an ineone
sistensy in the asid medium for trypein. Trypein appeared to be
as resistant to the action of the dye in moet experimenis as any
of the bacterial emsymes. By caleuluting the total per sent in-
hibition as shown in the table, elightly more imhibition is recorded
for the alkaline mediumj but if the ones omitted from the data were
takon into nocoun£. the acid eide would probably show a 1little
higher figure. The differeuse is so slight that 1t is not safe
te say which reaction is more favorable for inactivatioa of the
ensymes. A very desided differemce was noted in the umount of

liquefaction that was prodused by the various ensymes upon the
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tve kinds (acid, alkali) of media, the alkaline medium being the
more favorable. Especially did those produced dy Gramenegative
bacteria exhidbit a much greater liquefaotion on the alkaline side
of noutrality. The pH range at which the latter ensymes would work
was alse larger. Ensymes from the Gramepositive dacteria failed
t¢ function in & medium as high in acid content as the ensymes frea
the Gramenegative organisms.

3¢t should be remembered that the numersls in the tables
represent the degree of inhidbitien when sompared to the sontrol
of the same ensyme and not e any of the others. PFor example
fifty per cent inhibition in each of two ansymes does net mean
that corresponding tests of the two show the same amount of liquefastion;-
but, en the eontrary, ons may show twice as mush liquefastion |
as the other.

Table X1l shows the results fer the same type of test
u-tho previeus one, except the concentrations of gentian violet
were doudbled. One can see at a glance that the results are similar

te those shown defore but inhlbtﬂn action was a little more

prencunsed.
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TABLE XI1I

Results from experiments after inhibitive action of gentian

violet in acid and alkali media for periode of time shown. Incubation

temperature 20°C.
Bne Grem Ao id Medium Alkall Medium
syme Inhidbiting time shownm Innibiting time shown
from Gon. o%on— Con. %‘Oom Gon. o%ono Gom%%%%‘dou.

trol trol trol trol

A5 ¢ 100 100 Ligq. 100 100 Liq.] 100 100 Miq. 100 100 1Ligq.
R2 - 28 25 ¢ 50 25 ¢ 0 0 . 25 C »
38 = 56 25 * 15 50 * ! 100 50 * 100 100 *
44 4 100 100 * 100 00 * 100 100 * 100 100 .
Rl - 0 c * 25 o * 25 0 . 25 0 d
A2 ¢ 100 100 * 200 100 * 100 1100 ® 200 200 .
88 -/ 100 75 ® 100 100 * 90 175 * 100 100 *
Aé ¢ 90 7% *® 100 100 °* | 100 75 * 100 100 *
Meg. ¢ 100 100 * 100 100 * 90 175 ® 100 100 hd |
as ¢ 25 2% " 25 o o o * o o *
Ré6 = 7% %0 * 50 50 ° 25 0 . 50 25 .
Pred.» 00 100 * 2100 100 * % a5 ® 100 100 .
Trypeih o o * 25 a5 * o o * 25 o *

Lige ¥ definite

liquefaction of gelatin.

Numerals indicate per cent inhibition eof
ensyme action when cempared to comtrol

where no dye ie

present.
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These data indicate a division of the onsymes as in the other
oxperiments but the higher concentratione of gentian vielet
inoreased the degree of inhidition of 1iquefastion. Phree
onsymes, A 4, A 2, and A 5, secreoted by Gramepositive bacteria
wore lpnotlvatod in all the tests and the others in this group
materially reduced in activiiy oxcept the R 4 whieh again was
only slightly affested. Golatinases from the Gramenegative
dbaoteria, 3 8, 8 8, and Prod. wore inastivated in sthe 1-200
dilution of dye after the incubation period had been extended
te 72 hours in the alkaline medium. Taken as a whole there was
@ little more inhiditien produced in the acid medium. Trypsin
vas little affeeted.

DISCUSSION

In goeneral the bacterial ensymes fell inte two groups when
considered on the same basis as the bdacteriophages. The ensymes
seoreted by Gramepositive bacteria were inactivated by concentrations
of goentian vioclet that did not affest to the same degree the
ensymes from Grnn-ncgatlvé bacteria. Four exceptions to the rule
were found, three on the Gramenegative side and one on the Gram-
positive in which the epposite reaction took place. No sueh
exceptions were found with the bacteriophages. The results
suggest a olose relationship detween the bacteria and their
respective (productst) enzymes or bacteriophages. Higber eone
centrations of dye were required te inactivate the ensymes|

but perhaps the difference im incubation temperature would ascount
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for the differense, in part at least. This is & point that should
be substantiated or disproved by further experimentation. Wnile
no spesial study was made, it wans observed that the bmcteria and
their ensymes sould he similarly grouped with referense to their
reactions %o hydregen ion consentrztions, the Gram«pssitives
being more readily inhibited by the higher cencentration of
hydrogen ions.

Divided plate methods were found unsatisfactory for the
ensyme work as was true with the phage experimenis. Similar
mothods of pProcedure wore employed in each inetanse. The agent
to ke inartivatod was incubated in high econcentrations of dye
in plain droth for varying lengths of time before astusl tests
were nmade to determine the extont ef inmhibdbition odtained. It
is prodable that the ensymes catelyeéd hydrelytic procecses om
the dye plates before inuwotivation ¢ould bse acsemplished and
this may account for the unsatisfaotory results on the plates.
Thio was not the onse with the phage werk for hers the bacteria
were inhidited im growth veferc the lytic ageats were.

Evidence has been given to show that filterable forms of
the bacteria may be produced in culiures Shree or four days old.
£f the same baotorial cultures were fllteresd while yourng, ne
"contaminations® ossurred. The bacteriophage experiments gave
litsle, if any, evidense of filterable formsj alwost iunvariably
the filtrates remained sterile fer perieds of time up 40 three

yoars. However, the potency of the ensymes was rapidly lest in
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alkaline media whilo thet of the phiges was not, evea though
ite virulence deeds graduhlly desrease. One race of ¢oliephage
%hat has been kept in the iceebox in a liquid synthe tie medium
was found astive after about two and oneehalf years. Some of
the basterisl enzymes lost their ability te liquefy gelatin after
repaining in plain brotn (pH 7.6) in the lceebox for a few weeks.

No attempt was made to keop a definite pH feor the ensymes
on the acid side becauso of reversion to the alkaline reacties
due to the hydrolysis. The filtrute wac made meid (phenol red
and litnus used) before mixing with the dye for inastivation.
Orgenlams were grown on the slkaline (pH 7.8 medis and ro ade
Justment made for these filtrates. They no doubt remained decidedly
alkaline in reaction. Ia faot trial tests were made to confirm
this hypethesise The PH range at which the ensymees worked was
rathoer wide although the alkalino media wvas moro favorable for
their action. Ensymes secreted dy Gramencgative daoteria worked
over a wider range of hydrogen ior concentration than did those
produced by Oramepositive basteria. Tha trypsinelike nature
of the bacterial ensymes is suggested by the fast that they
actively liquefy geletin en either asid or alkaline medium as
the trypein did. Trypsin compared very favoradly with the
ensymes from the Gramenegative organisme in ite reasstions teo
the gentian violet. Pepsin ceuld not be used bacause it was

finastive in the pH range required by the other ensymes.
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CONGLUSIONS

A.s0lective astion of gontian violet on susymes similar te
that found for bacteriophzges huc been demonstruted.

llg?or eonsentrutlons of dye were employed (o effeet insge
tlvailehﬂot the ensymee than with the phagea.

Under the conditions of the experiment, the ensymes (in
goeneral) 4hat wers secroted by Gramepositive baoteria were inece
tivated by dilutions of dye that only partially inhibited thowe
produeed by Cramencgative buosterla.

Pour exceptions to the above rule were observed, three on
the Granm=negative and one on the Gramepositive vide in whieh
the opposite recotion occurrede.

An incudetion gemperuture of 20°0C was found satisfaotory

for the work with encymese.

The evidense indicates that filteradle forms of bacteria
were encountered.

The p¥ rangs is rather side for the bacterial ensymes, in-
sluding both acid and alkaline reactions.

Bvidense of tho trypsin=like nature of the bacterial ensymes
has been given.

Trypsin exhibited properties, with referense te dye, similar
48 the basterial golutinasos from Gramencgutive basterla.

The divided=plute method of otudy was found unsatisfactory.

Pepsin could not be employed in this investigation decause
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of the high pH used.
Oranepositive bacteria and thelr enzymes were inhidited teo
a greater degree in a low pPH than the Gramenegative.
A larger quantity o.t' material was liquefied in alkaline

medium by the eniymes.
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GENERAL DISCUSBSION

The data show that the hacteriophages fall into twe groups,
when elaseified by their reastions to certain shemical substances
and envirenmental conditions. The divieion on the one hand ine
sludes kll these lytiec agonte whioh are developed at the expense
of Gramenegative bacteria while on the other hand we find those
prineiples which are devoleped at the expoense of Gramepositive
ergenisme. Oryetal violet, gentian violet, phencl, and sodium
hyéroxide when used in the proper consontrations and under the
proper experimental conditiens will bring about the inhibition
of the phages which lyse Grem=positive beoteria while those that
are lytic fer Gramenegetive organisms are not made inactive.

8inilarly beeterial ensymes have fallen into two groups
with referense to the Gramereection of the respective bacteria.
However, gentien vioclet was the only substance tested against
the enzymes. It was observed that the ensymes cam be similarly
groured with respsst te dheir reacticns toward hydrogen jom
consontrations, the ensymes that were preduced by Gramepositive
bacterie being more unfavorably influenced by the lower PH values.
Apparently grenter quantities of gelatin were hydrolysed by the
rem~negative dacteria in either anid er alkaline

ensynes from @

mediume In the twe experimente runm, the ensymes prodused by

Crar=positive bactoria soomed to lese their potensy more rapidly

at room temperature (kn alkelire med ium) than did the ensymes
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of the other group. This may be an apparent rather than a real
less because, acoording to Wakeman and Davis, the greater the maximal
onsyme centeat of a culture the lenger will the ensyme remain
astive. It, also, 1s possible that this may explain the greater
hydrolyﬂo prepertios of the Gramenegative group. Granting that
the latter 1s trus, there would still be a differense in the

twe gnupo in that greater quantities of ensymes were more easily
obtained from Gram=negative bacteria. The quantity of ensymes
present may be a factor im the results with gentian violet,
@inee all the ensymes seomed to be inhidbited to seme oxtent.
Gertainly this does not aseount for all the selestive action
observed. The Ashromobester ensyme was the most active of any
and it liguefied greater quantitiee of gelating yet it was
inhibited mueh more than several of the others im the experiments
performed.

Thad the bacteria themselves can be grouped into groups
aceording to their staining reactions is well known. Not only
ean bthe baoteria de grouped inte one of two groups by the Gram
staian but aleo by their reactions teo various other substances.
For example, Churchman (1928) liste twentyetwo different ways
in whieh the Oram-nmegative dacteria reast differently frem the
Cran~-pogitive. The rule oan not be applied in a hard and fast
manner for exeeptions on either side are found. However, the

same thing was found te be true of the ensymes.
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8inde the bdacteria and thelr respective onsymes and bacterio~
Phages can be similurly grouped relative to their reactions te
various reagents, it weuld not seem ontirely out of place te
assume that there may be some chemical relationship between the
dbaoteria dnd their respective phages. There is ne question
about there deing a definite relationship existirg between the
beoteria and the omsymes. Churchman (1928) states, in speaking
of the Gram reaction, that on the whole, the tendensy is te
emphasise the chemical rather than the phpeical facteors of this
reaction. Poseibly this lends some support to the assumption
just made, providing the bacteriophage is a metabolic product
of the bacteria. The experimental evidence in this work and
that of many others supports this view.

The b'phage may be an ensyme or an ensyme-like substanse
as many werkors (Davisen 1922, Kutluer 1925, Weiss and Armeld
1924) have suggested. Psrhaps it is a catalase or catalase=
1ike substanse. The phage has many preperties in common with
ensymes, and a few in particular with the ensyme, catalase.
Properties of special importance are that both ocatalyse reactiens
in one direstion (mainly so, at least) and ia both cases definite
chemical substances are formed. 3Specificity might Dde mentioned
as another important property of the twe ==« they ast on material
of a definite chemical mature and eause the produstion of definite

chemical substances. It is true that the d'phage acts upon a
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more complex substance but se de ensyxes in general. Vhile
¢atalase reacts with N202 to form H,0 and 02, 14 is no¥ unreasenabdle
to assume that the phage reacts with the baoterial sell and
Sauses & spesific ohemical change in which a substanse identical
to the catalyssr is produced. We kmow that ensymes in general
bring about (or as least eatalyse) speeific ohanges in the sube
strate. Different ensymes acting on the same sudbstrate will
oause the production of different split products, e.g. symase
splits glucose to form two moleculee each of aloohel and oardon
dloxide, but lactaoidase splits glucose to form two molesules
of lactic acid (Buchanan 1915). Even though these may net
$llustrate all the eteps involved, the above named substances
are nevertheless always formed. The observation that each of
two races of b'phage acting on the same strain of bacteria and
causing the producstion of more of the lytic agent 4e¢ identical
in every reepect to the ons used, dut different from the other
in all respects in whieh the two differed to begin with, ceuld
be explained on the above dasis. The main difference in eaoch
case being that a substance identical to the catalyser was deing
formed in bacferiophagy, but with the ensymes new subetanses
were produced. Thus an explamation of the faot that coliel
phage and coli-2 phage, both of wvhich were developed at the expense
of the same organiem, exhibited several distinctly different
properties might be given. The few differences that might de

mentioned between the ensymes and the b'phage need not invalidate

such conclusions because ensymes themselves differ in many



103.

respeois. Vaksman states that proteases of plants are distinetly
different in their action from the proteases of misro«organisms

and it has been found that the proteaces of the various spesies

of dasteria may differ markedly from one another in their properties.

The author has attempted throughout this investigation to
find a dividing line between phages and ensymes of Gramenegative
saeteria and those of Gramepositive organisme, whioh in general
has bsen done.

Stating an hypethesis on the meshaniem of inhibition of
the varisus substances is unvarranted by the data of this experi-
sent for the following roanon-;:flr-t. the limited knowledge
of the chemical reastions of dyej and sesond, the chemlcal

somposition of the materials used im this investigation is un~

known.
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GENERAL CONOLUSIONS

A seleetive phagiostatic action of oryetal violet, gentian
violed, brilliant green, phenol, and sodium hydroxide on bacterio~
Phages tested hes heen demonstrated; and the results suggest
that there 1s a correlation between the selective action of
erystal violet, gentian violat, and phenol on bacteria and Bheir
respective phages.

A sinilar selective action was found to ebtain for bacterial
onsynes when gentian vioclet was employed as the inhibiting agent.

Bvidence has been cited whioh suggests a close relationship
between the bacteria and their respective bacteriophages.

High consenteations of the disinfectants were required
$0 offect inhidition of the phagee and enzymes =« higher for the
ensymes than for the phages under the experimental conditions.
Higher coneentrations of phenol and sodium hydroxide were re-
quired than for the violet dyes in the phage experiments.

A high dilution of the primary disinfestant solutions
(inhibiting dilutions) te the point where there would be ne
inhibition of basterial growth was a requisite in demonstrating
the sotivity or inastivity of the lytie prinsiples after each
period of inmsubation. However, & higher dilution of the dyes
was necessary for this purpose than whes phenol and sodium
hydroxide were used.

Under the conditions of the experiment, the phages that

lysed Gramepositive bacteria were somple tely inhibited by
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sonsontrations of srystal violet, gentian vielet, Phenel, and
sodium hydrexide which did not appear to diminish the activity
of the phages that lysed Gramenegative bacteria.

Similarly, ensymes from Gramepositive bscteria were in
goeneral inastivated by dilutions of gentian vielet that did
not prevent hydrolysie of gelatin by ensymee from the Gram~
negative group of bacteria.

The group of ensymes from Gram-positive bacteria do not
function so well in media with a low pH as do those from Grame
negative daoteria. The former alse appeared to be more un-
favorably influenced at room temperature than the latter.

The ensymes from Gram=negative bacteria exhidbited greater
hydrolytic preperties.

The inhibitive property of drilllant green was extremely
variadle when compared with that of the othor disinfestants,
but nevertheless distinct with one phage of the colon bacillue
in particular.

Twelve bacterial ensymes, six from Grame-negative dacteria
and eix from Oram~positive organiexe, were employed im this work.

Trypsin of animal erigin was also insluded in the ensyme
experiments. It compared faverably with the more resistant group
(oramenegative) of ensymes in its reactions toward gentian violet.

Twelve bacteriophages, five that lysed Gramepositive
bacteria and seven that lysed Gram-negative basteria, wers tested

in this investigation.
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