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INTRODUCTION

The cultures commonly used in thse manufacture of butter, chesse
and cultured milk occasionally suffer s decreagse in vitality with an
attendant increase in the time required for the development of the deosired
flavor, aroma and acidity. Such cultures are commonly designated as "slow'.
If the culture fails to produce the desired change in the usual period of
time, the normal ssquence of plant operations ig disrupted, resulting in
gserious loss of man- and equipment-hours. The longer periods of incuba-
tion necessary to obtain the desired acidity when a slow dulture is
encountersed frequently permit the development of defscts which would
normally be restricted or prevented by the rapid development of the cul~
ture organisms., These defects may involve the body, texture, flavor and
sroms of the finished product and, in some cases, the quality of the
product may be so affected as to make it unsgaleable.

Slow cultures are undoubtedly the result of a variety of con-
ditions., In many cases the slow development of acid and flavor ie caused
by unsatisfactory methods of handling the cultures, which result in
improper ripening or in contamination by extraneous orgenisms. Careful
examination of the cultures and of the methods used in their propagation
will usually reveal the cau?e of difficulties of thig type without the
expsnditure of any congiderable amount of time and effort. Imn other
cases, even very careful study does not reveal the csuse of the delayed
acid production by the cul tures, and more ssarching methods of investiga-
tion must be usged.

Certain glow cultures are charactsrized by the very sudden or
explosive manner in which they appear. Although a culture may bs normal

in a1l visible respscts and coagulate in the normel period of time, &
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transfer from it may require a ripening period of several hours greater

duration than is ususl. This type of delayed &acid production is
espscially characteristic of situations in which large quantities of
culture are ripensd in one container in the plant, but the same pheno-
manon occurs ococasionally in the laboratory among the mother cul turas
which are being cerried in smell bottles or flaeks.

Recent studies of various investigators have shown that in some
ingtances the ocsusative agent of the slow coagulation appearing suddenly

in cultures is appaerently en ultrafiltersble principle.
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STATEMERT OF THE PROBLEM

The purposs of the studies reported herein was to isolate
and characterige the ultrafiltersble principle having an inhibitory
effect upon the development of acidity by butter cultures and to study
the relationghips between the principle and tlie organisms character-
istically found in butter cultures. Tor the sske of convenience,
three subdivisions of the prodlem have been recognized, as follows:

Part 1. The inhiditory principle and ite action upon the

organisms which occur in butter cultures.

Part 2. The effect of chomical and physicel agente upon

the inhibitory principle.

Part 3. The charecteristice of the senaitive and non-

sensitive strains of Streptococcus lactis.
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HISTORICAL

Genseral observationg on slow butter cultures and slow

cultures of Streptococcus lactie

The literature contains fregquent references to the slow develop~
ment of acid by butter cultures. In 1915 Singleton (133) recommended the
frequent replacement of o0ld cultures with new ones, since cultures carried
in the plant tended to becoms slow and require the use of excesgive inocula.

¥hitehead end Cox (llm) suggested a method for the investigation
of the vitality of various starters by comparing the acidities dsveloped
in whey obtained by & msthod simmlating, to some extent, the process used
in the mamfactare of cheddar cheese. They pointed out that the test was
merely a comparison between starters, but that it will usually detect
slow butter cultures except those of the typs characterized by a marked
loes of vitelity during the couwrse of a single ¢ransfer. “Bon-acid" milk
could also be detected by this method, & normal starter being used to test
8 ssriea of sauples of wmilk,

A procedure for the detection of stralns of lactic acid strepto-
coccl to be ugsd in the making of cheess cultures has been devised by
Whiteheoad and Cox (149). They pointed out that, since the curd is
hoated to 37° to 395 C. during the mamufacturing process, the organiems
used should be capsble of producing a good clot at 37° C, as well as at
21° C, This method of sglection proved satisfactory in the majority of
cases, although some of the cultures chossn for their ability to grow
at 37° C, wonld, upon coccasion, guddenly become slow when put into use
in the plant, the explosive type of slow culture resulting.

| Kelly (73) found that there was soms variation among starters

with respect to their ability to grow in milk from & given source, Using

one group of six butter cultures he obtained flat and yeasty cultures with



milk from one supply, while other 9butter cultures developed satisfactorily
in milk from the eame source. Using a second millk supply, the first group
of cultures developed normally.

Moir (114) pointed out that there was considerable variation zmong

the straine of Streptococcus lectis and Streptogoccug oremoris in their
ebility to develop acid in a glven supply of milk,

The milk eubpiratum an s cense of slow

butter cul tures

Many of the early investigations of slow butter cultures wers
concerned with the influence of the millk upon the cosgulation time of the
cultures being studied. Beker and Hammer (7) found that milk oconteining =
relatively high percentage of total solids tended to give cultures with
comparatively high total acidities, although there were numerous exceptions
to this genersal rule. As would be expscted, less variation in acid produc-
tion was found between lots of mixed herd milk than between lots of milk
from individual animasls, There wasg no parallelism between the amounts of
acid developed in the butter cultures studied and the flavor scores of the
individual cultures., Cultures made with normal milk were superior to those
carried in normal milk to which milk ash, lactoss, oream or wabter had besn
added. Theose workers concluded that there might be a noticeable difference
between the scores of cultures made from various lots of milk with the same
source of inoculum,

Kmdsen and Sdrengen (80) reported an instance in which the milk
from a normal cow permitted only a definitely subnormal acid production
by several straina of Streptococcug cremorig. Other strains of the same
species produced a normsl fermsntation in the milk. Strains of orgzaniems

showing a normal acid production appeared as typicel streptococci when
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grown in the milk in question, but the abnormal strains showed a tendency

towvard rod and swelled forms in the atypical milk, a=lthough they appeared
normel when grown in milk from other sources. The reduction in acid for-
mation was not dus to a lack of buffering action, since normal milk gave
the wsual amount of acid production when diluted with water to meke the
buffering action and nitrogen content the same as that of the abnormal
milk, The feed of the cow was not a factor, since her stall mates all
produced normel milk. The addition of bdlood serum to the sbnormal milk
had no effect, but the addition of 0,005 per cent of yeast sutolysate,

ong per cent of hydrolyzed casein or § to 10 per cent of spimach juice
mede the milk suitable for the growth of these sensitive organiasms which
indicates a possible lack of some food mcoessory 1ﬁ the milk, Ons organiasm
showed this characteristic of eensitivity with 8 out of 20 milk samples
from different mources, while other lactic acid orgeniasms showed a similar
behavior but to a lesser daegree.

Eoudsen and SBrensen (81) noted that some milk was not as good
as other milk for ths growth of Streptococcus, apparently becamse the
high bactericidal effect prevents the growth of other organisms and thus
reduces the nitrogen supply for the culture organisms, Aseptically drawn
milk was al g0 congidered poor becsige there had been no chance for the
growth of proteolyzing bacteria. Streptococens cultures were found to
very in their abilities to grow under the hypothesized condition of lack
" of protein, The same strains that were inhibited by raw milk were also
inhibited by blood gserum, and the inhibitory effect of both substances
was removed by steriliszation, The sction of the serum was removed by
heating to 63° C. for one hour., In a second article (82), the addition
of emtoiyzed yeast, milk digested by molds, hydrolyzed milk or one of

geveral similar sources of nitrogen, overcame the unfavorable effects of
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the milk which previously had not satisfactorily supported the growth of

Streptococcus cremoris,

Enudsen (79) stated that variations might occur between sub-
cultures of the aame butter culture grown in different lots of milk, thase
variations being especially characteristic of the milk from individual
cows, although pasteurized milk from a mumber of different herds might
show this difference also., Sometimes the culture was ussless the first
time it was grown in ebnormal milk of this type, but ordinarily the
deficiency only became gvident after 2 or 3 serisl trangfers. Kmdsen
pointed out that an abnormally low solids content might cause difficulty
due to slow coagulation beceuse of the decreased acid production which
might occur,

Moir (115) elso pointed out that milk with a low solids content
might be a cause of difficulty in starter management. He recommended thes
use of a curd test, comparing several samples of milk by the use of one
active culture. When a herd had besn incriminated as a source of unsatis-
factory milk, he recommended that the test be made upon the individual
animels in the herd in order to eliminate those responsible for the defect
in the supply.

Harriman (64, 65) concluded that the source of the milk for the
carrying of butter cultures, whether from individual cows or variocus
heyds, had no significent effect upon the coagulation time of butter cul-
tures or of pure cultures of Streptococcus lectis uged for teating purposnes.

Whitehead and Cox (1U46) stated that "the rates of acid produc-
tion in the rennet curds prepared from the millkts of individual healthy
cows varied to a significant extent from animal to animsl and from day to
day": milk with high solids gave slower acid development but higher final
acidity.
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Milk from cattle suffering from mastitis has frequently been

incriminated as one of the more important ceunses of slow butter cultures,

" Leitch (93, 94) pointed out that milk from cows suffering from mastitis
could be inhibitory in very smell amounts; a Oase was c¢ited in which cns
rint of mastitis milk in 120 gallons of normal milk proved %o be inhibi-
tory, He stated that suéh milk might cause a culturs to lose vigor very
rapidly, one transfer upon such & substrate frequently having a lasting

ill effect. Under some conditions, the uwse of 1.5 to 2 per cent of starter
instead of the customary 0.25 to 1 per cent may help considerably in bring-
ing sbout a normsl development of acid in the cheese curd. Pure butter

cul tures were usuelly more gensitive than were cultures containing con-
taminanta, but the riek of using impure starters was considered %0 mors
than offget any advantage arising beceuss of increased resistance.

Moir stated (114, 115) that mastitis among the members of the
herd supplying starter milk or cheese milk might frequently bel the cause
of slow cultures for cheese making, and Davis (32) also listed mastitis
milk as a canse of this difficulty and pointed out that only fractional
percentagens of such milk might have & detrimental effect. Davis recom-
mended testing the milk supply at frequent intervais with brom cresol
purple paper for the purpose of detecting abnormal supplies.

Whitehead and Cox (146) observed that 5 million or more body cells
per milliliter of rew mllk inhibited the growth of lactic acld cultures,
probably through phagocytosis. The inhibitory action was prevented by
heating to 49° to 52° 0. for 30 seconds. Ths cows producing milk of this
type frequently were not recent sufferers from magtitis. In milk in
which the mumber of body cells éid not exceed one million, the a&cid devel-
opment was usually greater when the number of cells preaent approached one

million, poasibly because of a stimulating substance whose sccretion was



governad by the same factors which governed the presence of celle and

which wag stable at a temperature of 63° C. for 30 mimtes.

The germicidgl yproperty of mille

The pressnce of a germicidal mubstance in most samples of
freghly drawn milk ia now definitely recognized by most of the workers
in the field of dairy bacteriology. Heineman and Glenn (67) concluded
that Streptococous lacticua ehowed no lag phase caased by the germicidal
property of milk, but increased from the time of inooculation if a culture
in a state of active growth was used, The growth of the organism was
progressively more rapid when the milk had been heated to 56°, 75° end
100° C. and then cooled prior to inoculation. Shermen and Curran (132),
using fresh milk kept at 37® C. in a water bath and sterilized milk
incubated at 37° 0. together with 3 hour cultures of Streptococcus lactis
in the logarithmic growth phass, reached the conclusion that there was
no lag phass in the gterile milk but that there was usually & lag phase
of sbout half an hour in the raw milk, rapid growth following this period.

Leitch (93) believed that slow-working curds in cheese makiug
were usually not due to the bastericidal action of normal fresh milk.

Hammer and Baker (62) found that the heating of milk to 160° F,
(71.1° 0,) or above instead of the usual 145° F, (62.8° C.) for 30 mimtes
congiderably reduced the time reguired for the cesgulation of & culture
carried in the milk; the difference amounted to 6 or & hours in extreme
cages, The use of 150° F, (65.5° C.) instead of 145° F. (62.8° C.)
regulted in a smaller but frequently considerable reduction in the time
required for coagulation, the speed of coagulation at 150° F. (65.5° C.)
being somewhat less than that at 160° F. (71.1° C,) or 180° P, (82.2° 0.).

They suggested that this effect might have been dus to the destruction
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within this range of the germicidal properties of milk. Possibly this

phenomenon could be partially explained by the slight hydrolysis of lac-
tose and protein which tekes place at the higher temperatures and provides
the organiems with a more readily available food supply.

Pasteurization at 71° C. for 30 minutes with culturs milk was
as satisfactory as heating at 82° C, for the same period, according to
the data of Farmer and Hemmer (45), They found that 6 of the 8 butter
cultures studlied by them were delayed in thelr development of acidity
vhen grown in raw milk or milk pasteurized at either 62.,5° C. or 68° C,
for 30 minutes. Two of thess cultures failed to coasgulate raw milk even
after very extended holding periods. Their results were consldered to
indicate that thers were considerable differences beotween the abilities
of butter cultures to withastand the germicidel property of milk,

Harrimen (64, 65) found that pasteurization at 82° C. instead
of 63° C, for 30 minutes reduced the coagulation time with butter cultures
as much as 6 hours, although the reduction wes much less in most cases.

Apparently the gormicidal charasteristic of milk seldom has
sufflcient effect upon the growth of Streptococcus lectis to cause charac-
teristic slow acid development by that organism or by butter cultures con-
taining Streptococous lactis. With the present methods of culture prope~
gation, the temperatures used for pasteurization of the milk would seem
to be sufficiently high to c¢csmss ths inastivation of any inhibitory

principle of the usual germicidal nature.

The effect of contaminating orgeniems in butter cultures

upon the rate of acid formation
Fumerous studies have been made on the sffect of contaminating

organisma in the cultures or in the milk upon the rate of coagulation of

butter cultures, and special attention has bBeen given to their possible
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relationghip to slow cultures, Occasional butter cultures, which were of

vory satisfactory quelity but which contained contaminating organianms,
gometimes in considerable mumbers, have been reported by Farmer and Hemmer
(U5).

Beker and Hemmer (7) concluded that contsminating organisms resist-
ing pasteurization were apparently not factors in determining the quelity of
starters under the usual conditions encountered in practice, since there was
no correlation between the score of the milk used and the score of the
starter grown in the milk,

According to Leitch (93, 94), slow-working curds were wsually not
due to aontamineting orgenisms; Bacillug subtilig and Bacterium coli, two
of the common conteminants; were mentioned speoifically as belng without
effect upon the speed of cosgulatlons

Horriman (64, 65) found that 6 unidentified cultures of bacteria
from raw milk had no significant restraining sffect upon the lactic fermen-
$ation. Contamination from plant equipment was also demonstrated as not
being a factor under the circumastances of the experiments.

Moir (114) listed conteminating orgenisms which might restrain
the lactic acid bacteria ms one of the csuges of slow starters but did not
mention any specisl group or individu.ai épecies which might have such an
effect.

Uping a series of gram negative organisme from milk, cow dung
and luman feces and two cultures from the National Type Collection (Bac-

torium lactis aerogenes and Bacterium acidi lactici), Whitshead (141) was

unable to observe any appreciable change in the aclid production of the
butter cultures into which these organisms were inoculated to test their
effeots, especially when an active butter oculture was used.

Cox and Whitehead (30) observed that Bacillus gubtilis as &
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contaminant in an otherwlse apparently good butter culture accelerated
acid production, whiles Becterium coll caused an increase in the smount of
acid formed in soms cases and a decrease in others. A Stephylococcua

hed a slightly stimlative effect, and Bacterium faecalis alcaligeneg
had no apprecisble effect.

At a later date Whitehead and Cox (145) studied the effect of

the presence of Bagterium lactis aesrogenes and two strains of Bacterium

coll communig in a culture of & single strain of Streptococcua cremoris
from a butter culture., Flasks inoculated at the ssme time wlth Strepto-
coccus cremorig end one of the two members of the colon group showed &
greater increass in emcidity than did the confrols., If the colon organism
was allowed %o grow at 30° C, for more than 16 hours besfore the inocula-

tion of the milk with Streptococcus cramoris, giving a count in the

lundreds of millions, the organism apparently produced soms substance
other than lactate and hydrogen ions which had a retarding effect upon
the lactic fermentation, The inhibitory substance was more or less heat
stabile, gurviving exposure to 75° C, for one hour. In practice, the
mmbers of colon organisms gufficient to have an inhibitory effect of
this type would almost never be encountered in milk.,

Morgen and Curle (116) reported a case in which numerous
subtilig-type organisms, probably gaining entrance to the milk as the
result of plant contemination since they did not appear in any quantity
in the milk from individusl shippers, seemed to be the cemse of the
“death? of a butter culture within 2 or 3 deys. Study in the laboratory
showed that slight contamination of active starters with thies organism
had no effect, bﬁt that, if the organiesm once obtained a firm foothold,
it would increase rapidly and the starter go 'dead® in 4 or H deys., The

eathors stated that Beoillus gubtilig organiems gradually increassd in



17
numbers until the starter appeared dsad; then there was a rapid decrease

in mumbers until Bacillus subtilis ssemed almost to have disappesred,

After the decrease in mumbers of spore forming bacilli, the Streptococcus

cremoris organiasms seemed $0 revive again and grow normally for a time,
although igolated rods still appeared. These workers stated that “factory
experience pointed to the probability that this was a regular cycle',
Several lots of "slow" milk from various localities were examined and,
with one exception, they were all contaminated to = fairly marked degree
with organismg of the subtilis type. When starters contaminated with thie
type of organism were used in the mamufacture of cheese, there was &
rapid development of acidlty while the curd was draining, followed dy a
retardation of acid production, The suthors pointed out that there is
another type of slow starter which, when used in cheese meking, is
charecterized by slow acid development throughout the entire mamfactur-
ing process.

Porcher and Lambert (122) found that Bacillus gubtilis inoculated
into milk in considerable mumbers & short time before the addition of
Streptococcus lactig favored acid snd curd formation, probably because of
protein degradation that favored the growth of the latter organisms, Under
these conditions, Streptococcus lamctis graduslly overgrew the bacilli,

Slow acid production, sometimeos in spesmodic outburste which
usually occurred during the warm months in ons out of 3 or 4 vats of milk
used for cheese msking, was traced by Whitehead and Riddet (151) to the
milk from one producer who was furnishing the factory with ebout 200
gallons of milk sach day. This milk was found to give almost no increase
in acidity with the factory culture, the evening milk being especislly
pronounced in thisg characteristic, A gram positive coccus, indistin-

guichable from the lactic streptococci, was found to be present in large



mmbers and further study shove%.gthat milk in which this organism had
gromn was inhibitory both when left ra;v and when pasteuriged following
the growth of the organiem in question; the inhibition was proportional
to the amount of growth of the Streptococcus. The inhibiting substance
produced during growth by this organism was quite heat stable, not being
destroyed by a temperature of 212° F, (100° C.) for 30 mimutess Four or
five days at 30° C. were required for the orgaenism to cosgulate millk,

the resulting curd being of the normel lactic acid type. The only satis-
factory means of control was to keep the infected milk so cold that the
organism could not grow.

Whitehead (142) reported observing a sample of milk which
allowed normal lactic fermentation when in the raw state but which would
not cosgulate with the ssme culture after pasteurization at 145° ¥,
(62.8° C,) for 30 mimutes. By plating this milk on yeast whey agar, an

organism was 1solated which differed from Streptococcusg cremorig only in

its ebility to prevent milk coagulation after growth and subsequent
pagteurization followed by the addition of a starter. Even when the
organism was present in mambers approximating 200 million per milliliter,
it caused no difficulty if the milk remeained unpassteurized. Bacterium
©coli and Bacillung gubtilis were not seneitive toward the lmhibdbitory
principle. Milk which would not reduce methyleme blue in 4 or § hours
did not contain sufficient mumbers of this orgenism to be dangerous in
the chease factory.

Furthar studies on two streptococeil which produced substances
inhibitory to Streptococcus cremorisg were reported by Whitshead (143) who
found that they were both lactic acid streptococci that produced 4 lactic
acid and grew'only very slowly in the sbsence of a fermentable carbohydrate.

The ability of each organism to ferment & variety of test substances was
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determined. By following the growth end acid development of lactic acid

organismg in milk in which these streptococci had grown, their action was
shown to be Inhibitory rather than bactericidal. One inhibitory principle,
which required heating to activate it, was not astable at pH 8 and waa

merkedly inhibitory against Lactobacillug acidophilus, while the other

inhibitory principle, which did nmot regqnire heating fer activation, did
not inhibit Lestobacillus acidophilus. The organisms producing these
inhibitory substances had remaeined stable in this characteristic for 4
and 7 months, respectively, at the time the report was written.

Cox (29) outlined a procedure for detecting “non-acid® milk,
especially that cauneed by ths growth of organisms producing inhibitory
substances. He recommended pasteurigation of 2 20 ml., sample at 145° F,
(62.8° 0,) for 10 or 15 mimutes, followed by cooling to 37° €. Three
drops of starter end 1 ml. of methylens blue solution, as used for the
reduction test, were then added and the sample incubated at 37° C,.
Normal milk decolorized in 2,5 hours or less, while "non-acid® milk
refiuired & considerably longer period. The method was shown to be quite

sensitive in detecting milk undesireble for the manufacture of chsesse,

Exemples and studies of explosive $ype outbresks
of glow butter oultures
» Whitehaad and Wards (152) reported the case of a cheese fectory
which had difficulty in obtaining satiafactory curd formation with a
aorigs of cultures; all of these ceme from the Dairy Institute but had
been carried in the plant for various periods of time, some of them for
several montha. When the inoculum for a new 20 gallon cul ture was
obtained from a lot inoculatsd from the mother culturs into a 20 gallon

can of Apasteurized milk, the culture freduently failed, usually in the

gecond generation grown in the large coantainers. V¥hen a 300 ml, normal
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mother culture was used each day as inoculum for the lerger batch of cul-

ture, a normal clot nearly always resulted. On two occasions, mother
cul tures transferred in 300 ml. quantities of milk pasteurigad by holding
in water at 200° ¥, (93.3° C,) for 30 mimitea failed gredually and were
replaced, As a result of this observation, the use of mother cultures
set in milk cooled without agitation in emall cotton-plugged flasks as
inocula for the large cultures was suggested as a partial remedy for slow
cul tures of the type experienced in the plant in queation,

Another repld-type oulbresk of slow starter was exhaustively
studied by Whitehesd and Cox (147). They found that a transfer from an
apparently normasl oulture grown in ths plant regquired 3 days at 20° C. to
coagulate, while & culture from the same source of inoculum grew normally
in the laboratory. A culture carried in the plent in a metal can holding
3 gallons of milk was slow after the second transfer, while one inoculated
from the sams mother culture into a gellon of milk in a flask gave a normal
gubcul ture, both batches of milk having been pasteurized by immersion in
water at 200° ¥, (93.3° C,) for one hour, The 2 cultures were indistin-
guishable by any oriterion other than their activity on the following
tranefer, If 200 ml, :’quantities of milk pasteurized by the method outlined
ebove were placed in beskers and inoculated with 6 different cultures, as
meny as three of the six might be Qlow. Further suboultures of the selow
atarters were slso slow in bringing sbout coamgulation. Ths phenomsnon
ocourred in both raw and pasteurized milk, The temperature of pasteuriza~
%ion could be varied over a wide renge with no difference in the results
and the smount of inoculum did not appear to be significant. When flasks
were used instead of beskers, no inactive cultures were obtained.' Active
cultures stresked on agar and examined microscopically under low power

magnification showed about three~fourths smooth colonies and one-fourth
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rough colonies, while the growth from imactive cultures consisted almost

entirely of rough colonies, The smooth colonies could coagulats milk over
night at 20° C., while the rough type required 2 or 3 deys at 20° C, to
accomplish the game 113crease in scidity. If a seneitive pure strain of
the mmooth-type orgenism was used elone in the deaker experiments, the
phenomenon of slow acid production occurred in exaggerated form, some cul-
tures failing to coagulate at ‘all. All straing sensitive to the inhibitory
factor did not show the smooth type of colony and not g1l smooth strains
wers pensitive to the inhibitory factor. v"Any aeration of the milk after
pasteurigation, no metter what type of vessel was used, caused an inhibi-
tion of growth when & @ensitive strain of organism was being used, the
unagltated milk in a beaker being a border line case of ameration., After
the smooth etrains had been observed for sbout 3 wesks, they suddenly
became non-gensitive to the asration of the milk and remained that way for
more than 9 months. L The sams changs occurred sgimul taneous]_.sr in the mixed
cultures from which the smooth strains had been isolated, making completion
of the atudy impossidle at that time, The change in sensitivity was nod
correlated with any other apparent change. At & later date the old cul-
tures which had besn ingensitive regeined their sensitivity and a pure
culture of Streptococous oremoris ussd as a cheese starter exhibited the
same characteristics of sensitivity. Farther studies showed that agita-
tion of the milk in a vacuum did not render it inhibitory end that the
bubbling of hydrogen through the medium did not remove the inhibitory
properties conferrad by agitation in the presence of oxygen. This was
considered to indicate that the oxygen possibly entered into chemical
combination, although the milk could be made satisfactory for growth
following esration by means of a second pasteurization, with care to avoid

subgequent asration. The suthors concluded that the phenomenon wag appar-
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ently closely related to the oxidation-reduction reactions by which the

organisms gain their ensrgy for growth,

Other investigetors (118) have indicated that there might Ye a
correlation between rough or smooth colony type and acid production,
although they have not obtained sufficient data upon which to base definite
conclusions at the time of the preliminsary report.

In 1933, the Iowa Experiment Station (70) reported that the
addition of cultures which had cozgvlated very alowly to pasteurized or
sterilized milk frequently caused & considerasbls dslay in the coagulation
of the milk by normal butter cultures, The culfures which hed that affect
apparently contained a restraining agent that could be carried through a
gories of transfers. The restraining agent passed a bacteria-proof filter,
Microscopic and cul tural examinations show;d that the inhibitory filltrates
wers free from bacteria in the usnel form. The ective agent was destroyed
by boiling the filtrate in which it wes contained. '

Harriman (64, 65) made an exhsustive study of the explosive type
of slow butter culture and found that the growth of some freshly inoculated
butter cultures could be quite markedly restrainsd by the addition of cer-
tain other cultures, especially thoss which were slow or had heen grown
in large lots, Bacteria-free filtrates were obtained by preliminary fil-
tration of the coagulated culf:mrés through filter peper, followed by
filtration through a grede N Berkfeld ultrafilter. Using seven butter
cul tures and a culture of Streptococcus lactis as test cultures, 11 of the
19 filtrates from mother cultures and 22 of the 23 filtrates from large
lot butter cultures cansed rather wkad decreasss in the percentege of
acid formed by at least one culture after & 16 hour period of incubation,
indicating that large lot cultures were the more apt to yield inhibitory

filtraten. Filtrates which were shown to be inhibitory were obtained from



37 out of 42 slow cultures and froan? 16 out of 27 cultures coagulating in
the normal length of time, Since the different filtrates restrained
different nuﬁbers of the test cultures, the suggestion wans ﬁaﬂe that possidbly
different filtrates had different degrees of restraining ability and that
different culturea had varying abilities to resist the action of filtrates,
the inference being that resistance was & quantitative rather then a quali-
tative characteristio., Studies made upon the mumber of orgsnisms developing
in butter cultures retarded by the addition of filtrates revealed that the
plate counts after 16 hours of incabation of the butter cultures were low,
in ons case only 250,000 per ml. of culture., In three cases out of twelve
the only surviving organisms were S, citrovorous and §, paracitrovorous,
and in seversl other ceses the ratioc of the citric acid fermenting strepto-
cooci to Streptococcus lactis was abnormally high., The surviving Strepto-
coccus lactis astrains were normal in their ability to grow and coagulate
milk, the result being that after 24 hours the acidities and counta of ths
retarded startérs'usually approeched those of the controls to which no
filtrates had been added. Using Streptococcus lactis cultures and inhibi-
tory filtrates, counts under 500,000 per ml. were frequently obiained at
the 16 hour intervel when the check cultures, without added filtrate, gave
counts ranging from 219,000,000 te 1,750,000,000 per ml, Using 6 different
filtrates, a buﬁter oculture was cerried through seven transfers after the
addition of each filtrate, and in only one case did the culture fail to
roturn to normal by the end of the period; these results suggested that
artificially induced slow cultures might recover the abilitj to produce a
normal coagulum during en incubation period of the ususl duration. Further
study of the filtrates showed that in some cases a dilution of one part of
filtrate in 20,000 parts of milk had a marked inhibitory effect., In 2

cases & slight restraining effect was shown in a dilution of one to 20



24
million., Attempts to increase the activity of the filtrates by adding them

to butter cultures and recovering them after cosgulation were unsuccessful,
The inhibitory principle was found to be completely inactivated by heating
to 60° C. for § mimites in all but one case, and in that 30 minutes wers
required. Holding at 50° C, for 30 mimutes only reduced the "virulence"
of the filtrate and did not result in complete inactivation, KNo figures
for the pH level of these filtrates were given, but they were probably at
e pH olightly above 4.0, since all of the filtrates wers from acid-
coagulated starters., Ezxposure of the pasteurized starter milk to the air
in large eveporating dishes, either in ths bacterioclogy laboratory or in
the butter laboratory, increased the incidence of slowness, especially
when certain cultures were used. Blowing a stream of air, eithsr filtered
or unfiltered, through the pasteurized milk also caused slow acid produc-
fion with one starter. One starter never became slow following aeration,
The conclusion was drawn thet the principle responsible for slow starters
came from the air.

Whitehsad snd Cox (148) isolated from a slow starter a bacterio~
phage active toward Straptococcus cremorig., They considered this bacterio-
phage to be the camge of the slow cultures in question. The bacteriophage
wag obtained in such strength after gseveral propagations that one part in
several hundred million parts of milk "sufficed to show the characteristic
lysis with a susceptible streptococcus's Characteristic plagues wsre
obtained on solid media.

Whitehead and Cox (150) recently published the results of a mora
complete study of their basteriophage which was active against Streptococcus
cremorig, Although the culture of Streptococcus oremoris studied by these
investigators appeared normal, amn aerated culture sometimes falled to pro-

duce acid in the cheese vat. Both aeratsd and unaerated cultures reduced
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methylene blue normally, but the reduction was not permanent in the case of

the asrated culture. Microscopic exsmination showed that the rsturm of
color was angociated with lysis of the bacteria, thig lysis being trancg-
missible to a fresh culture of the sensitive organism. By smearing the
aerated culture on ysast whey agar, plaque formation was demonstrated, the
plaques being spproximately 0.5 mm. in dlameter. The bacteriophage was
isolated from individual plagues and inoculated into sterile milk to which
a drop of sengitive culture was added. At 30° C, lysis usually required 10
or 12 hours during this first transfer and somewhat less during succeeding
trangfers. Using calcium chloride and rennet to clot the lyssd oculture
which was then filtered through linem, a bacteria-free filtrate with a
usual titer of 10~% op 1079 way obtained by the use of a sterile Seits
filter. The titer was taken as the lowest dilution at which no plagues
sppeared when the filtrate and sensitive culture were smeared upon agar
plates. The optimum temperature for the sctivity of this bacteriophage was
found to be about 30° 0., 20° and 37° C. being less favorable., Lysis was
algo demonstrated in whey broth. The original becteriophage was almost
completely destroyed by a temperature of 70° €. for 30 mimtes, elthough &
strain isolated at & later date was destroyed dy 509 C. for 30 minmutes. A
gsacondary-growth organiam, obteined from the action of the original hmtério-
phage upon the organiem from which it wes lsolated, was quantitatively less
eengitiva to the action of the filtrate used in causing its appearance,

-6 and 10'2 being the titers of the one filtrate against the 2 organiams.

10
This organiasm was satisfactory in come plants but "filared up" in others,
producing a bacteriophage %o which this organism and the parent organism
were equally seneitive. A secondary-growth organism frem this partiaslly
immne orgenism was slso partiaslly immine to the filtrate used to produce

its Both secondary cuitures gradually reverted to the originsl type.
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Sensitive atrains of Streptococcus oremoris grown in mon-asrated milk

gensrally gave mo indicatione of the presence of bacteriophage, but growth
of the eame organisms in asrated milk would usually give 2 or 3 cases of
high concentration of becteriophage for each 6 cultures of the organism
that were tried. Repeated purification by plating as many &s € times would
not eliminate this tendency. Some extremely semnsitive cultures would pro-
duce bacteriophage when they were merely incubated at 30° C. inatead of
the usuel 20° C, Bacteriophages flared up not only in the plant but also
in the laboratory when the millk was serated, indicating that contamination
in the plant was epparently not the csuse. These workers reached the con-
clusion that bacteriophage is ususlly present in very small amounts in an
ocecluded sondition and needs only the "trigger" of seration to make it
mltiply., Various samples of milk were found to vary in their ability to

permit this "¢rigger' action,

Further mentions of bacteriophages to which

Stroptococcug lactis is sensitive

Hedley and Dabney (57) were apparently the first to isolats a

bacteriophage active ageinst Streptococcus lactis. They obtained their
bacteriophage from sewege. The maximum titer which thsy were &ble to

obtaln was sush that one part of phsge in 10 million perts of medium was
inhibitory, This bacteriophage was not active against Streptococcus
fecalis but did inhibit Bacterium coli. A bacteriophage which was astive
asgainst Streptococous fecalis was inhibitory to Streptococcug lactig and
Bagterium coli slso. MoKinley (110) mentions §treptoccccus lactis and

Streptococcug fecaliy among the organisms susceptible to bacteriophage

activity.
Other attempts previous to those of Whitehead and Cox (148) to

obtain a bacteriophage active againast Streptococcus lactis were failures,
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Majer (108) found that asrogenes phage was as active in milk as in bouillon,

despite the "unfavorable" pH, but none of his polyvalent serogenss phages
affected in any way the souring of the milk. Heo suggested ths use of bacterio-
phage as a means of controlling the growth of organiems of the colon group

in milk, EKlingmtiller (77) could obtain no bacteriophsge against either

Streptocoacus laotis or Streptococcus mastiditis from cultures incubated

at 37° C. for periods ranging from one day to 2 weeks or from dung filtrates..
Lipaka (104) reported that fresh milk, commercisl milk and excrement from
cattle all contained bacteriophages sctive against Bacterium coli, but she
apparently did not attempt to recover bacteriophages active agalnst Strepto-
cocoun lactis,

The bacterionhage and itsa _c_hnractefisbics

.During the 20 years which have olapsed since the discovery of
the phenomenon of becteriophagy, the literaturs upon the subject has become
80 extenasive that any attempt to discuss it with any degree of thorough-
ness and completeness would be beyond the scope of this literature reviow.
Only some of those publications which heve a direct relationship to the
study herein reported will be discussed., For a mors complete éuxvey of
the literature relating to the bacteriophage, some of the general reviews
which ars available, such as those written by d'Berelle (36, 37), Hadley
(56), Hoder (68) and Kxrsuger (87), should be consulted. |

Twort (137) is wsually credited as having firat obgerved the
phenomsnon of bacteriophage activity, his report having been published in
1915, Vorking with a white Micrococcus from hig vaccinia experiments, hs
obagerved transparent arcas at the edges of some of the colonies., Only
fine gramles stainable with (Giemsa's stain were detsctable in the cleared
ersss and these would not grow in any medium which he employed in his

studies. A small smount of material from a cleared area amearsd over fhe
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surface of a new culture prevented the growth of the Micerococcus on the

area over which the meterial had been smeared. The condition of indused
trangparency could be carried from one culture to another for an indefinite
mumber of transfers. The number of points from which transparensy started
was a function of the dilution of the materisl used. The substance sus-
pended in water or saline would pass the finest porcelain filters, and its
activity wam destroyed by heating the suspension to 60° C. for one hour,
The gsubstance hed a slight action on Staphylococous sureus and Staphylo-
goccus albusg but not on members of the colon group, streptococci, the
tubercle bacillus, yeasts or a mumber of other organisms.

In 1917 d'Herelle (34) obtained from the intestinsl contents of
a patient recovering from severe bacillary dysentery a filterable lytic
principle active against Bacillus dysenterime. By adding 2 drop of a lysed
cuiture of the gensitive organism to a fresh culture of the same bacterium,
the principle could be carried through a mumber of transfers and become
more actively lytic inatead of losing its lytic power as a2 iesult of dilu-
tion,

Since the early experiments of Twort and d'Herells, many studies
of the princlple which thay observed have been made., Bacteriophsge strains
active against & wide variety of bacteris have been discovered and charac-

terized more or less completely. In 1926, d'Horelle (36) listed Bacillus

dysenteriag Shiga, Bacillug dygenterise Hiss, Bacillug dysenteriae ¥lexmer,
Iberthells ssnguinaria, Salmomslla pullora, Pastourelle bovis, Pasteurella

tig, Eberthella typhi, Bacillus paratyphogus A, Bacillus paratyphosus B,
Bacillus suipestifer, Bacillus enteriditis, Bacillus typhi marium, Escheri-
chia coli, Encapsulatus pneumonime, Becillus proteus, Corynsbacterium

diphtheriae, Rhigobiuym redicicolum, Bacillus subtilis, Vibrio comma, the

Staphylocococus, the Enterococscus and Shreptococcus pyogenes es organiesme
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for which sctive strains of bacteriophage had been igsolated. Hadley and

Debney (57) obtained bacteriophagss active ageinst Streptococcus fecslis

and Streptococcus lacticus. Reports of the sehsitivity of other organiems
to bacteriophage action could undoubtedly be found if & more complete
survey of the literature were underteken, Furthar investigations of the
phenomenon of transmissible lysis will undoubtedly result in the discovery
of & much greater mumber of bacteriophages which are active against ons

or more organisms,

Conditions for basteriophags activity

According to d'Herelle (36), the phenomenon of basteriophage
gction will probably teke place with all living unaltered sensitive bac-
teria, slthough the bacteris are apparently most vulnerable ‘at the time
of division, The minimmm amount of phage which will cause the dissolution
of & culture varies with the combination of bacteriophange and organism
used, bacteriophages varying in their "virulence" and bacteria varying in
their sengitivity to the action of becteriophsge. Dissolution of gensitive
cultures has been reported over the range from 8° to 46° C., the exact
rangs for a given combination of bacteriophage and organism being a function
of the strains and species used. The optimum pH for bacteriophage mctivity
varies somewhat but is usnally slightly on the alkeline side of neutrality.
An increase in the viscosity of the medium has been ghown to reduce digsolu-
tion by bacteriophage. Sugars, salts and antiseptice are considered to be
of influence only as they. affeot the bacteria which are being subjected
to the action of the bacteriophage.

Hedley (56) atated that the phenomenon of bacteriophsge might
occur at temperatures up to 58° C,., the higher temperature ranges being
¢haracteriatic for those strains of basteriophage which act upon thermo-

philic organisms,
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Arnaudi and Castellani (4) obtained complete lysis of Rhigobium

radicicola by its homologous bacteriophage at pH values of 6.8, 7.0, 7.2
and 7.4 and slight lysio at pH 6.2 and pH 8.0. Beyond these points lysis

was not detsctable after incubation for 20 hours at 30° C.

Stages in the action of bacteriophage

d'Herelle (36) considered that the phenomenon of bacteriophagy
had 2 components, "A dissolution of the bacterial cells tsekes place, and,
in the course of this dissolution, the bacteriophage principle regensrates,
reproduced itself." d'Herelle belioves that the action tekes place in
definite atagss. First the bacterim and the bacteriophage particles unite,
the spesd depending upon the virulence. The fixation takes place only with
sagceptible bacteris, although it may occur if the bacteria are dead. Follow-
ing adgorption, the phege particle is considered to pemstrate the bacterial -
cell, multiply within the cell and then burst ths cell, freeing the new
generation of bacteriophage particles which then repeat ths proceass,

Burnet (19) considered that the course of bacteriophage action
had been adequately demonstrated to be an adsorption of the phage particle
to the surface of the bacterium followed by the entry of the bacteriophage
particle into the cell, since it could not be demonstrated upon the surface
of the cell after the lapse of a fow mimates. After 20 or 30 mimutes, a
disintegration of the swollen bacterial cell and coincident liberation of
from 40 to 200 new bacteriophage particles into the environment was thought
to occur. The cycle would then repeat itself if unlysed sensitive orgeniams
were still present,

Kreuger (87) summarized the action between bacteriophsge and a
sensitive culture as follows: "1, When phage and living bacteria are
brought together the phage rapidly attaches to the cells until an equili-

brium is eastablighed between the cellular fraction and that free in solution;
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this linkage to the bacteria is dissociable. 2. As basterial growth begins,

the formation of phage commences; cell division geems to be the essential
conditioning factor for phage formation., 3. The rate of phage production is
considerably greater than the rate of bacterial production. Consequently
the ratio of phage to bacteria contimuelly increases and finally attaing

the oritical lsevel requisite for lysis (lytic threshold)",

Meissner (112) cams to the conclusion that sslective chemical
combination of lysin with & component of ths cell unseparsble by autolysis
or antiformin treatment and stable to heat of 100° €. but not 120° €., for
one hour, rather than straight sdsorption, was responsible for lthe removal
of bacteriophage from an active filtrate by & sensitive organiem and lack
of removal by a non-gensitive organism,

Kreuger (84) found that the adsorption of a highly active Staphylo-
coccus bacteriophego to & atrain of Staphylococcug sureug at pH 7.6 was
reversible when living orgenlsms were uged. When heat killed organisms
were used, the adsorption reaction was irrevereible and the bacteriophage
could become mors tham 99 per cent adeorbed. Killing temperatures of 65°,
80° and 100° C. were used, and no difference in ability to irreversidly
edsorb the basteriophage could be demonstrated., Under aome conditions,
dead bacteria could apparently become saturated with baeteriophags.

Levins and Frisch (99) have reported that adsorption of bacterio-
phage by heat-killed organismas is 50 nearly irreversible thet the residual
bapteriophage may be studied both quantitatively and qualitatively without
removing the adsorbing organisms. They used this method of bacteriophsge
adsorption for differentiml purposes in a study of the Salmonella group.

The polyvalency of several colon-typhoid group bacteriophages
wag demonstrated by Levine, Frisch and Oohen (102); some of the inhibition

factors were removed by means of adsorption with various pure culturse



whi'_‘gh had previously been killed bgaheating. Subsequent addition of the
uﬁ.ng test organisms to the dlluted bacteriophage demonstrated the presence
or absence of residual unadsorbed valencee or components of the original
phage. The procedure was chacked by the use of an artificial "polyvalent!
bacteriophage made by the mixture of 3 bacteriophagses which did not lyse
haterologous strains.

d'Herelle {(36) concluded thet the bacteriophage stimulated the
grdwch Juat before dissolution of ths sensitive bacterial cell.,

Denbly and Bronfembrenner (31) obtained results which they inter-
preted as showing that, if lysis were prevented, bacteriophasge would increase
the growth rate of bacteris up to a certain point, Lysis apparently set in
at the point of termlination of this relationship., Bacteriophages active
againast Bacillus coli, a Staphylococcus and the homologous organisme were
used in the studies,.

Eaton (40) obtained experimental results with Staphylococcus
ocultures which indicated that the respiration of a basterial culture shortly
after the eddition of bacteriophage was out of proportion to the residual
viable cells remaining in the system. By means of a constantly shaken micro-
rospirometer, he showed that the oxygen consumption per million cells
increased sharply after bacteriophage had been mdded, the rate of respiration
remaining for a time at & level which was normal for gysteme containing 50
million or more organisms per ml,, although the culture became almost sterile.
Carbon dioxids production was also increased, indlcating true respiratory
activity. Ultrafiltration destroyed the regpiratory activity of the lysed
bacterial cultures. No evidence of stimulation of the rate of growth by
bacteriophage was obtained, the total coun;be decreasing rapidly in 21l cases
goon after the addition of bvacteriophsge.

Uesing 0.75 per cent citrate agar, which inhibited the activity of

& coli bacteriophage but not s Staphylococcus bacteriophage, Andrewes and



Elford (1) found that the addit.io?of amounts of bacteriophage insufficient
to cemse immediate killing permitted the orgenisms to increase as rapidly
as those in the control to which no bacteriophage had bsen added until ths
count hed almoat doubled, after which the count decremsed rapidly. The
concentration of bacteriophage necessary to kill increased as the mmber of
organisms to be killed inoreased., Lysis did not begin until 20 or 30
nimtes after the organiams spparently had been killed, but once started

it proceeded rapidly.

Marbais (109) found that organisms lysed by bacteriophage had the
same anbigenic properties as organisms which wers unlysed., Digestion of the
organiams changed their sntigenic properties, indicating that the cell-
bursting by bacteriophage is not a simple engymatic digestion.

Thoe effect of serobiosis and anaerobiosis upon lysis of bacteria
by bacteriophage and upon the regeneration of the lytic principle has been
studied by & mumber of investigators. Unfortunately, there has been a lack
of agreement concerning the effaect of this factor. Gildemeister and Herg-
berg (UB) obtained results which indicated that the action of tranasmisasible
bacterial lysin was lndependent of the oxygen pressure. They used pyro-
gallic acld and strong alkeli to obtain anaerobic conditions,

Friebeo and MacNeal (47) found that the exclusion of air hed no
demonsirable effect upon the .activity of a bacteriophags active sgainst
Escherichia coll.

Schwartzmann (129) studied the effect of the ratio of surface
area to the total volume on the regeneration of a highly diluted Bacillus
6oli bacteriophege in meat extract broth at pH 7.6, A ratio of 0.5 or less
vwas necessery %o furnish the degree of anmerobiosis necessary under the
conditiong of the experiment, an increese in this ratlo interfering with

regeneration. One hour of restricted air supply, if it was during the



firat 3 hours of bacterisl growth.jx:ma safficient to obtain meximsl regen-
eraticn. In & later paper (130), the effect of pH was brought out. At
elightly acid or alkaline reactions, such as pH 6.0 or pH 8,4, merobic or
anasrobic conditions had no effaect. Growth under anserobic conditions
(arez/ volume ratio equale 0.5) at pH 7.0, or under aerobic conditions
(area/ volume ratio equala 3.5) at pH 7.6 on meat infusion medium gave rise
Yo numerous resistent forms and a considereble loas in the regenerating
power of the bacteriophage, tlus explaining the obeerved effoct of anmero-
blosls upon bactseriophage regeneration. Neither inactivation nor weskening
of the bacteriophage was brought ambout by bubbling air or carbon dioxide
through the bacteriophage at various pH levels. By varying the mmber of
organigms added to asrobic and semi-perobic tubes of broth containing vary-
ing amounts of bacteriophage, it wae shown that the rate of dbacterisl growth
bhad no relationship to the rogeneration of extremely dilute bacteriophage.

Fanevutty (117) found that greater exposure of the bacteria-
bacteriophags system to air by means of a greater ratio of surface area to
liquid volume promoted the activity of the bacteriophage. Low dilutions of
both coll and Staphylococcus bacteriophage in broth at a pH of 7.8 were ueed.

MoLeod and Govenlock (111) reached the conclusion that & free
supply of oxygen wag necessary for the production of antipneumccoccus
Ybactericidin®,

Hadley (56) stated Larkum found thet the bubbling of oxygen through
g culture increased the strongth of the lytic agent while carbon dioxide hasd
the opposite affect.

Eaton (40) obtained lysis of & Staphylococcus culture in & to 12
hours in an ordinary unghaken test tube, 'but wag able to bring sbout complete
lysia in 3 to 5 hours ihen the syatem was constantly ghaken in an air atmos-
phere.

Hellaner (59) found that the shaking of cultures, in which the



number of phage particles was inszxsfﬁoient to cause lysis under normal con-
ditions, permitted lyeis to take place. In an unsheken test tube, containing
10 ml, of broth to which 1 ml. of bacteriophage with a titer of 10~7 had
been added, only 350 million organisms per ml. could be pressent and still
pernlt lysis to teke place. If the tube were shaken, 3,500,000,000 organisms
per ml. could be lysed. A coll bacteriophage which had besen hsated for 5

or 10 mimites and which was completely inmctivated, sccording to ths usual
test mothods, regenerated itgelf when the tubes wers shaken in an air atmos-
phere. W¥When the exposure to heat was lengthened to 15 mirutes, no regensra~
tion occurred. The indication was that a slight amount of unkilled residual
bacteriophage remained after heating in the first two casse and was enabled
to regensrate by the pressnce of sufficient oxygen in the medium., Shaking
basteriophage flltrates without added orgenisms, in the presence of esither
oxygen or air at 37° C., hed no sffect upon the bacteriophage titer. In
shaken cultures the lag phase was shorter than in unghaken cultures. In
gsheken oultures the partial preseure of the oxygen was unimportant, while

it was important in unshalten cultures, the oxygen used being smaller in
amount when only 20 per cent of the atmoepharé was oxygen. Lysis and regen-
sration were found to occur in & nitrogen atmosphere only if the mumber of
organiems present was very small. Qoccasionally it was possible to obtain
bacteriophage from previously negative cultures by the use of the shaking
procedure, but the resulte were inconsistent as is frequently true when
cultures which ars apparently free of basteriophage are used.

Ogata {119) found that oxidation conditions were apparently a
factor in the development of bacteriophage from old cultures. Only cul-
tures which had been exposed to the air and allowed to partially dry
produced any lytic principle.

Krouger (87) stated that lysis of cells could ocour in basterio-



phage suspenaions under the propegsconditions without bringing about any
inoreass in the concentration of bacteriophage. KEe aleo pointed out that
anything, such as reduced ﬁemperature or the maintenance of special experi-
mental conditions, which interfered with the process of cell division in
any way, also reduced the production of bactsrlophage.

d'Herelle (36) found that bacteriophages, to which gram-positive
coccl were sensitive, were very difficult to increase in virulence and might
aven be lost during one of the zarly transfers undertsken to build up the
titer.

The biological nature of the bacteriophage

Despite the immense emount of experimental work which has been
done in an effort to accurately characterize the bacteriophage, there is
still little agreement among the various workers concerning the biologicel
nature and the mode of action of the active principls.

Hedley (56) divided &ll thsories concerningz the biological naturs
into 3 olesses: those which consider the bacteriophage &s a filterable,
ultramicroscopic parasite upon bacteria, a view championed by d'Herelle;
those which fellow the views of Kabeshima in considering the bacteriophage
ag & catslytic product produced by digestive glands, this product liberating
or activating a diastase normally present in the bacterial cells; and those
wvhich;, following the views of Bordet and Ouica, consider the besteriophage
to be in the nature of a pathological rupture of the equilibrium existing
betwaen motaboliem and assimilation which is commnicable to surrounding
sensitive 0olla, "a normal reaction carried to & pathological extrems".

As would be expected, many variants of those 3 major theories have been
advancad. Many of the experimental data are of such & nature that they
are subject to & variety of interpretations, the result being that many

theories differing only in minor detalls have orept into the literature.



Burnst (19) believed thsj;( the close relationship between heat
inactivation of bacteriophage and the heat denaturation of protsins, the
surface condition of the bacteriophsge as indicated by the influencs of
golutlons containing mono- and divalent cations on heat inactivation, the
antigenic nature of bacteriophages from which bacterisl antigens have been
removed and the reproduction in a manner which was true to type indicated a
type of organization similar to bacteria and other living organisms,

d'Herelle (36, 37) has, from the first, championed the theory of
the living nature of the bacteriophage. According to his interpretations,
ths bacteriophage is an ultramicroscopic parasite upon ssnsitive bacteria,
a form of life similar to a virus.

Schiler (127) was unable to obtain any evidence of independent
metabolic activity for a coli phage purified by Schlseinger!s method. The
game nogative results were obtained whether the experiments were carried
out in the presence of living or dead bacteria.

Ereugor (86) considered that the existing experimental evidence
did not indicate that bacteriophage possessed an independent metsboliem.

Stanley's (135) work with his orystslline tobacco mosasic virus,
in which he demonstrated that at lesst one virus was an amtocatalytic
protein capable of being propagated in contact with living susceptible
colls, may not apply directly to basteriophage, but it does present &
possible new aspproach to the problem, slncs a simliiar interpretation might
be applied to the phenomenon of tranamissible lysis. Possibly, it might
be proved that the bacteriophage is an inenimste substance of possibly
protein nature, an agent destructive to certain cells, and capable of
reproduction by ths cells to which it is destructive in the same way as

Stanley's virus.
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The source of %gntariogh_ggg_

The question concerning the ultimete source of the basteriophage
has been one of the most puzzling which has confronted those who have
studied the basteriophage. Twort's (137) original observations were made
on & strain derived from a culture of bacteria which had shown typical
growth, d4'Herelle (36, 37) obtained nearly all of the bacteriophage strains
which he gtudied from either sewage or intestinal contente., He has always
contended that the‘ presence of bacteriophags in a culture was due to con-
tamination from some outside source, & truly "pure® culturs not containing
any bacteriophags. Since the work of thess 2 early inveastigatore, many
attempts have been made to decide the ultimate origin of bacteriophage.

Gildemeister and Herzberg (48) reported that they were able to
obtain lytic principle from a previously normal culture., They added the
filtrate from the previous culture to a suboulture for a mmber of genera~-
tions and finally detected the presaence of bacteriophags., Thisz method wes
succeasful only with coll cultures.

Hadley (56) has, on various oocasions, obtained a lytic principle
by repeated growth and filtration through 14 to 20 generations, using
soveral straing of coli organimms.

Ogata (119) found that 8 bacteriophage-sensitive cultures among
the 10 Shiga cultufes which were held for 98 days in the incubator had
become gterile and contained bacteriophages., One of 5 cultures of the
Flexner strain also gave rise to a sirup which contained lytic principle
as & result of the partial drying undsrgone in an incubator. No basterio-
phage oould be obtained from the partislly dried culturss of 4 bacterio-
phage-resistant atrains of Schmitz-type dysentery becilli, The rssults of
those experiments were capable of duplication in the same laboratory at a

later date. Uhen asimilar tests were made uvelng the same cultures, tempera-



tures and holding periods, no bacggriophagea were obtained when the cul-
tures were sealed in test tubes and thus kept from drying. Growth of the
cultures on agar for a period of 5 months, following which the organisms
wore washed from the surface by the use of a physiological saline solution,
did not produce any bacterlophege. The sams negative results were obtained
when the cells were rapidly dried in a vecuum dessicator and were held thare
for 2 or 3 days. The conclusion was that not only time but also the oxids~
tion conditions played important roles in the production of bacteriophage
from old cul tures.

By growing dysentary bacteria of the Hiss, Flexner and Shiga
strains in 5 ml. quantitles of bouillon, %to which warying smounts of calcium
chloride solution had been added, and plating after 6 or 7 days at 37° C.,
Plantureux (121) obtained sbnormel colonies which ylelded bacteriophage on
transfer to bouillon pH 7.8 and holding for 20 days at 37° C. before filtra~-
tion; the phage was uszally obtained at the first transfer and rever later
than the sscond.

LeMar and Myers (96) devimed a technique whereby specific lytic
egentg, which had the characteriatics of bacteriophages, were obtained from
cultures of Egcherichia coli, Eberthalla typhogus, Salmonells enteriditis,
and Staphylococeus sureusg, Their procedure consisted of growth in broth
for 48 hours, autoélaving for 20 mimutes at 15 pounds prescure, and incubva~
tion sgain for 4€ hours at 379 0., followed by oxidation for 48 hours at
37° 0. by hydrogen peroxide. Unless the oxidation was prolonged by several
days, no lytic principlse was obtained when the second periocd of incubation
wvas omitted, Tho oxidation of living cultures by the hydrogen peroxide
yielded negative results,

Certain other investigators have not been able to obtain bacterioc~

phages from sensitive cultures of basteria, Arkwright (3) was unable to
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recover & lytiec principle from 6 strains of Salmonella dysenterime Shiga,

or their gsensitive end non-sensitive variants, unless bacteriophage from
an outside source had previously been added to the culture,

Spanedds (134) did not succeed in recovering any lytic filtrate
from 32 strains of diphtheria and diphtheroid orgenisms which had been
allowed to grow for 5 or 6 days before filtration, The absence of lytic
principle was determined by the uss of 59 Corynebacterium cultures from a
variety of gources as test organlsma,

Arnaudi snd Castellani (U4) reported the isolation of a bacterio-
phage active against Rhigzobium redicicola from soilas in which alfalfa had
been grown for 1, 4, and 9 years. The presence of a bacteriophage of this
typo in the soil i1s pointed to &s & possible source of the soil fatigue
toward alfalfa that ig sometimes observed,

Hadley (56) stmted that sterilized sewage could cause the Ylibera-
tion" of bamcteriophage from bacteria, although the sewage alone, even before
steriligation, did not ceuse plaque formation without previous passage at
the expenge of a gensitive organiem,

Evans (43) has i1solated from sewage 4 serologically different
strains of bacteriophage active againast hemolytic streptococci,  Hadley
and Dabney (57) obtained bacteriophages active against §treptococcus
foccplis and §treptococcug lacticus from sewage. d'Herells (36) points
out that everything which has been exposed to excreta may contain bacterio-
phage ‘a.nd that frequent isolationas of basteriopheges have been made from
man, avien and animel stools.

Hadley and Xlimek (58) found that pancreatin extracts im droth
{p¥ 7.8) produced no plaguss when smeared upor sesded plates of sengitive
Shiga dysentery bacillus or the strain of Bacillus coll which was used.

Extracts heated to 60° G, for 30 mimutes and filtered through a Berkfeld N
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filter gave actively lytic filtrates after 2 to 6 serial filtrations with

the dysentery culture, dut only one of 3 extracts brought about the'produn—
tion of lytic principle when Bacillus coli was used as the substrate
organigm. Autoclaved pancreatin produced lytic principle after 8 tranefers
with the dysentery bacillus, eliminating the possible presence of active
engymes as & factor in bacteriophage gencration, Nine serisl filtrations
wore required with autoclaved peptone to cesuwme the production of lytic
principle. Sterile disgtillod water had the same effect after H serial fil-
trations with Bacillus coll and 9 with the Shiga bacillus, Fourteen passages
in broth, more broth and some culture being added after each filtration,
geve & lytice prineciple which was eventually brought to & high titer. The
conclugion was that bacteriophsge was generated by the bacteria under the
liberating influence of a gpgcific enviromment,

Hoffstedt and Almeden (69) investigeted 4 straine of Staphylo-
coccus aureug, an undisgociated strein, & dissociated smooth white form,
a rough vhite form, and & gonidigl form. X medium, plain broth end Llithium
chloride broth, all at & pHE of 7.8, were uged &s substrates, Twenty-six
serial filtrations, using the control culture from the previous experiment
a8 a subgtratum, produced no bacteriophage in plain broth or in lithiom
chloride broth. The addition of the filtrates sesmed to promote dissociation,
however. In K medium, lysis occurred in the tube containing the dissociated
emooth white strain and its homologous filtrate at the twelfth transfer
and parsisted except in the twenty-third and twenty-fourth transfers., The
bacteriophage was specific for ths homologous strain., Dissociation of the
undissociated strain and 4 other strains was not accomplished by the uss of
polyvalent bacteriophages. Thsse workers concluded disgociation could take
placs without demonstrable bacteriophage, although this did not mean that

basteriophage might not be present.
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Ho oriterion for the definite determination of the praesence of

bacteriophage in a culture previous to its lsolation from the culture has
been devised. Krueger (86) atates: At the present moment (1936) then
there exists no clear-cut experimental evidence that phage cen be derived
from phage-free bacterial strains®, Although the question concerning the
ultimate source of bacteriophage remains unanswered today, the experimental
evidence obtained by the majority of the investigators in this field points

to the bacteriel cell ag the point of origin,

Classification

Boceuse ell straings of bacteriophage are not identical in their
behavior toward bacteria, mumerous criterim for sgeparation into different
atrainsg have been employsd. Although fairly definite groups or types have
been segregated by such means, apperently no attempt has been made to
oclarsify bacteriophnge atrains taxonomically.

d'Herelle (36) considered the bacteriophage to be a single epec;lea
which was capable of adaptation in such & manner that it would attack all
specisg of bacteria known to be senaltive to bacteriophsge action. As
evidence in aupport of this view, he mentionsd the maltiple virulences
possesssd by many strains of lytic principle and the recorded adaptations
of bacteriophage %o species which were not previcusly suasceptiblse., This
narrow interpretation has recelved little support from more recent invesg-
tigators.

SBome of the earliest studies concerning the classification of
the various strains of bacteriophages were made by Bail (6). The type of
activity in broth and on agar, the ability to multiply, the speed of mul-
tiplication at the expense of the homologous organiem and other orgenisms,
and the formation of strains of organism resistant to the action of the

bacteriophage in question and to other bacteriophage strains were considered



to be characteristics which mightuge usable for classification purposes.

Burnet and McKie (24) classificd 47 besteriopheges mctive againat
e single strain of Bagillus coli communior., Upon the basis of plaque cize
and form, Y4 groups of bacteriophages were obtained: those which gave largs
plagues with a wide, shelving edge: those producing moderately lerge plaques
which were surrounded with a definite halo, narrower and more charply differ-
entiated than for the first group; those whose plagques were medium to small
with a soft edge or a narrow halo; and those whose plaques were small to
tiny and sharply delinsated. Clagsification upon the basis of the types of
organisms lysed snd the nature of the resistants produced was also attempted.

¥hile doing further work with coli-dyassntery bacteriophages,
Burnet (20) differentiated 12 types of bacteriophages, all differing in
gerologlcal nature. Minor serological differences wers found within the
major groups, but intermediate types did not seem to occur., The same
structural type of plagque was characteristic of all of the members of any
one gsrological group, and the resistant orgenisms produced were of the
same type, alwso. The classification upon the baais of serologicel charsster,
partiocle and plaaqus sigse, and power to provoke resistance seemed to this
investigator to be quite workabieo

Burnet (21) performed experiments tc determine the correlation
between tho serological olassification and the inesctivation of bacteriopheges
by various dyes, sodium citrats and urea. Photodynemic inactivation by
means of pyronine, rivancl, methylens blue, acriflavine, and proflavine
increased in the order given, the asme order applying to all bactericphages
which were tested. Sodium citrate, in concentrations ranging from 0.5 to
10.0 per cent, inactivated some bacteriophages and left others completely
active, and the same type of phenomenon occurred when urea was used as an
inactivating agent. Among the bacteriophages in any one serological group,

the reaction to any one inactivating substance was uniform, but the reactions
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to any 2 tests were not paramllel, Distinction of groups upon the basis of

the 3 tests was considered sharp,

Among bacteriophages which ceuse lysis of the members of the colon
group, one apparently “pure® strain which has been carried at the expenss of
a gingle organism for scme tims may be able to provoke lysis, not only smong
the various species of a single gemus but also among organisme belonging %o
several genera. Bronfenbrenner (9) attributed such an effect to a common
Yolement™® in the compositions of the strains of organisms affected. He
pointed out that some apparently pure pbages could be grown and be active
on any one of several rather closgely related specles., A coli phage carried
for 6 years and repeatedly tested for purity was active agminst Bacillus coli,
Bacillus dysenteriae, Shiga and Bacillus dysenterise Flexmer, regerdless of
which of these organiesme was used to carry it, This strain was of special
interest becsuge, slthough the heat reslstance under normsl conditions was
the seme for all 3 valences, the presence of glycerine or sucrose selectively
&llowed the coli virulence to survive in a weakened form which would regenerate
only in the presence of Bacillus colis The regenerated bacteriophage was
egain active against all 3 types &t normel titer after 3 passages., Mixtures
of basteriophages were not regenerated in the seme mner after partial
destruction.

By testing, with serologicelly different sensitive organisms, the
residual bacteriophage remaining after adsorption of a fraction by killed
sensitive organisms, Levine and Frisch (101) were able to show that certain
bacteriophages from chicken stool filtrates contalined 2 qualitatively
different fractions, one solaective for sulpestifer strains and oune for the
typhosus-paratyphosus B groups. Antiphages were obtained by rabbit injections
and the results of the selective adecrptions on hest-killed orgenisms were

confirmed by the use of the antiphagess Those workers pointed out that



bacteriophages could differ markedly in composition and yet share a particular
fraotion in common.

In a study of 4 types of bacteriophage to which hemolytic strepto-
cocci were sensitive, Evana (43) was able to differentiate them by mesns of
the antiphages which they produced, the Y types being serologically different.
Secondary growth occurred only when certain of the filtratee were combined
with certain test organismas., The plaques on glucoss meat infusion agar were
usually 1 mm. or less in diameter and no differentiation upon this bauis was
obvious.

Italo (71) found that bacteriophages mctive against R, RS and §
phages of typhoid and dysentery bacteria exleted and could be differentiated
upon the bagis of heat resistance and antigenic properties.

Burnet (19) concluded that the sirze of the bacteriophags particle
was independent of the organiem used for propagation ani was very nearly
uniform for any one bacteriophage, moking particle sige a definite attribute
of each strain of bacteriophage., Coli bacteriophages were capable of division
into groups upon the basis of gerum spscificity, particle or plagque size,
and resistance type, these 3 characteriatics being distinct and uemally
unchanged by experimental procedure. The range of activity on normal bec-
terial specles, ths readiness with which the appearamcs of secondary cultures
was allowed, and the gpesed with which lysis was provoked were congidered as
being more or lesas readily modified by the experimental procedures. As will
be brought out later, the sise of the plaques produced by a given race or
strain of bacteriophage may be considerably influenced by the conditions of
the experiment.

Kreuger (87) reached the conclueion that the antigenic specificity
of a bacteriophage was not depsndent upon the bacterial substratum upon
which the bacteriophege had been propagated but was constant for each strain

and was therefore & valid criterion for differentiation., He &also stated



that the inmctivation of bacterigghage by its specific antigsrum was rever-
sible, the bacteriophage-antibacteriophage combination being dissociadle,

Sertic and Boulgakov (131) used ths diameter of the plaque, the
diameter of the corpnécle as determined by the porosity of the membrane
limiting its pasaege, the temperature of inactivation, the virulence, the
apeciss of bacteria attacked, the behavior towsrd the sscondary growths of
other filtrates, and the antigenic type as basss for the classification of
75 bdacteriophages which they obtained from Parls sowage. These strains,
all of which were active against Eberthelle typhi, were divided into 1U
antigenic types,

Bronfenbremner and Korb (11) demonstrated that the age of the
culture and the conditions in the medlum mey greatly influence the size of
the plagques formed by bacteriophages. An increase in agar concentration
from 0.3 per cent to 3.0 per cent reduced the mmber of plaques to one=-
Mmndredth of the original mmbe_r. The greater the concentration of young
and susceptible bacteria, the smaller wers the plaques. An increase in the
proportion of old bacteria in the culture was found to decrease both the
mumber and size of the plaques formed. When the conditions were held cone
stant, lytic filtrates acting upon more than one species gave the sama sige
of plaque with each sensitive specles.

Yen (153) found that the mimber and charascter of the plaques could
be varied by the concentration of the agar in tho medium, ths amount of
medium and the emount of inoculum. The number of plaques was decreased when
the agar content was increased sabove 2 per cent and a 5 per cent agar did
not permit the formetion of any plagues., A thin layer of egar combined with
8 heavy inoculum caused the formation of concentric rings of lyeis around
the centsr plague, Under conditions which limited bacterial growth, such
ag growth at unfavorable temperatures or under anaerobic conditions when

aerobic organisms were used, the size of the plaques was decreased.



y
The papers just reviewed show that when the size and the type of
the plaque are used for purposss of classification, the experimsntal condi-

tions must be wall-astandardiged.

Action of chemical nts upon bacterio ()

d'Horelle (36) mentioned a mumber of substances which had been
found by various investigators to insctivate bacteriophage. Mercuric
chloride, sodium floride, potaseium cyanide, copper eulfate, 90 per cent
elcohol, phenol, chloroform, lactic and oxaslic acids, formol, lysol, quinine
salts and glycerol were included in the group of substances which inacti-
vated bacteriophage either completely, or to an apprecisble extent. s§dium
chloride and sodium sulfate were listed &s substances which woere without
effect.

MeKinley (110) concluded from & survey of the literature that the
resistance of bacteriophagee to alcohol, acetone, ether, ohloroform, 1 per
cent phenol, lysol and glycerol waa greater than the resistance of the
homologous organisms and even greater than that of spores to the same agents.

de Poorter and Meisin (33) found that lactic, oxalic and osmic
acide destroyed beacteriophage, while phosphomolybic, tungstic and citric
acids did not destroy the lytic activity. They also determined the activity
of a mumber of other compounds and concluded from their studies that basterio-
phage was of ths nature of an enzyme.

Lin, Kurotchkin and Bernaradsky (103) found that Shiga bacterio-
phage, with an original titer of 10710 ana held at 37° C. for 3 months,
decreased to 10™2 in titer when mo sodiun chloride was added but only to a
titer of 10°% when the filtrate was saturated with sodium chloride, The
bacteriophage which had been preserved with sodium chloride also lysed the
teat culture more rapidly in any active dilution than did the control held

under the same conditions without added sodium chloride,
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Staphylococcal bacteriophage in beaef infusion bdroth at a pH of

746 and diluted with an equal quantity of 3%.“_5' potassium cyanide solution
was inactivated after incubation at 37'0 C. for 24 hours (90). The addition
of 1 ml. of 2,74 per cent silver nitrate solution and 2 ml. of 1 per cent
potassium cyanide solution to 10 ml. of the inactivated bacteriophage
resulted in reactivation of 78 to 100 per cent of the inactivated bacterio-
phags.

Krueger and Baldwin (88) succeeded in reactivating staphylococcal
bacteriophage after complete insctivation, as a result of exposure for 9
days to & 2.8 per cent ooncentration of mercurioc chloride, by precipitating
the merocury with hydrogen sulfide, They considered that this indicated a
structure mors like an enzyme, since all known protoplasm has been shown %o
be much more sengsitive to mercuric chloride.

Using phenyl mercuric chloride, Goldemith (50) found thst concen-
trations of 1:20,000, 1:40,000 and 1:80,000 had no effect upon the lytic
activity of bacteriophages to which Bacillus coli and a Staphylococous were
ssneltive whem the period of contact was 30 minutes at room temperature.
The activity of the Staphylococous bucteriophage was completely destroyed
after a 6 week period, while the astivity of the Bacillug coli etrain
remained unaffected. The toxicity of the solutions toward the lytic prin-
ciples seemed to parailel the susceptibility of the homologous organisms
to destruction by the seme agent., The comment was made that, since enzymes
are not destroyed by this antiseptic, at least the Staphylococcus bacterio-
phage would not be engymatic in nature.

Burnet and McKie (22) showed that dilute bacteriophages were more
or less readily inactiveted by methylene blue, toluidine blue and Jamus
green when divalent ions were absent, but that ths presence of calcium

salts or of broth prevented such inactivation, The sensitivity to inacti-

vation by dyes and the prevention of inactivetion by calcium iong varied



with the etrains of bacteriophage:.g

The precipitation of bacteriophages, to which the Shigs and
Flexner strains of Bacillus dysenterise were sensitive, was accomplished
by Bronfenbrenner and Korb (10) through the additlon of 10 parts of 96 per
cent alcohol to one part of beoteriophage filtrate in a tube, followed by
coentrifuging after difforent expomres, The bacteriophage was completely
removed after an exposure of 6 to 24 houre at room temperature, but at 7° C.,
the action was much slower, usually requiring over 4 weeka. In some cases
a small amount of bacteriophage would remain in the supernatant alcohol.

In such cases, the residual lytic activity was always transmissible in
series. The analogy to the alcoholic inactivation of certain enzymes
and toxins was pointed out.

In a later report (13) the same inveetigators indicated that the
presence of neutral salis was of significance in the inactivation of bac-
tariophags by alcohol., In the presence of additionsl neutral salts,
egpecially those cohtaining a cation of high valence, the alcoholic inacti-
vation of the bacteriophage occurred mere rapidly. When the salts normally
present in a filtrate were removed by diamlysis, the lytic principle tended
to become leas sensitive to alcohol, and the reatorastion of the original
salt content sesmed to restore the previous level of sensitivity. Apparently
the rate of precipitation of the coagusble fractions of the medium by alco-
hol, and not the direct toxic sstion of the alcohol on the basteriophage,
was responsible for the activation of the lytic principle. The results
were considered to lend support to the theory of the chemical nature of ths
bacteriophage.

Asheshov (5) found that bacteriopbages active toward ths Flexner
strain of the dysentery basillus and toward Staphylococcus gureus were very

gensitive to trisodium citrate, as little as 0.5 ml. of & helf normal

solution per 10 ml. of boulllon preventing lysis and 0.2 ml. retarding lysis



for some hours, A third strain of5 %aoteriophage which was active againgt the
Flexner strain of dysentery organism was not inhibited by 0.2 ml. of ths
previously mentioned solution and O.1 ml. increased the speed of lysis.

Andrewes and H1ford (1) determined that even a bacteriophage with
8 high titer against coll organisms was 99 per cent inactivated in & fow
momenta by 0.75 per cent citrate in the agar, even in the presence of a
dilute suspension of susceptible organisms, The method was utilized to
pernit a greater degree of accuracy in the estimetion of the mumber of sur-
viving viable organisms after various periods of time.

Applebeum and Patterson (2) studied the effect of bile upon bacterio-
phage activity and found that the undiluted bile inhibited all 5 of the
straing which they used, while & 1:10 dilution inhibited only ths Strepto-
caccus strain and had no effect upon the 2 coll, one Staphylococcus and one
typhoid basteriophages. XFurther tests wore made using rabbit blood and serum,
Bacterlophages active toward staphylocecl and streptococci were more inhibited
by body fluids than were those to which coli and typhoid bacilli were mensitive.

Apparently bacteriophagzes are sensitive to strongly oxidising gub-
stances of various types. Lominski (105) was able to inactivate two colon,
two Stephylococcus, one subtilis and one megetherium bacteriopheges by smail
concentrations of potassium permangenate., The process seemed to be ons of
oxidation sincs, in the limiting dilutions, inactivation was accompanied by
decolorization, The higher the holding temperature and ths less reducing the
medium, the smaller the amount of oxidigzing agent which was required, one part
in a thousand sufficing in saline. Ths insctivation wag irreversible, In a
later paper (106) the sensitivities of various basteriophages and their
homologous organisms ﬁo oxidation by permanganate were compared., Staphylo-
cocous basteriophage was killed by O.l part of potassium permanganate per

indred, while ites homologous organism grew in 0.2 part, easily tolerated



O« part and partially resisted 1.051}&-1; per hundred when held from 6 hours
to 6 days at 37° C. The concentrations were reported to be essentially the
seme for other combinations of bacteriophage and organism which were tested,
ths actual quantity of reagent necessary depending upon the redusing power
of the medium and the concsentration of bacteria., Ths recommsndation was
made that several passages through permangsnate should bs made to free &
culture from becteriophage. The organisms subjected %o this treatment
retained thelr basteriophage sensitivity during the manipulation. Lysogenic
organismg remained lysogenic arfter treatmsnt, this fact permitting the dif-
ferentiation between lysogenic and "contaminsted" orgzaniems.

Lominsglkcd (107) reported a seriss of studies upon the inactivation
of bacteriophages by chemical means and their subssquent reastivation, in
some cases, by the use of asscorbic acid. Two Staphylococcus, two coli, one
subtilis, and ons megatherium bacteriophages were used., When bacteriophages
wora expoasd to alr during holding &t 37° C., 2 months were required to
raduce the titexr by one-half., If, howaver, oxygen was bubbled through tha
filtrate, only a few hours were required to bring about the seme redustion
in titer. VWhen hydrogen peroxide was used as the inactivating agent, freshly
propared bacteriophages which were rich in catalase required concentrations
of one part in 100 or one part in 150 for 24 hours for complete irnactivation,
but the addition of the hydrogen peroxide in 2 parts at 24 hour intervale
required only one-fifth as mch resgent to produce the game effect, Bacterio-
phage preparations containing only a little catalese were slmost always
inactivated by 0.2 to 0.3 part of hydrogen peroxide per 100. Using Lugol's
iodine solution, 30 to 50 parts per 100 were required to inactivate bacterio-
phage. The hydrogen peroxide and iodine solution wers mors active against
bacteriophage then against the homologous orgenism and the suggestion was

nade that they could be used to free “contasminated" cultures from basterio-

phage. The oxidations apparently were irreversible since paesage on orgeniems,
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or the dilution of the oxiding agent after its mction, did not restore ths

activity of the bacteriophage although, in some cases, the bacteriophage
inactivated by molecular oxygen or by iodine was capable of reactivation by
the addition of ascorbic acild.

Schultz and Krueger (128) inactivated 2 Staphylococcus basterio-
phages in from 6 to 12 hours by concentrations of methylene blue &as low as
0.002 per cent, Five serial passages on gusceptibdle staphylococci gave no
evidencs of residual active bacteriophage. The action was apparently selec-
tive eince 8 other bacteriophages, includigg straing to which coli, dysentery,
typhoid and proteus organisms were neniitiie. wore unaffected by the dye.
Theee inveastigators mamde no attempt to explain the meochanism of the inmctiva~-
tion,

Methylene blue in a concentration of 0.05 per cent was shown by
Clifton and Lawler (28) to be capable of bringing about complete inactivation
of Staphylococcus bacteriophage at 37° C, In a fow cases undiluted bacterio-
phages, or those diluted 1:10 with Martin's broth, were inactivated with con-
centrations of 0.005 per cent. Toluidine blue, methylene violet, mathylene
groeon, methylene azure, thionin, eocsin B and phenol red wers algo tried, and
only the first one wes effective when tested at 37° 0. for 24 hours or longer,
the action being the same &g with moethylsne blue. Coli bacteriophage ;zaa
unaffected by either dye., The aotion of these dyes was considered as probably
due to an adsorption phenomenon.

Clifton (27) found that, when 0.1 and 0.0l per cent concentrations
of methylens blue were added to antistaphylococcus bacteriophage and the
mixtures incubated for 24 hours at 37° C., exposure to indiresct gunlight was
necesgary for sbout 5 minutes befors 1néubation if inactivation was to occur;
no insctivation was noted when dye and bacteriopheage were mixed, incubated
and tested in the darks The evacuation of air, or its replasement with an

atmosphere of hydrogen, prevented the inastivation of the bacteriophage, even



if 30 mimites had elapsed batweez? Bmixing and the establishment of anserobic
conditions. The reduced or leucobass form of methylens blue was shown to
have no inactivating effect, When 0,01 per cent of cysteine was added with
0,01 per cent of methylens blue, no insctivation occurred, presumably beceuss
of ths protective reducing action of the cystelne. Tyrosine in considerable
concentrations had no protective effect. The conclusion was that the inacti-
vation of bacteriophage by methylens blue waé due to ths oxidation of the
bacteriophage by photosensitized methylene blue in the presence of oxygen.
The inhibitory action of crystavlv violet and brilliant green upon
8 sories of bacteriopheges to which a Staphylococcus, Aerobacter cloacoe,
Bacillug megatherium, Bacillug coli and an Achromobacter were sensitive was
investigated by ¥ells and Sherwood (139)« Beef broth at a pH of 7.6 and 1.0
per cent agar were used as substratas with an incubation tempsraturs of 37° C.
All bacteriophaege preparations were diluted 1:25,000,000 to reducse the dye
concentration to a level which all of the organiems would tolerate before
basteria were added to test for the presence of residusl bacteriophage. A
1:2500 dilution of crystal violet acting for 24 hours insctivated sl1l of the
bacteriophrges except one of the two which were active against Bacillus coli.
A 1:10,000 dilution insctivated only the Staphylococous and Bacilluse mega~
therium becteriophages in 24 hours and had no effect upon the others, even
after & wesk of 1ncubat16n. After 90 hours the brilliant green in a concen-
tration of 112000 partially inhibited the Stephylococcus bacteriophage and
the Bacillug coli bacteriophage which had been unaffected by crystal violet
and hed no effect upon the others. Apparently the bacteriophages active on
gren positive organisms were less resistant to the inactlivating influence of
certain dyes than wers those scting upon gram negative orgenisms, The same
investigators (140) later reported that in 24 hours a 1:20 concentration of

phenol inactivated all eight of the bacterlophages used by them for testing



yurpogess A concentration of 1:15%1‘{ of sodium hydroxide inactivated all but
one of the test bacteriophages within a week. Phenol was appareatly mors
active againgt thoso bacteriophages to which gram positive orgenisms were
suaceptible, while sodium hydroxide was variable in its behavior in this
respect, ‘

Krueger and Baldwin (89) werse able to obtain 98 per cent re#novall
of Staphylococcus bacteriophage activity by adding 1.0 ml. of 0.25 per cent
solution of Griibler's safranine to 9,0 ml, of bacteriophasge filtrate and
holding for 18 hours at room temperature beiore centrifuging off the preci-
pitate containing the bacteriophege. When the precipitate from droth at a
pH of 7.4 was added to broth at a pH of 6.5 and the mixture allowed to stand
2 hours before titration, 25 to 30 per cent of the original bacteriophage
was capebls of reactivation. The ina;:tivation wes photodynemic, the $iter of
the residual lytic principle in the supernatant fluid being three or four
times greater if the solution were kept in the dark than when the solution
was kept in the 1ight., The becteriophage in the supernetant fluld could de
reectivated to the extent of 5 to 10 per cent of ths original concentration.

Evans (42) found thst, in vitro, blood, pus, ascitic fiuid, bile
and saliva completely inhibited bacteriophage activity. Urine also caused
partial inhibition. The washed osells of blood and pus wers almost entirely
without effect, the sers having been shown to contain the active element.

It was impossible to demonstrate any inhibiting effect of bacteriophage when
it wag inoculated into the blood stream, either when the Streptocococus infec-
tion was well under way or when the organiasms and bactseriophage were inoculated
simil tansously into the blood stream.

Levine and Frisch (97) demonstrated that a bacteriophage which was
active toward Bacillug dysenterigs Shige was inhibited by a saline extract of

the homologous organiem but not by & similar extrect of Bagillus aertrycke.

A bacteriophage against Bacillus paratyphosus B and Bacillus gertrycke was
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inhibited by saline extracts of Bacillus sertrycke but not dy extracts of

Bacillus dysentorias Shiga. The inhibﬁion vbg &l go evident when Bacillus
asrtrycke was used &8s the test organiem for inhibition in place of Bacillus
paratyphosus Be These results were considered to demonstrate that Bacillusg
paratyphogus B and Bacillus sertrycke had the same heat stable components
since extracts of the latter inhibited the bacteriophage which was active
against the former. The experimentsl results were considered to be of
poasible significence in the study of the specificity of bacteriophages. In
a later article (124) these seame investigators expressed the opinion that the
behavior of bacteriophages toward baclillary extrscts might be used &s & means

of clageification.

Levine and Frisch (100) found that when m crude saline sxtract of
Bagillus asrtrycke was boiled in% aodim hydroxide for 5 minutes and subse-
quently neutralized it showed & marked incresse in ability to inhibit bacterio~
phage sctivity. Treating a saline extract with sufficient %hydrochloric
acid to make the golution %5-, then holding at 80° C, for 30 to 90 mimites |
before neutralizatlion and centrifuging to remove the precipitate inoreased
the inhibitory effect which it had upon bacteriophage. The suggestion was
made that these treatments resulted in the production of hydrolytic products
in which the specific reasting groups were unmacked as disclosed by ths more

intenge basteriophage inhibition.

Action of physical agents
Hadley (56) concluded, after a survey of the literature, that the
complete inactivation of all bacteriophages was brought about by heating the
active filtrates for 30 minutes at 72° to 759 C.; partial inactivation begen
sbout 10° lower, although some bacteriophages were apparently inactivated
by heating at 63° C. for 30 mimtes.

d'Herelle (36) reported that all bacteriophages were insctivated
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by & temperature of 75° C., meintained for 30 mimites and that many were

inactivated by somewhat lower temperatures. Progresesive attenuation of
virulence was found to begin at about 50° C, Young basteriophages were
found to be resistant to a tempsrature of =180° C,, while older bacterio-
phagee were not able to withstand thig temperature.

Using a heating period of one hour, Evans (43) tested ths thermal
stebility of 4 bacteriophage strains which were active against hemolytic
gtreptococeil by plecing the bacteriophages in sealed 5 mm, tubes and immers-
ing in the heating medium, One strain was inectivated at 65° C., one strain
at 63° C, and 2 strains at 60° C, In general, 50° C. caused partial inac-
tivation of the basteriophages tested. At refrigerator temperature and in
tubes ssaled with vaselinas, thess Streptococcus bacteriophages retained
their virulence for yoars. Exposurs to air and higher temperatures were
found to be factors hastening the deterioration of the bacteriophages. One
strain was very sensitive when first isolated but became more stable after
geveral months in the laboratory.

Knorr and Ruf (78) dried a mumber of bacteriophages from different
sources and determined that there wers congiderable differences in their
sensitivities toward drying, some being easily inactivated in this way while
others were not. This characteristic apparsntly was constant for a given
straln of bacteriophage. Plating and dilution methods of estimation of
residual bacteriophage gave comparable results. Whether the bacteriophage
was dried in an atmosphere of air or carbon dioxide seemed to mske no
difference,

Bacteriophage active against Bacillus megatherium was dried over
either phosphorous pentoxide or sulfuric acid and a suspension of sensitive
orgeniem added %o the dry filtrate to determine the activity of ths dried

bacteriophage (138). The dried preparations were able to esurvive 80° C, for
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30 mimtes or 100° C. for 10 mimtes but not 100° C. for 30 mimtes. All
of the liquid bacteriopheges were inactivated by the lowest temperature
employed, 80° C, for 10 minutes. Essentially the same results were obtained

when Bacillus coli, Bacillus typhi, end Bacillus parecoli bacteriophages were

treoated in ths same way.

According to Krueger (85) ths high value of the critical thermal
increment indicated that protein deneturstion was involved in the destruction
of bacteriophage by heat. Krueger interpreted this as possibly being the
result of the destruction of s carrier, the change thus produced resulting
in the inmctivation of the attached lytic principle. The results reported
did not cover complets inactivation.

The effect of the pH of the medium upon the heat inactivation of
antistaphylococcal bacteriophege containing 10]'0 activity units per cubic ml.
was studied by Krueger and Scribmer (91). Equal quantities of bacteriophage
preparation and beef infusion broth were brought to the desired pH level
with bydrochloric acid and placed at 57° C., for 30 mimtes, The residual
bacteriophage activity was determined by the astivity titration method of
Krueger (84). In the pH range from 6.0 to 7.0, 32 to 34 per cent of the
activity survived; at pH 5.75, only 3.75 per cent survived; in the range
from pH 4,0 to 5.5, all but less than one per cent of the activity was des-
troyed; at pH 7.5, 50 per cent of the bacteriophage was destroyed; 24 per
cent remeined active at pH 8.0, 10 per cent at pH 8.5 and leas than 1 per
cent at pH 9.0 or above. These investigators concluded that: "Heat inacti-
vation of phage has the high critical thermal increment characteristic of
protein denaturation and with increases in hydrogen or hydroxyl ion concen-
tration the inactivation reaction is favored as is the case with many enzymes".

Burnet and MoKle (22) studied the effect of various ions upon the

inactivation of bacteriophages active against the members of the dysentery
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group by heating the bacteriophages to 60° C. for one hour. Bacteriophages

which had been diluted in solutions containing sodium, potassium or ammonium
salta were resadily inactivated by this heat treatment. The addition of cal-
clum, magnesium or barium salts, in the ratio of about one part of divalent
ion %o 20 parts of monovalent ion, partially or completely prevented inecti-
vation by the temperature used., The same offect was observed when dyes
ingtead of heat were used to bring about inactivation, Different bacterio-
phages varied in the degree to which the type of ions present influensed
inactivation, These investigators called attention t'o the correspondsnce
bgtween the sensitivity of higher mnimals and plants and of bacteriophage to
calcium:sodium ratios, the indication being that a2 similar protoplasmic
structure was involved in each cass.

The effact of the hydrogen ion concentration upon the stability of
bacteriophages at lower temperatures was investigated by Bronfenbrenner and
Korb (12)., They used & test period of 3 hours at 7° C. in their studies.
Beyond the range of hydrogen ion concentration limited by 6.3 x 109 and
1.6 x 10“9., antli-staphylococcus bacteriophage showed deterioration. Anti-
coll filtrate was completely resistant in the hydrogen iom concentration
range from 2,7 x 1073 o 2,5 x 10711, Bacteriophage active against the Shiga
strain of dysentery bacillus began to be insctivated beyond the range from
1.7 x 10~% 0 1.3 x 101}, Filtrate of the transmissible lytic agent which
sttacks Bacilling pestis cavias retalned full activity over ranges of hydrogen
ion concentration extending from 1 x 1073 %o 3.5 x 10"12. being the moat
resistant of the 4 strains examined.

Kreuger (87) etated that ultra violet rays killed bacteria and
inactivated bacteriophage at about the same rate. X-rays were found to be

varieble in their effect upon basteriophage,
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Ths chomical and physical characteristics of ths
bacteriophage particle

Thogse who are engeged in the investigation of the nature of the

bacteriophage and its activity nearly all agree that the astive principle

is particulate in nature, although soms consider the particle itself to be

a fragment of bacterial cell to which the actively lytic particle is attached
while others congider the particle as the true bactsriophage substance,

Elford and Andrewes (41) determined the size of the bacteriophage
particles by the use of a ssriles of graded collodion msmbranse through
which the bacteriophage preparations were forced by a& nitrogen pressure
equivalent to 76 cm, of mercury, The particles were found to range in sige
from 8 to 12 millimicrons to 50 to 75 millimicrons. The particle size wass
relatively conataﬂt for each bacteriophage, even if it had been propagated
on verious orgaenisms, Diffusion of broth suspensions through a sintered
Jena glass dlec indicated the same relative slges of the bacteriophage par-
ticless Becteriophages purified by lysis or by washing behaved in the same
way as did unpurified preparations. The bacteriopheges with the smaller size
particles formed plagues which were relatively large in siss.

A3 & result of cataphoresis experiments mads with buffered broth
sugpensions at pH 7.4 and pH 4.2, all but one out of 20 bacteriophage strains
were demonstrated to be unquestionshly negative in their electrical charge
(23)+s The one unusual strain apparently had a very slightly negative charge
and it also behaved peculiarly in soms other physical respects. The elestro-
phoretic migration rates varied to a considersble extent betwsen the various
bacteriophages; and an attempt was made to use the differences &as & basis
for classification,

Kligler, Olitgki and Aschner (76) purified bacteriophages by
sdsorption on kaolin and subssquent elution with a weal ammonia solution.

Approximately go- buffers of citrate, cltrate-phosphate mixtures and sodium



hydroxide-glycocol solutions wereeoused. In ecid and decidedly alkaline
suspensions, the purified bacteriophage particles were amphoteric in nature,
but they were definitely negatively charged in neutral and mildly alksline
systems. When unpurified bacteriophsge preparations were used, migration
of the actively lytic particles was definitely to the positive pole, indi-
cating a negative charge upon the particles within the pH range which wes
uged.

Krueger and Temado (92) partially purified a coli bacteriophags
by cataphoretic means, the particles migrating into an agar gel from which
they were extracted with physiological saline., A relatively unstable
preparation having a concentration 1016 corpuscles per milliliter was pre-
pered in this way from a preparation in which the concentration was only
slightly above 107 particles per milliliter. The purified preparation hed
lous resistance to physical and chemicel sgents of inactivation than the
unpurified bacteriophage.

Girard and Sertic (49) used a centrifuge which developed & sedi-
mentation force 300,000 times greater than gravity to attain the partial
removal of bascteriophage from the suspension medium after ¥ hours.

High speed centrifugation was employed by Schlesinger (126) to
obtain and wash & purified bacteriophage. Chemical anglysis of a "puri-
fied" bacteriophage showed 42 per cent carbon, 6.4 per cent bydrogen, 13.2
per cent nitrogen and 3,7 per cent phosphorous, with sulfur undetermined,
indicating & structure largely protein, Ko indication of carbohydrate
was obtained, although there waas evidence of the pressnce of soms fat or
lipin,

Kligler and Olitski (7%) employed kaolin at a pH of 5.5 as en
adsorbent. for bacteriophage. Elution was by means of Tga godium hyiroxide.

By means of & second adsorption and elution, followed by dialysis for 6
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days under sterile conditions, they produced a suspension of basteriophage

free from protein by the usual tests.

Meyer and coworkera (113) purified bacteriophage by means of 2
series of precipitations of undesirable materials, precipitation and resug-
pension of the active principle, and finsl precipitation of foreign msterial,
The purified preparation was more sensitive to chsmical and physical agents
than the unpurified filtrate. The xenthoproteic and Greenbarg phenol reac-
tions were positive, the Molisch test weekly positive and the biurst,
Millon, glyoxallic aclid, nitroprusside and alkaline lead reactions were
negative, WNeither glycolysis nor oxygen uptske was sh:ﬁm by the concen~
trated bacteriophage.

By meang of a catephoretic apparatus, & coli bacteriophage was
purified so that it gave no chemical testa for protein substances and

suffered a decrease in titer from 10-8 %0 10'5 (125).

LeMar and Myers (95) used & Salmonelle enteriditis bacteriophage
active to the tenth tenfold dilution in their experiments upon the solu-
bility of bacteriophege in ether. Extrection with an equal volume of
ether considerably reduced the abillty of ths extracted filtrate to pro-
‘duce lysis. The solubility of tha bacteriophege in the dehydrated ather
extract was demonstrated by drying the extrect and dissolving the residus

in broth, the broth solution being capable of ceusing complete lysis.
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The natursl occurrence and artificial nroduction of orgzanisms
which are sensitive and non-gsensitive to basteriovhsse

Ths occurrence of bacterisl variants hes been receiving an
increased amount of attention during recent years and the relationship
between bacteriophage and variation has received ite share of notice.

The literature dealing with the study of bacterial variation is so exten-
sive that a comprehenaive review would be impracticel. Only those
articles which are more definitely related to the phenomenon of trans-
missible lysis of bacterial cells and the production of variants by means
of bacteriophage will\be diacuseed.

By allowing an apparently normal culture of Bacillus coli to
age, Gratia (51) found that vitreous areas in the colonies on the dried
agar film were made up of organisms resistant to the action of the
bacteriophage to which the parent strain was sensitive. Although the
parent Qtrain was non-motile, the resistant form was motile. Separation
of the two strains by means of fermentation tests was not possible,

In a later article, Gratia (52) reported the isolation of seven
different forms of variants from one strain of Bacillus coll by aging or
by bacteriophage action. The bacteriophage-resistant organismas were
divided into three groups: those which were resistant enough to curvive
end grow in the presence of a moderate quantity of bacteriophage but were
still slightly aeﬁsitive end had a tendency to form irregular and lyso-
genic colonies, those which were entirely resistant end were non-lysogenic,
and those which were mecheanically resistant because of their mucoid nature.

Using 6 straine of Bacillus dysenteriae Shigs, 5 of which were

typically smooth in growth form in broth, in stablility of emmlsion and
in type of specific agglutination and all of which were resistant to bac-

teriophage activity with the possible exception of a slight amount of
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sonsitivity in the case of the one strain which was not typically smooth,

Arkwright (3) studied the production of varisnts susceptible to the
action of bacteriophage. Sensitive variants were obtained from 4 cul-
tures, although aging for as much as 61 days wes necessary in some cases.
All of the types produced numerous variants which were resistant to bac-
§eriophage action. The sensitive variants were all of the rough typs when
preciplitation by selts was used as & critsrion, but they varisd in their
form of growth in bouillon and in their ability to emulsify in water.
The cultures retained their sensitivity for the duration of the experi-
mentg, a8 long as 3 months in some cases. The conclusion reached was
that compareble resistant and nonresistant variants are produced by bac-
toriophage activity and by other agents such as holding for extended
beriods.

Breinl and Hoder (8) obtained varisnts by streaking bacterio-
phage and sensitive culture on agar or by simultaneous inoculation of
broth with bacteriophsage and sensitive organism, the first method being
preferable., The resistant organisms obtained from the secondary growth
of thess cultures showed variation from the original culture of pare~
typhold organism in serological relationships, in bacterlophage sensi-
tivity and in cultursl cheracteristics, Some of the sscondary cultures
obtained, especially those from the agasr cmears, seemed to be intermediate
between the original culture and the stable mutants., Variants gimilar
to those resulting from the action of bacteriophages had previously been
obtained by means of the aging of the same original culture.

Tejgin (46) astudied the organisms which eppeared as secondary
growth following ths primary clearing of cultures of Shiga strain

dysentery bacilli in meat bouillon at pH 8.2, Three cultures were obtained

in this way, and all of them were resistant to the bacteriophagze which



wags responsible for their product.ﬁn. All three showed some tendency
toward the "R" form, broth in which they had grown not being uniformly
turbid becaunse the cells tended to precipitate at the bottom of the tube.
One culture showed the same fermentation characteristics as the parent
strain, one showed slight differences in the carbohydrates which it fer-
mented, while the third culture produced acid and gas from a considerable
number of carbohydrates. The first organism had lost its power of belng
agglutinated by a polyvelent anti-Shiga serum, the second one was agglu~-
tinated by & serum dilution of 1:800 and the third by a dilution of 1:1600.
The normal Shige organism adsorbed from the serum all the sntibodies
nctive againat any of the resistants. TFeeble and slow agglutination of
the normal strain by & serum dilution of 1:50 was possible after the re-
sistant strains hed adsorbed all they would from the serum.

Bacteriophages active ageinst Bacillus pullorum, Bacillus

gallinarum, Bacillus typhosus, Bacillus coli communis and Bacillus
dysenteriae were obtained from sewage by Hadley (54). After being sent '
through numerous transfers to remove any bacteriophage which might have
been carried mechanically, they were used to determine the bacteriophage
sénsitivities of the homologous organiems. The serological relationships
of the 5 organisms were also determined. With the exception of 2 cases
in which the bacteriophage action was very week but still slightly posi-
tive, the cultures showed the same bacteriophagical and serological
relationshipa.

Burnet (15) studied the relationship between the heat-stable
agglutinogens, as demonstrated by the sensitivity to agglutination by
sefa from known rough and smooth strains, and the sensitivity to bacterio-

phages active toward Sslmonella enteriditis, Bacillus typhosus and Bacillug

pullorum, By the use of six streins of bacteriophage, two groups of



organigmg of the smooth type and gsaingle group of the rough type were

establighed for Sslmonella enteriditig and Bacillus typhosus and one

rough and one smooth group for Bacillus pullorum. Some unstable inter-

mediate types were obtained by bacteriophage action upon sensitive cultures,
In most cases serological tests of the organiams divided them into the
rough and smooth types in the same way that the ;bacteriophage relation-
ships did. This parallelism was considered as evidence that the hest-
stable agglutinogens werse closely related to the specific adsorption of
the lytic principle which constitutes the first stage in the lysis of
bacteria by bacteriophage. When a change from rough to smooth or amooth
to rough was induced by a bacteriophage, the serological cheracterigtics
and the bacteriophage sensitivities changed simul taneocusly, although an
occasional organism derived in this way was not sensitive to all of the
bacteriophages of the typical group.

Using 15 bacteriophages, all of which were derived from single
plaque igolations from various sources but mostly from intestinel con-

tents, and a nmumber of Salmonella enteriditis and other strains of intes~

tinal bacteria, Burnet (16) found that three of the bacteriophages lysed
only smooth forms of bacteria, four only rough forms, two all normally
ocourring variants and six were irregular but, in genersl, lysed rough
forms ectively and smooth forms only weakly. Sensitivities were deter-
mined by plaque formation upon egar. The sera for agglutinstion tests
were from pure strainsg of rough and smooth organisms, and the designation
rough or smooth applisd only to the antigenic natures rather than the
appearance of the colonies. A smooth strain of Salmonella ganguinarum
which would not produce rough types in old cultures yielded rough types
as the result of bacteriophage activity. By the use of a strain of dbac-

teriophage which lysed only rough forms, it was possible to cause some
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rough cultures to yleld subcultures which were of the smooth type. Meny

different types of variants werse obtained from some rough cultures by the
uge of various bacteriophages. Apparently the "OY antigen was demonstrated
to be necessary for a reversion from rough to smooth in the true antigenic
senss. Usling mice for test purposes, the smooth forms derived from the
rough forms were found to be much more virulent than the rough forms.

No effect upon the sensitivity to bacteriophage was observed as a result
of the adoption of the pellicle form of growth or loss of the "H" antigen,
Thig investigator believed that the "gelection of spontaneous veriants"
rather than the development of immunity, as supported by d'Herells, was
the means of obtaining resistant strains by means of bacteriophage action,
He believed that the principle factor which determined whether or not a
cortain straln of bacterium was lysed by a strain of bacteriophage was

the capacity of the bacteriophage "to be specifically adsorbed by the

same entity that functions in serological reactions as the heat stable
("0" or "R") agglutinogen'. In support of this view, he pointed out

(s) that the presence or absence of heat-labile or "H' antigen is with-
out influence upon the behavior of a strain of bacteria toward bacterio-
phage, (b) that chenges in cultural behavior such as the pellicle~forming
"Q" variants which are unassociated with antigenic change have little or
no influence upon sgensitivity to the action of bacteriophags, {c) that
changs in the nature of the heat-stable antigen from "O% to "R" is asgo-
ciated with a sharp change in bacteriophage reactions, (d) that the
organisms which have common heat-stable antigens are very similar in the
rangs of bacteriophages to which they are sensitive, (e) that & bacterio-
phage is no longer adsorbed by organiams which have become resistant to
that bacteriophage, and (f) that organisms which are ssnsitive to bacterio-

phage action are still capable of adsorbing that bacteriophage even after
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they have been killed by means of heating to 1009 C., Spontansous, dia-~

continuous variation in the heat-stable antigenic struction was considered
to be demonstratable by means of f.he change of sensitivity toward bac-
teriophags which the culture in question underwent, The theory was
advanced that the bacteriophags probably produsced resistant variant
straing by selective sparing of those variants to which it was not speci-
fically adsorbed, there being only a limited rumber of variants which

could appear, the smooth and rough forms being two of them.

Burnet (17) investigated Selmonella gallinarum and bacterio=-
phage-derived resistants of ths same phase as the parent striaina. which
wers both rough and smooth end wers typical antigenically, morphologi-
cally and culturally. Three bacteriophages, one active against smooth
forms only, one active against both rough and smooth forms equally, and
one which lysed only the rough forms, were used, The original cultures
were each lysed by the 2 bacteriophages which lysed the form to which
they belonged, either rough or smooth. The resistant strains, whichk
wore obtained by the use of the bacteriophage which lysed both rough and
smooth strains, were sensitive to the bacteriophages which lysed only
ths cultures of the form to which they belonged, either rough or smooth,
but resistant to the bacteriophage which had caused their formation.
Kach strain adsorbed the bacteriophage to which it was sensitive and left
the other strains undisturbed.

The types of resistant secondary growth which may appear in
cultures that have undergone lysi# were classified by Burnet (18). He
divided them into (a) those with partial resistance, in which ths organ-
jems are resistant when the concentration of bacteriophege and groﬁth
products is high but which are sensitive in a fresh culture to which bac-

teriophage has just been added, (b) those which are permanently lysogenic,
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growing normslly but in symbiosis with a bacteriophage and producing a

filtrate lytic for the sensitive parent strain, (c) those which have
developed specific true resistance and do not adsorb bacteriophage or
permit its mltiplication at their expense, (d) those which are resies-
tant to bacteriophage bscause they are mucous-secreting forms which are
apparently mechanically protected, and (e) those which possess a non-
specific phasic resistance because of a change in phase between rough
and smooth.

Hadley (55) considered resistmnce to bacteriophage to be rela-
tive and not absolute, "SR" and "RR* forms which were not final or
absolute but usually capable of further dissociation by the action of
bacteriophage ("stronger phages") to which they are sensitive frequently
being formed. High resistance to bacteriophage was apparently seldom
acquired in a single step except by the action of an axtremely‘active
1lytic principle.

Powers (123) reported that 6 pairs of dissociated organiems,
five from the gemis Escherichiz and one from the gemis Aerobacter, were
soparable by msaﬁs of their bacteriophage sensitivites as well as their
morphological and cultural charascteristicas. By this means they were
geparated into the emooth and rough forms, When 8 bacteriophages, of
varying ranges of activity and all derived from sewage, were used to
test 161 cultures of the gemus Escherichia, 36 cultures were sensitive
to bacteriophage, plaque formation on ager smears being used as & cri-
terion,

In a study of bacteriophages active toward hemolytic strepto-
cocei, Evans (43) found that sacondary growth only occurred with some of
the combinations of sensitive organiem and bacteriophages which lysed

that organiam, The plaques formed by the Streptococcus bacteriophages
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wore usually less than a millimeter in diameter.

Doorenbos (39) found that an agglutinable cholera vibrio could
be transformed into a non-agglutinagble one, a hemolytic organism into a
non-hemolytic one, and a feeble indol reactor into a strong indol reactor
by the use of bacteriophage.

Grumbach (53) believed that variations in colony form, growth
in bouillon, ability to split esculin, reduction of litmis milk and hemo-
lysis were related to the action of bacteriophsge in producing Entero-
coccus variants, "Flatterformen® were shown in the first agar culture
by 39 of 66 freshly isolated cultures and, of the 27 which ghowed no
such forms, 16 were strongly dissociable, The conclusion was reached
that the greater part of the variants which arise among the sireptococci
are due to the action of bacteriophage.

Chen (26) obtained smooth and non-motile, motile and rough,
and non-motile and rough variants of an originally smooth and motile

culture of Vibrio cholerae after growth with bacteriophage for several

wesks, with transfers and additions of bacteriophsge at weekly inﬁerval S,
Two transfers each day in peptone water tended to cause all three of the
variants to revert to the original type, but only the motile and rough
form tended to revert when the transfers were made upon agar slants,
Animal passage also tended to cause reversion., The rough variants were
spontaneously agglutinable and gave gramlar growth in broth while the
smooth variants were not spontanebusly agglutineble and grew uniformly
in broth. All of the cultures were culturally typical, although they
showed slight variations serologically.

Mutants derived from a atrain of apparently bacteriophage-

free Salmonells enteriditis by means of an Escherichia coli bacteriophage

were studied by d'Herelle and Rakieten (38)» The mutants were cbtained
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most readily by ths addition of a minute quantity of young culture and

one drop of a potent bacteriophage to sach of a series of tubes of
bouillon and holding at room temperature for 15 to 20 deys, after which
the cloudiest cultures were plated and various colonies were picked.
Eight mutants, all of which were comparatively stable, wers used, Vhen
first isolated, all eight of these cultures were lysogenic, filtrates
from them lysing the original culture. After 150 transfers, sll of the
cul tures were étill 1ysogen1c; elthough the bacteriophage was so atten-
uated that plague formatlion, rather than lysis, had to be used for the
detection of the lytic principle; The bacteriophages which were asso-
clated with two of ths cultures after 150 transfers were so attenuated
that they would not lyse the original cultura, action only being
detectable upon more sensitive test orgeniems. After 40 monthse, ell of
the strains were still lysogenic but only when very sensitive st¢trains of

Salmonella gallinsrum and Salmonella suipestifer were used, although

sach bacteriophage still possessed its dietinctive characteristics.
After 50 transfers, all mutants were still non-sensitive to the parent
bacteriophage but, after 100 trangfers, four were partially censitive
and four were still non-sensitive., After 150 transfers, all of the
mutants had reverted sqfficiently to show some degree of sensitivity
and they varied from virulent to avirulent toward mics., The mutants all
hed the same sugar fermentation characteristics as the parent culture,
The agglutinative and Aggluxiuogenic characters of all of the mutants
were different in some respect. The poasibility of adding & second or
even a third bacteriophage to & lysogenic orgenism with the resul tant
establighment of a multiple symblosis was shown. Thess workers believed
that bacterial strains were undergoing constant change as a result of

the action of bacteriopheages and that only isolated cultures of bacteria
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maintained constant characteristics,

d'Herelle (35) found that forms of bacteria resistant toward
bacteriophage developed more readily in large volumes of liquid when
there were larger mumbers of organisme from which variants could arise,
When first isolated, the variants obtained by bacteriophage astion were
non-agglutinable by specific sera from the parent strain, but they

regalned their agzlutinability after growth for some time upon gelatin,



Variation in stregfbcoccue lactis

There have been few studies of the varlation in the species

commonly known as Streptococcus lactis,

Buchanan and Truaex (14) attempted unsuccessfully to obtein high

and low acid strains of Streptococcus lactis by selsection at esch of 23

transfers., They found that there was no tendency for divsrgence from
the mean acid production; in fact, continued growth under uniformly
favorable conditions seemed to render the organisms less variabla.

Harriman and Hammer (66), using Streptococcus lactis, Strepto-

coccus lactis var, maltigenes and Streptogoccus lactis var. hollandicus,

obtained only 97 elow cultures from the 6,475 colonies picked from
plates of 10 original cultures carried through & series of platings,
Both uncoasgulated cultures and old cultures of rapidly coagulating

strains gave about the same ratio of slow to normel Streptococcus lactis

cultures, as did the normally coagulated cultures. It was found that
the rapidly coagulating cultures almost slways produced a greater emount
of amino nitrogen, indicating that the speed of acid formation probably
had a physiological basis related to the nitrogenous nmutrition of the
cell,

Orla~Jensen (120) considersd the lactic acid streptococei to
be very stable in their characteristics when held for considerable
periods in his leboratory. He demonstrated that there were numerous
quelitative and quantitative differences among the atrains of orgeniams

commonly included under the designation Streptococcus lactis and he used

soms of these differences, espeaislly those of carbohydrate fermentation,
a8 bases for the creation of a mumber of new spsciles.
Hammer (60) found that non-ropy cultures could frequently be

obtained from ropy cultures of Streptococcus lactis but that ropy strains
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were only rarely sscured from non~ropy strains.

Hammer and Beker (61) designated four varisties of Strepto-~

coccug lactis, each of which was atypical with respect to one charac-

teristic, and placed the orgenisms which resembled Streptococcus lactis

except for their thermel tolerance in a separate species, Streptococcus

thermophilus. Streptococcus lactis var, gnoxyphilus and Streptococcus

lactia var, maltigenss appeared to be rélatigely stable. The slowly

developing strain or Streptococcus lactis var. tardus was not constant,

organisms which would be placed in this group frequently being obtalned
from normal cultures, especially those which had bsen held for soms

time, The degree of slowness was not constant., Streptococcus lactis

ver, hollandicusg was shown to be capasble of giving rise to normal strains

of Streptococcus lactig under ordinery conditions of menagement. Holding

at 37° C. completely overcams the ropy characteristic in ths culturea
which were studied.

Hammer and Patil (63) demonstrated that, by means of soluble
and amino nitrogen determinautions made upon milk cultures, Streptococcus
lactis cultures could be divided into two groups: those which were defi-
nitely proteolytic and cbagulated wilk rapidly at 21° C., and those which
were ndn~proteolytic and were variable in the speed with which they
coagulated milk at 21° C. The correlation between proteolysis and
speed of cosgulation did not hold as satisfactorily at 30° C, or 37° C.
as at 21° C, The amount of proteolysis was apparently a constant char-
acteristic of each culture studied.

Stark and Sherman (136) studied 235 cultures of Streptococcus

lactis obtained from various sources and found that, while many of the
biochemical characteristics were the same for a1l of the cultures, there

was great veriation among the organisms with respect to the carbohy-
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drates which they fermented. Using only arebinose, xyloss, suorose and
mannitol, organiems fermenting nine of the sixteen possible combinations

of these 4 test substances were obtained, Streptococcus laotis cultures

fermenting the other ssven possible combinations of these U4 substences
were found desoribed in the literature. No statement concerning the
stability of types was made.:

From this brief review of the literature, it is evident that

some variation oceurs with the Streptococcug lpotis organism, The cul-

tures carried in pure culture under uniform laboratory conditions are
apparently relatively stable. Under nstural conditions of varying
temperatures, growth media, symbiosias, etc., variants are sesmingly
more commonly found, since so many different strains or at least very
closely related organisms have been igsolated from a variety of habitats.
Experimentelly induced variation 1s, however, epperently unreslized at

this time among the members of the species.



EXPER IMENTAI? 5METHODS

The filtrates containing the strainsg of inhibltory principle
which were used in the studies hereln reported were obtalned originally
from butter cultures, The coagulated culture was first filtered through
an ordinary coarse filter paper to remove the coagulum. The whey ob-
tained in this manner was then filtered through a grade N Berkfeld
filter, under negative pressurs, clear filtrate resulting. When it was
desired to obtain a filtraete from a culture which had not yet coagulated,
sufficient dilute lactic acid was added to the culture to cause coagu-
lation, The coagulated culture was then filtered in the same way as a
naturally coagulated one., When inhlbitory principle was propagated in
broths, the cultures were filt;ered by means of & Berkfeld filter without
previous treatment. All of the equipment utilized in the hendling of
the cultures and filtrates was sterilized at 15 pounds pressure for at
least half an hour in the mutoclave. The filtrates were culturally and
microscopically sterile and did not develop secondary growth. Occasional
contamination with mold occurred because of the prevalence of mold
gspores in the air of the laboratory.

Streptococous lactis cultures were obtained by plating the

material from which isolations were to be made on tomato Jjulice egar.
incubation was at room temperature. Isolated colonies were inoculated
from the plates into sterile litmus milk, If the litmus milk cul tures
were of the type characteristic of Streptococcugs lactis, they wers kept
for study. In many cases, the cultures were purified by a second plat-
ing upon tomato juice egar, followed by relsolation into litmus milk,

The Streptococcus lactis cultures retained for further study were trans-

ferred at 3 or 4 day intervals into fresh litmus millk and incubated and
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held at room temperature.

During the eummer of 1935, partially coagulated litmus milk
cultures were stored in the ice cresm hardening room at & temperaturs
of approximately -15° F. (-26.1° C.). At the end of the % month storage
period, the cultures were allowed to thaw at room temperature and were
reinoculated into litmus milk., Usuelly 2 transfers sufficed to bring
about the restoration of the normal growth rate. The stock cultures
stored in this manner apperently retained their culturel and sensiti-
vity characteristics.

The activity of the filtrates containing inhibitory principle
usuglly was determined by the addition of 0.1 ml. of the filtrate to
approximately 8 ml, of l1itmus milk, followed by the. inoculation of the
wmilk with a drop of a 24 hour culture of the test organiem grown in
litmus milk or occasionslly in tomato julce broth. A control culture
which was inoculated with bacteria but to which filtrate was not added
was made each time, Observations of the cultures were usually made at
2 hour intervals du.riug, the period from 16 to 30 hours after inoculation
and at less frequent intervals thereafter. The ssquence of the changes
occurring in the milk and the time required for coagulation were used
as the criteria for the determination of inhibition of the culture by
the principle present in the filtrate. If the culture to which the fil-
trate bhad been added required an appreciably longer time, 10 hours or
more, to coagulate than the control culture required or if thse test cul-
ture containing filtrate remalned unchanged for some time after the con-
trol culture becams either coagulat'ed or acid and reduced, ths filtrate
was considered to be inhibitory to the strain of organism used for test-
ing purposes. The second condition was necessary because, in some

cases, the growth of secondary organlsms, which occurred as a result of
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the action of inhibitory principle, was so rapid that coagulation

occurred in almost normel time. The seme method was also used to deter-
mine the sensitivities of S, lactis and of other organisme to the amction
of the inhibitory principle, filtrates of known activity being usaed.

A gecond msthod which was used to a limited extsnt in the
study of the sensitivity of S. lactis cultures to inhiditory principle -
end also to determine the presence of the principle in filtrates was
the determination of plaque formation upon solid media, From 12 to 14 ml,
of tomato juice agar (pH 6.8) were poured into each petri plate and
8llowed to harden and dry before several drops of young culﬁu-e of bac-~
teris were spread as evenly as possible over the surface. The plats
was again allowed to dry before loopfuls of the filtrates were placed
upon the surface of the agar in areas which were marked off by wax pencil
upon the backs of the plates, The loops delivered & little less than
0,01 ml, of filtrate. ZIxcept in the cage of the lactobacilli, incuba-~
tion of the plates was at room temperaturs, Observations wers made at
the end of 24 and 48 hour intervsls. The presence of plaques, which
ere areas free from the growth of bacteria, at the spot where the fil-
trate was placed was considered as evidence of the presence of inhibitory
principle to which the test organism was sensitive.

The dilutien method was used to determins the titers of the
filtrates containing inhibitory principle. Although the method has its
digadvantages, the pxjincipal one being thet only the minimum ainount of
filtrate which will ceuse inhibition and not the absoluie amcunt of in-
hibitory principle present in the filtrate is determined, the advantages
of simplicity and general adaptebility to filtrates of varying titers

and virulences make it preferable %v the other mothods which have been

suggested, Ordinary 99 ml. sterile water blanks were used, L ml. of ths
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filtrate or of & previous dilution of the flltrate being added to the

blark., O.1 and 1 ml., quantities of diluted filtrate were added to 8 ml.
quantities of litmue milk which were them inoculated with 24 hour cultures
of the test organisms. Thorough sheking of the culture before incubsa-
tion, which was always at room temperature, was found to be absolutely
necessary. The smallest qQuantity of filtrate, expressed in milliliters,
vwhich would camse a significant retardation of typical acidification

and reduction or coagulation was considered to be the titer of that £il-
trate, If 0.000000001 ml, of filtrate was found to be the limiting active
dilution, the titer of the filtrate was expressed as 1079, The tests
wers slways made in duplicate. If ome duplicate indicated a titer of
10"9 end the other indicated 10‘10. the titer of the filtrate in question
was designated ag 10"9"78. The results obtasined by this method of esti-
mation were almost invariebly duplicasble, indicating that the method

was reasonably accurate for its purposs.

The 1itms milk which was uged in these studies was prepared
from pasteuriged skim milk to which a sufficient amount of aqueous infu-
sion of litmusg oﬁbea hed been added to impart & slight but definite blue
color., Sterilization was at 15 pounds of stesm pressurs for 25 minutes.

The tomato juice agar was mede by using 20 per cent clear
tomato julce, 1 per cent Bacto proteoss peptone, 1 per cent Bacto pep-
toniged milk, 1.5 per cent agar and water to make 100 per cent, The pH
was adjucted colorimetrically and chacked electrometrically after steri-
lization, if the effect of pH entered into the experiment. If a buffer
was desired, -2% phogphate was added prior to the adjustment of the pH,
Tomato Julce broth was made in the seme way, except that the agar was
onitted.

Beef infusion droth was made from 0.5 per cent Bacto peptons,
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H0 per cent beef infusion and water to make 100 per cent, The beef infu-

sion was prepared by infusing one pound of lean ground beef in 500 ml. of
distilled water at O°to 10° C., overnight and expressing the infusion by
pressure efter first heating to 45° C. The pH was adjusted colorimetri-
cally ﬁnd checked slectrometricelly after sterilization,

Buffered milk digest broth was meds by adding 1.5 per cent Bacto
peptonized milk to distilled water. Potassium acid phthalate was used
for buffering at pH levels below 6 and disodium phosphate was used above
pH 6, the concentrations being -2% in each case., The pH was adjusted
colorimetrically in each case and checked electromstrically following
gterilization,

Unbuffered milk digest broth was prepared by adding 2.5 per

cent of peptonized milk to distilled water.
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THE SOURCES OF MATHRIALS
In order to make them readily avallable in one place, the
sources of the filtrates which are specifically mentioned by a mmeri-
cal or alphabetical designation In the section upon experimental results

are shown in t%able I. The sources of the cultures of Streptococcus

lectis are shown in table II.
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Table 1,

The sourcee of the filtrates

Filtrate Date
mumber fecured Source Remarlks
1 10-19-34 BC232 Slow 10 gel. culture in
cresmsry.,
2 10-19-34 BC232 Slow 10 gel. culture in
creamery.,
3 10-19-34 BO232 Slow first transfer of
gource of filtrate 1.
5 10-25-34 BC232 Normel leboratory culture.
6 10-25-34 BC232 Slightly slow in milk
exposed 1n laboratory.
7 10-25-34 BO232 Slow third transfer of
source of filtrate 1.
9 10-25-34 BC15/3 Slow leboratory culture.
10 10-25-34 BC232 Slow in milk exposed in
cresmery.
1 10-27-34 BC15/3+¥191
1 10-27-34 BC232+F1
16 10-27-34 BC15/1 Slow laboratory culture.
17 10-27-34 BC15/14T191
21 11-13-34 BO103A Slow lamboratory culture.
29 11~23-34 s42+F10
30 11-23-34 s42+F1Y
32 11-23-34 gh2+¥191
35 12-16-34 sh2+¥29 Incubated 12 hrs, before
sddition of filtrate.
36 12-16-3k S42+¥29 Incubated 18 hras. before
addition of filtrate,
k] 1-16-35 BC15/3 Slow 10 gal., culture ia
creamery.
ik 1-18-35 S97+F21
g 1-25-15 BC15/3 Normal in milk exposed in
lzboretory.
4g 1-25-135 BC26 Normal ir milk exposed in
laboratory.
50 1-25-35 BC232 Normal. in milk exposed in
laboratory.
51 1-25-35 BO15/1 From source of inoculum from
which ¥52 was obtained.
52 1-25-35 BC/151 Slow laboratory culture.
53. 1-25-35 BO15/1 Slow in milk exposed in
creamery.
54 1-26-35 B0232 Slow in milk exposed in
creamery.
55 1-26-35 BC15/3 Slow in milk exposed in
croamery.
61 2-13-35 B8C15/3 Slow and ropy in 1 gal. can.

62 2-14-135 §113+F3 Plaque isolation.,
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2-19-35
2-28-35
2.28-35
3-9-35
3-9-35
o3
3-14-35
a2
3-14-35
3-15-35
3-16-35
-26-35
11-35
4-11-3%
4.11-35

42235
42235
Y.22-.35
Y.22-35
5=-2-35
5235
H=2=35
5=2-35

5=6-35
5-27-35
5-30-35
5=30-35
5=31=35
5~31-35
9-26-35
10-9-35
10-9-35
10-9-35
10-11-35
10-11-35
10-11-35
10-21-35
Unknown

10-24-135
10-26-135
10-30-35
11-5-35
11-5-35
11-5-35
11-5-35
11-5-35
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BC1U6
S161+F61
8163+F191
S83+¥72
S163+F73
s42+F7
sk2+y
8161+F72
BC15/3
B0232
BC15/3
BC232
BO15/3
BCCR
S99+F191
$99+F1.91
S99+¥F191

S99+F118
599+¥123
S147+F191
S1U7+FL24
S147+¥129
S111+F54
§97+F110
81114554

899+¥127
147+F132
S97+F135
S99+FLL2
S93+F1h2
S1UT+F1L32
BC232
S9T+F135
899+F157
S147+4FL58
S974F160
S97+F161
§99+F162
S97+F62
BC15/3

8163+¥1 34
816347192
§213+¥191
$97+F167
S97+F6L
S97+F185
S1U7+F1 M
SR+FR

Teble 1 (contimed)

Slow laboratory cul ture.

Grown in raw milk,
Grown in raw milk,
Grown in raw milk,
Grown in raw milk,
Yormal lzboratory culture.

30° 0. incubation.
309 €. incudation for U4 hr.
before filtrate addition.

30° C. incubation.
30° 0. incubation.
30° G. incubation,

Tomato juice broth at

pHE 7.8 used.

Slow in 400 gol. vab.

Obtained from Harriman,
Iowa State College.
3 propagations.

" 5 propegations.

5 propagations,

3 propagations,

6 propagations,

FR obtained from Whltehead,
¥, 2. Institute for Dairy
Research,
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Table 1 (continued)

210 11-5-35 SRW+ITRW FRW obtained from Whitehead,
N. Z. Institute for Dairy
Research,
211 11-7-35 S97+F206
212 11-7-35 S97+F207
213 11-7-35 s1l7+F208
215 11-7-35 SRW+F210
218 11-11-35 S163+F198 2 propagations,
- 235 11-16-35 . S99+F168 4 propagations,
236 11-16-35 1474761 2 propagations.
2u6 11-23-35 BC122 Slow culture from sample from
, a commercisl creamery,
2lén 11-26-35 S122FE+F191 2 propegations,
2U7e 11-23-35 BCM Slow leboratory culture.
251 11-26-75 SR+%206 2 propagetions.
256 12-12-35 S153A+F191
257 12-12-35 S15304F138
265 12-14-135 $1530+¥257
266 12-17-35 BCFL Slow and ropy laboratory
culture.
27 1-6-36 BCA Slow laboratory culture.
27 ‘ 1-6-36 BCB Normal lsboratory culture.
275 1-6-36 BCC Slow laboratory culture.
276 1-9-36 S97+F212 2 propagations.
278 1-9-36 S147+F213 2 propagations,
296 1-20-36 S97+F61 Plaque isolation propagated
twice,
300 1-24-36 S97+F3 Plaque isolation propagated
o 3 times.
310 1-29-36 S97+¥276 2 propagations.
311 1-29-36 S147+F¥278 2 propagations.
313 2-3-36 SRW+F210 4 propagations.
315 2-6~36 BC122F Slow and ropy 10 gal. culture
in creamery.
U5 2-14-36 BC103 Slow and ropy laboratory culture.
359 2-19-36 BC232 Leboratory culture saturated
with oxygen.
363 2-19-36 BC122F Laboratory culture saturated
with oxygen.
367 2-21-36 BC16 Normsl lsboratory culture.
368 2-21-36 3013/3 Normal lsboratory culture.
369 2-21-36 BC146 Normal lsboratory culture.
370 2-21-36 BC19/1 Yormal lsboratory culture.
N 2-21-36 BCCY Normel laboratory culture,
372 2-21-36 BCG Normsal lsboratory culture,
37 2-21-36 BC103 Normal leboratory cul ture.
37 2-21-36 BOF Normal laboratory culture.
37 2-21-36 BOH% Normal lsboratory culture,
38 2-26-36 BCLOL Normal laboratory culture.
385 2~26-36 BC233 Normal laboratory culture.
386 2-26-36 BC92 Normal laboratory culture.
387 2-26-36 BC66 Normal laboratory culture.

388 2-26-36 BCM, Normsl laboratory culture,
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Table 1 (continued)

789 2-26-36 BCHY, Normal laboratory culture.
A 1-13-36 S97+7206
B 1-13-36 S147+F213 2 propagations,

BC = butter culture
I = filtrate

§ = §. lactis culture
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Table 2

The sources of the Streptococcus lactig cultures

Culture Date
number Source isolated Remarks
220 BC22
25 BC15/1 11-8-34
27 BC15/1 11-8-34
! BC232 11-8-34
2 BC232 11-8-34
4y BC232 11-8-34
o1 BC19/1 11-15-34
68 Raw millk 11-15-34
whey
72 Sour raw 11-15-34
milk
75 Sour raw 11-15-34
milk
83 BC15/3 11-15-34
88 BC15/3 11-15-34
971 BC232 11-15-34
99 BC232 11-15-34
101 BCH 11-13;3&
103A BC103 11-1 33
111 BC146 12-13-3
113 BC232 1-1l-35
122FR BC122F 11-4-35
1463 BC146 10-17=-35
1460 BCL46 10-17-35
147 BCS 1-14-35
148 BCS 1-14-35
151C BC15/1 12-9-35
151K BC15/1 12-9-35
153A BC15/3 11-24-35
1530 BC15/3 11-24-35
161 8113+¥F9 2-13-3H Isolated from secondary
growth in a plaque,
163 S99+ F54 2-13-35 Isolated from secondary
growth in a plaque.
167 sh2+T54 2-13-35 Isolated from secondary
growth in a plague.
176 BO15/3 2-20-35 Slightly ropy.
178 sh2+F6l1 2-25-35
180 S111+F6l 2-25-35
183 5113+F3 2=-25=35 Isolated from secondary
growth in a plaque.
185 S113+F7 2=-25=35 Isolated from secondary
growth in a plaque.
197 S161+F21 3-8-135
201 S176+555 3=8~35
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Table 2 (contimed)

S185+F61
§185+F41
S185+F54
sh2+F72
S178+F17
S185+F72
S185+F73
S97+F1
S197+F61
S206+¥73
BC232
BC233
8214+F73
$21U+¥80
S99+F80
S217+F191
s22U4F17
S97+F72
S97+F110
S163+¥F191
S185+F191
S99+¥123
S263+F119
8281+F118
S148+F41
S273+¥]2
S281+¥128
S288+F1 28
S288+F142
Sour raw

milk
S146B+F191
S122FE+F134
897+F206
S151C+Fi1
S151C+F138
8151C+F168
S233F4+F191
S151C+F191
S363+F1U
S363+FH1
S363+T51
S363+F1 38
S2335+F315
S233F+F5l4
S97+¥315
S97+¥F211
BCFL

3-11-35
3-11-35
3-11-35
3-16-35
3-16-35
3-16-35
3-16-35
3-19-35
3-19-35
3-19-35
11-24-35
11-24-35
3-19-35
3-19-35
4.7-35
4.7-35
h-7-35
4-13-35
4-13-35
4-13-35
4-13-35
4.23-35
4.23-35
Y.23-35
5135
5-1~35
5-1-35
=135
6-3-35
10-6-35

12-11-35
12-11-35
12-11-35
12-14-35
12-14-35
12-14-35
12-14-35
12-16-35
12-16-35
12-16~35
12-16-35
12-16-35
1436

3-4-36

3.4-36

3-l4-36

11-20-35

Obtained from Whitehead,
Y. 2. Institute for Dairy
Rasearch,

Obtained from Whitehead,
N. 2. Institute for Dairy
Regsarch.

BC = butter culture
5= 8, lactig culture

F = filtrate



: 87
EXPERIMENTAL RESULTS

Part I. The inhibltory principle and its action upon ths
organisms which ocour in butter cultures,

The characteristice of the fllitrates obtained from
various normal and alow butter cultures.

The various bacteria-free filtrates which were obtained from
a variety of normally and slowly coagulating butter cultures were tested
for the presence of inhibitory principle by addition to litmus milk
similtansougly inoculsted with various cultures of §. lactis which were
auged for test organisms, The cultures which were used were not the seme
in 8ll cages, becanse the 8. lactis strains with which the tests were
made were chosen to include the greatest possible range of sensitivity
to the action of various strains of lnhibitory principle. Since con-
stant additions were made to ths culture collection, new streins of
S. lactias gradually replaced meny of the cultures which had been used
for earlier determinations.

In order to compare the inhibition characteristics of the fil-
trates from slow butter cultures with those of filtrates from normal
cultures and to compare the strains of S. lactis inhibited by one fil-
trate with the straing inhibited by other filtratss derived from the
game butter culture, the data concerning a mmber of filtrates ars
asgembled in table 3. The filtrates are grouped according to the dutter
cul ture from which they wers obtained. The filtrates from & single
strain of butter culture are also separated into those which were ob-
tained when the culture was in a slow condition and those which were
obtained when the culture wes in a normal condition.

The filtrates obtained from slow butter culture 232, while
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showing a certain degree of group relationehip, were quite diverss in

their behavior toward the same teet organiesums, The one common charac-
teristic with respect to inhibition shown by these 6 filtrates is the
ability to retard the growth of §. lactis culture 97. Two groups can

be distinguished, thome which inhibited only organism 97 and possibly a
few very closely related cultures end those which inhibited a considerable
group of organisms. In the second group, the 3 filtrates are all slightly
different, there being slight variations in the strains of §, lactis
inhibited by the individual filtrates.

Filtrates which were divisible into 2 groups were obtained
from butter culture 232 which coaguluted in normal time, Three filtrates
which were unable to inhibit any of the organisms with which they were
tested were included in the firat group., Filtrate 50 of this group was
obteined ut the same tims that filtrate 5% was obtained from a slow
transfer of the some butter culture. Although a mumber of organisms
was gsensitive to the action of filtrate 5%, none was affected by fil-
trate 50. The ®econd type obtained from & normally coagulating transfer
of butter culture 232 was reprasented by filtrate 359 which inhibited
organisms 97 and 327, tlms showing ite relationghip to other inhibitory
filtrates from the sasme strain of butter culburs,

The filtrates from slow cultures of butter culture 15/3 were
all cherecterized by their ability %o inhibit & large mumber of straians
of $, lactis. Ho two of these filtrates were active against all of the
same test organiems, although the Y4 filtrates did inhibit a considerable
mumber of orgaunisms in common., This is especially notaworthy because 3
of the filtrates were obteined within a period of a month while ths
fourth filtrate had been obtained a year earlier,

Filtrate 48, which was obtained from & normally coagulating



Filtrate

A comparigon of the imhibition characteristics of the filirates

Date of

Butter cul ture

obtained from normal and slow butter cul tures

S. lactis cultures

S. lactis culturss

mumber igolation ¥umber Type inhibited not inhibited
1 10-19-34 232 s 97,113,147 42,47,72,75,83,88,99,
111.161.185
2 10-19-34 232 s 97 47,68,72,75,83,88,
110,111
3 10-23-34 232 s u2,47,97,99.111,113, 72,75,.88,161,163,176,
. 147,180,185 183
10 10-25-34 232 s 37,42,47,83,88,99,97, 25,27,68,72,75,110,
111 113
54 1-26-35 232 ] 42,47,83,97,99,111, 27,72,75.88,113,147,
176,180,185 161,163,183
159 9-26-35 232 s 97 42,47,75.83,88,99,
111,113,147,180,185
50 1-25-35 232 N -— 42,47,72,88,97,99,
111,113
97 3-14-35 232 ¥ -— 42,75,97.,111,113,161,
163.176.185
104 3-15-35 232 N -— 42,75,97,111,113,161,
163,176,185
359 2-19-36 232 N 97.327 22¢,83,99,122F8,146C,
147,151C,1530,185,
232T.233F.386.FLJ.
R BVW
3] 1-16-35 15/3 5 22c ,42,47,83,97,99, 72,88,151C,161,163,
111,113,122F%,147, 183,R,R¥
) 1530.180,185.386
55 1-26-35 15/3 s 220,97,99,111,151c, k2, h7,72,88,113,161,
1530,176,2327,233F, 163
F1J
61 2-13-35 15/3 s 22c,42,47,83,88,97, 12.75,163,183,R,R¥
99,111,113,147,
1?}0,180,185.232T.
o o 2330 . o
191 Unknown 15/3 S 22¢,83,99,122¥E,146C, 97,1530,183,232T,%LJ,
, 147,151¢,185,233F, R,RW

68
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transfer of butter culture 15/3 d\gxgtng the same perlod as were several
of the filtrates from the same butter culture in a slow condition
inhibited many of the test organisms against which the filtrates from
slow cultures were active, Filtrates 96 and 98, which were obtained
from different transfers made at the same time from a single culture
demonstrate the variations which may occur under such conditions. Ths
differences in the handling of the cultures which yielded these fil-
trates will be discuseed in a later section, Filtrate 368, whichwas
obtained almost a year later than the last prior filtrates from the
some culture had entirely different inhibition charecteristics.,

The 2 filtrates which were obtained at & 15 month interval
from transfers of butter culture 103 which failed to coagulate in a
normel period of time were quite different in their abilities to inhibit
the various strains of 5. lactis which were employed for test purposes,
The normal transfer of butter culture 103 yielded a filtrate which,
g8lthough obtained only 7 days after active filtrate 345 had been secured,
was inasctive, apparently containing no inhibitory principle.

Of the 21 filtrates obtained from slow cultures, only three
contained no demonstratable inhibitory principle when pure cultures of
sengitive strains of S. lectis wore used as test organisma, These 3
filtrates were 246 which was obtained frow butter culture 122, 69 which
was obtained from culture 146, which only once in 18 months showed any
of the vieible characteristics of a typicelly slow butter oculture, and
275 from culture C whose history was unknown, it heing s commercial
culture, Of 28 filtrates from butter culitures which coagulated nor-
mally, eleven apparently contained no inhibit;:ry principle. Most of
the remaining 17 filtrates inhibited only one organism or & few closely

related organisms. In most instances, each of the filtrates was elightly
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different from any of the other filtrates obtained from buttsr cultures,
indicating that the inhibitory principle in butter culturss is apparently
non~gtatiac in character from both gualitative znd quantitative stand-

points,

The effect of exposure of the milk substratum to air
upon the production of inhibitory principle
by dbutter ocultures

To determine the effect of the exposure of the milk to be used
for sterter making to the eir, quantities of drim milk, umally shout
3 1., were sterilized in the autocleve at 15 pound pressure for 30 min-
utes, cooled and then divided into either 2 or 3 parts. One part was
pleced in a 2 1, evaporating disch and the uncovered digh set on &
tabls in the butter culture room in the college oreamery., A second
portion was slso expoeed to the eir in a similar container in the bas-
toriology leboratory. The uncovered dishes were left exposed for verious
periods of time before the milk was plsced in 140 ml, quantities in glass-
stoppered bottles and inoculated with approximatsly 0.6 per cent of the
various butter cultures, Usually a third portion of the milk was imms-
dintely pleced in bottles and held at 21° C. to be inoculated as controls
for the cultures grown in the lots of milk exposed to the air. When .a
culture grown in one of the expossd lots of milk wae slow to coagulate,
filtrates were obtained from the culture and from the other transfers
of the same butter culture and the cheracterietics of the different fil-
trates determined end compsred.

The development of acidity by a mumber of cultures ssemed to
Pe wnretarded when they were grown in the milk exposed %o alr. In one
series of experiments, the 2 lots of milk wers exposed to the air for
23 hours prior to inoculation with butter ocultures 15/1, 15/3, 22, 26,

103 and 1U6. All of the oultures, except 15/3 in the milk exposed in



the culture room in the creamery.gzcoagulated a8 repidly in the exposed
milk a8 in the unexposed milk. At ths time thet filtrates 5, 6 and 10
were obtained from butter culture 232, cultures 103, ¥, 15/1, 15/3 and
19/1 were aleo used but did not suffer any appreciable retardation of
acid production when grown upon the milk exposed to air before inocula-
tion. Cultures @, O3, 17, H, 19/1 and 22 grown at another time in milk
exposed for 16 hours in the culture room and in the leboratory coagulated
88 rapidly as oultures inoculated into unexposed milk from the sams lot
of sterilized milk. Two months later, butter cultures X, 3, 22, 103,
233, Oy, 17, Hp and 19/1 were inoculated into the lots of milk exposed
to alr that were used to obtain slow cultures of 15/3, 26 and 232. 4ll
of the members of the group coegulated in the normal periocd of tims.
The data conceorning the filtrates obtained from the cultures
which were slow in milk exposed t¢ air or from the conirol cultures
which cosgulated in a normal period of time are given in table 4, 1In
3 of the 4 comparisons, the culture exposed to the air in the butter
culture room in the creamery yielded a filtrete which wes inhibitory to
- gx'eatér veriety of strains of S. lactis than the filtrate from the
culture which was exposed to the alr of the bacteriology laboratories.
The difference was especially noticeable in the case of filtrates 6
and 10. The former, from a culture in milk exposed to the air of the
laboratory, did not inhidbit a single test organism while the latter,
from a oculture which had besn sxposed in the culture laboratory in the
creamery, was active against the majority of the organisms with which
it was testsd. The situation was reversed in the case of butter cul-
ture 15/3, tim transfer in ths milk exposed in the laboratory yielding

a filtrate which inhibited the growth of a greater variety of organiame

than was inhibited by the filtrate from the culture exposed in the
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Thg effect of exposurse of storilized milk to air uwpon the
production of inhibitory principle in butter cultures

Filtrate Butter Exposure Coagnlation S. lactis cultures S. lactis culturss

rumber culture  Place Pime (hr.) time (hr.) inhibited by filtrate not inhibited by
filtrate
232 - —— lh‘ - u20u7'57 l72’88 097 s99o
101,111,113
232 Laboratory 2% 16 —-—— k2,47,57,72,88,97.99,
101,111,113
10 232 Creamery 2 30 42,47,88,97,99,
101,111 57,72
4g 15/3 Laboratory 16 15 42,47,88,99,101, 57,72,97,113
111
55 15/3 Creamery 16 27 97,111 k2,47,57,72,88,99,
101,113
ig 26  Laboratory 16 15 42,101 47,57.72,88,97,99,
111,113
- 53 26 Creamery 16 20 97,111,113 L2 .u7.57.72.88.99.
101
50 232 Lsboratory 16 15 — k2,47,57,72,88,99,
101,111,113
54 232 Cresmery 16 12 111 42,47,57,72,88,97,

99,101,113

£6
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The rosults of these experiments are inconclusive. Although
the exposure of the steriliged milk to the air of the butter culture
room in the creamery did incremse the incidence of elow cultures, expo-
sure to the air of the becteriology laboratory had no such effect. No
reason for this difference was observed, the temperatures, chances for
aerisl contamination and other factors with the possibdle exception of
rolative mmidity belng apparently the same in both casss. The differ-
ences in inhibition characteristics between the filtrates from each pair
or group of cultures were apparently qualitative rather than quentita~
tivs, slthough the same mother culture was used ag inoculum for each
groups Thig fact may be of significance in the final solution of the
problem, although the available dats do not seem to afford & basis for

interpretation of ‘the phenomenon.

The affect of bubbling pure gases through freshly inoculated
butter cultures upon the rate of coagulation and
the presence of inhibitory principle

An experiment was made to determine the efiect of ths bubbling
of oxygen, nitrogen and hydrogem through the milk upon the incidence of
slowness among butter cultures and also upon the production of inhibi-
tory principle by the cultures. Sterile litmus milk in 140 ml, quanti-
ties was placed in 250 ml., Erlenmeyer flasks. Ths rubber stoppers of
these flasks were plerced by two holes, one containing a cotton-plugged
vent tube and the other containing a tube the lower end of which reached
almost to the bottom of the flask and the upper end of which was plugged
with cotton. After 4 lots of milk had been imoculated with one drop of
butter oulture 232 and ¥ other lots with butter culture 122F, oxygen,
hydrogen and nitrogen gas were each bubbled through one flask from each

series for 10 minutes, the rate being as rapid ms was possible without



excossive foeming of the milk, Atgghe end of the period, clempe were
placed upon the outlets of the tubes to prevent the entry of air after
discommection., The cultures were incubated at 21° C. After coagulation,
filtrates were obtained by the usual method,

The data are presented in table §. Only the culture of 122F
through which oxygen had been bubbled was slow in cosgulating. The inhi.-
bition cheracteristics were the same for all 4 filtrates obtained from
the cultures in each series. The variations in titer batween the fil-
trates in each series were not sufficiently large to be significant,
espocially since the relationships between the titers of the filtrates
from the eultures treated with the various gases were not the same in
both series. The filtrate from culture 232 treated with hydrogen had
the highest titer in its group, and the titer of the filtrate from cul-
ture 122F treated with hydrogen was the lowest in its sories., The titer
of the filtrate from the culture which developed acidity somewhat
slowly was normel for the group indicating that the retarded acid forme-
tion, apperently as & result of treatmeﬁt with oxygen, was not aseoclated
with an increase in the titer of the inhibitory principle contained in
the culture.

The same procedure of bubbling gases through freshly inocu-
latsd cultures in litmus milk was repeated except that 10 ml, of the
filtrate from the previous culture treated with the same gas wae in
each case added before inoculation., Again all of the cultures except
one, 122F through which oxygen had been bubbled, coag;nated normally.

The ons culture requirsd an extra 6 hours to coasgulate, indicating that
the delayed acid formation in the first gories was probably not & circum-

stattial occurrence.

Saturation with various gases of the butter cultures freshly



Table 5

The effect of bubbling gases for 10 mimtes through freshly
inoculated litmus milk cultures of butter cultures
upon the production of inhibitory principle

Butter ' Coagalation Filtrate S. lactig cultures S. lactis cultures
cul ture Gas time (hr.) titer inhibited by filtrate not inhibited by
filtrate
232 Oxyeen 20 1073 97 220,99,1460,147,161,
5 183,327,386,FL7.
Hitrogen 20 10° 97 220,99,146C,147,161,
g 183,327,386,FLJ.
Hydrogen 20 10737 97 220,99,146C,147,161,
078 183,327,386,FLJ .
— 20 10-2-7 97 22¢,99,147,161,183,
327,386,FLJ.
122F Oxygen 26 102 386 22¢,97,99,147,14,183,
127,¥57 .
Nitrogen 20 10-2.18 386 226,97,99,147,161,183,
8 327.m.
Hydrogen 20 1077 386 22¢,97,99,147,161,183,
1.7 327, 5L,
— 20 10717 386 226,97,99,147,161,183,

327, FLJ .

96




inoculated into litmus milk followe?l by sealing against the entry of air
from outside the system neemed to have no qualitative or quantitative
effects upon the development of inhibitory principle in the cultures,
The retardation of one culture by oxygen mey have been caused :by the
offect upon the inhibitory principle contained in the culture or it may
have been the result of somes factor unrelated to the ultrafilterable
principle, Probably the effect of exposure of the milk used for the
propagation of butter cultures to the atmosphere is not a simple ques-
tion of the effect of the normsl air constituents but is the result of

some factor or factors which are not yst determined.

The effect of raw milk upon the production of inhlbitory
principlie by butter cultures

Semples of raw milk from the shipments of various patrons were
obtalned at the receiving platform in sterile contalners. Thess lots of
milk were placed in sterile bottles ln 150 ml. cquantities. One bottle
of milk from each lot was allowed to stand at room temperature until
natural coagulation occurred. Other bottles were inoculated with butter
culturee 15/3 and 232, although both cultures were not used in every
case. After the culfures had coagulated, filtrates were obtained from
each. The inhibition characteristics of the individual filtrates were
determined by the litmue milk culture method.

The data from the experiment sre assembled in table 6. Ko
filtrate obtained from s neturally soured raw milk showed any indica-
tions that it contained inhibitory principle active against any of the
teat strains of S, lactis. The same was true of all of the filtrates
obtained from cultures of 232, all of which coagulated within a normal
period of time., The filtrate obteined from culture 15/3 grown in lot 1

of raw milk was elso non-inhibitory but the filtrates from culture 15/3



Table 6

The effect of raw milk upon production of inhibitory

prineiple by butter cultures

Raw milk Butter Coagnlation S. lactis cultures S. lactis cultures
cul ture tim.? at §1° C. inhibited by filtrate not inhibited by filtrate
hra,

i ——— 37 ——— h2.75'97’1110113i1’+6!161!163l
176,185

1 15/3 16 —— 42,75,97,111,113,146,161,163,
176,18

1 232 16 —— 42,75,97,111,113,146,161,163,
176,185

3 ——— 31 = 1}2-75’97;1110113’1)"6-16101630
176,185

3 232 18 — 42,75,97,111,113,146,161,163,
176,185

4 -— 47 - %2,75,97,111,113,146,161,163,
176,185

4 15/3 - 16 97,113 42,75,111,146,161,163,176,185

y 232 16 ——— 42,75,97,111,113,146,161,163,
176,185

7 - )“7 ““““ l"20750970111’113-111’69161.1630
176,185

7 232 18 eeee- - 42,75,97,111,113,146,161,163,
176,185

33 — 2 S 42,75,97,111,113,146,161,163,
176,185

33 232 18 00 e 42,75,97,111,113,146,161,163,
176,185

- 15/3 16 97,113 42,75,111,146,161,163,176,185

- 107 16 0 emmeeea 42,75,97,111,113,146,161,163,

176,185
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grown in raw milk from lot 4 amnd é%%m the culture in milk pasteurized
in the ususl way for the propagation of butter cultures inhibited the
growth of organiems 97 and 113,

Since inhibitory principle is sometimes obtained from normal
cultures of 15/3 and is not obtained at other times, the variation
between the 3 cultures grown on the 3 lots of milk is probably not of
slignificance, The results of the experiment do show that the cultures
did not produce additional inhibitory principle as a result of growth

upon various lots of raw milk,

Attempts to obtain inhibitory principle from
purs cultures of Streptococcus lactis

At verlous times filtrates were obtalned from different sensi-
tive strains of 8. lactis grown in 100 ml. quantities of verious medis
under & varlety of conditions, The remults of the tests made by the
litmus milk culture method to determine the pressnce of inhibitory
principle in these filtrates are assombled in table 7.

Al though 10 filtrates were obtained from & different strains
of 8, lactis, not a single filtrate showed any tendency to retard the
growth of the 10 or more test ofganiﬁms of widely different gsensitivi-
tien.

At another time 5 strains of S. lasctis were grown in milk
digest broth at 30° ¢, and filtered after 24 hours of incubation. 10 ml,
of the resulting filtrate were added to 100 ml. of fresh broth which
was then inoculated with the organism from which the filtrate had been
obtained. This procedure was repeated 7 times. The filtrates which
wore obtained from the seventh culture were tested for the presence of
inhibitory principle by the litmms milk culture method. The results

were negative.



Pable 7

The results of attempts to obtain inhibitory principle from
pure cultures of Streptococcug lactis

Test cultures, all of which

001

Date Culture Treatment wsre not inhibitsd by the filtrate
12-16-34 42 Grown A0 hr. at 21° C. on litmus milk ua;h7,57,72.ss;97,99.-101.~111.
‘ 113
2-19-35 97 Grown 48 hr. at 37° C. on litmus milk he.g.83.97,111.113.1#6,11;7.
161,185
Ue11-35 99 Grown 48 hr. at 21° C, on litms milk 1&2,75,82.97.99.111.1147.180.
185,263
4 11-35 99 . Grown 48 hr. at 30° C. on litmus milk h2.75.gg.97,99.111.1147.130,
185,263
12-12-35 1034 Grown 48 hr. at 21° C, on litms milk 88,97,99,147,161,163,213,269,
295,327,151C.
2-6-36 97 Grown 24 hr. at 21° C, on tomato juice 22¢,97,99,146C ,147,161,183,
‘ broth {pH 6.8) 327,386,FLJ.
2-8-36 FLY Grown 20 hr, at 30° C. on tomato juice 22¢,97,99,146C,147,161,183,
broth (pE 6.8) 327,386
2~-8-36 2329 Grown 20 hr. at 30° C, on tomato juice 22¢,97,99,146C,147,161,183,
broth (pE 6.8) 327,386,FLJ . ,
2-8-36 151K Grown 20 hr. at 30° C. on tomato juice 22C,97.99,1460,147,161,183,
broth (pH 6.8) 327,386,FLJ,
2-8-36 386 Grown. 20 hr. at 30° G. on tomsto juice 22¢,97.99,146C,147,161,183,

broth (pH 6.8) A 327.386,FLJ.




The filtrates mentionadl oiln the preceding paragraph were
added in 10 ml, quantities to 100 ml, of milk digest broth which was
then inoculated with one of the 5 strains of S, lactis from which the
filtrates were obtained and held at 30° §. for 9 days, at the end of
which time they were filtered. The filtrates were unable to retard the
acid development of any of the 11 cultures of S. lactis with which they
were tested,

The results obtained in the experiments indicate that inhibi-
tory principle ias not present in a detectable form in pure cultures of
sensitive strains of 8, lactis end is not produced in the cultures
when held for 9 days at 30° C, in unbuffered milk digest broth, condi-
tions which apparently are very favorable for regeneration of the
principie as will be shown later.

Attempts to obtain inhlibitory principle
from other sources

The absence of factors active against S, lactis in & represen-
tative bacteriophages active againgt members of the colon group was
determined, The bacteriophages véere obtained from M, J. Powers of the
Bacteriology Department of Iowa Stete Colleges. Oultures FLJ, R, 83, 97,
99, 122¥E, 1460, 147, 151C, 1530, 233F, 327 and 386 were used for test
purposes and the litmus milk culture method of determinstion of active
principle was chosen, Nons of the cultures showsd eny tendency to be
inhibited by eny of the & straine of bacteriophags.

Because ths inhibitory principle is associamted with butter
oultures and apparsntly is not found in pure cultures of §, lactis,
attempts were made to obtain the principle from pure cultures of citric

scid fermenting streptococci. Litmus milk cultures of 3 typical orgsn-

ism® obtained from M. B, Michaelian of the Dairy Industry Department of



Iowa State College were incu‘nateéo?or 3 days at room temperature, coagu-
lated with lactic acid and filtered. The absense of inhibitory principle
in the resulting filtrates was demonstrated by the litmis milk culture
method, using S, lactis cultures 220, 97, 99, 1460, 147, 1510, 161, 163,
269, 295 and 327,

Phe lack of inhibitory principle in the 3 cultures of citric acid
formenting streptococci lndicates the probability that such organisms are
not mora than an environmental factor in the incldence of aslow starters.
The mmber of cultures examined was not mufficiently large to permit the

drawing of definite conclusiona.

The method of increesing the titer of tha inhibitory
principle found in the filtrates obialned
from butter cul tures

8ince the titers of the filtrates obtained from butter cultures
were usually rather low, many of them being in the range of 10~% and 10“3.
attempts wore made to increase them by propagation at the expenae of
sonsitive strains of 8. lectis., Litmas milk in 100 ml, quantities in
cotton-stoppered 160 ml, medicinal ovals was usually used as the msdium,
although tomato juice broth and milk digest broth, both at & pH of 6.8
in most cases, ware £lso used, The litme milk cvlturss frequently did
not coagulate during the Ug hour incubation period at 21° C. which was
uged in almost all cames, In these cases, sufficient dilute lesctic acid
was added to cause coagulation before the culture wae submitted to the
preliminary filtration.

The effects of the propagation of several strains of imhibitory
principle for several generations at the expenss of sensitive cultures
of 8, lactis grown in litmus milk upon the titers of the resulting fil-

trates is shown in table 8., In the case of filtrate 191 propagated at



Table &

The change in titer resulting from propagation of strains

of inhibitory principle upon sensitive cul tures
of Streptococcus lactis

Filtrate Propagation conditions
number S. lactis Filtrate Titer Remarks
191 — — 1070 Filtrate from dbutter
8.8 culture 15/3
118 99 191 10°°°
127 99 118 10°7°78 o 1ncubation prior
to filtrate addition.
k2 99 127 1079+

157 99 142 108+18

162 99 157 10™2

168 99 162 10-9-78

10 -— -— 107} Filtrate from butter
6.78 culture 232.
29 42 10 1067
36 42 29 1077+
62 113 3 10™1 Plagque isoletion from
filtrate from butter
o culturse 232.

185 97 62 107 Filtrates 189, 196 and
201 wore obtained
from successive pro-

207 97 201 10~5+T8 pegations of filtrate
185,

276 97 216 107878 pi1trates 212 and 216

wvere obtained from
succesgive propa-
gations of filtrate
207.
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the expense of culture 99, the titer of the filtrate was relatively high

at the beginning and increased to almost the meximum in the course of onse
generation, After that, the conditions of propsgation seemed to influence
the titer somewhat, although nearly all of the values obtained were very
close to 10”7, The culture from which filtrate 127 was obtained was not
incubated for an apprecisble period between ths inoculation with §, lactis
and the addition of the filtrate, while nearly all of ths other cultures
in the series were incubated for 4 to 10 hours before filtrate was added.
The influence of this factor will be shnw# later,

Although filtrate 10 had & very low original titer, it rspidly
increassd in titer as & result of propagation at the expense of S, lactis
42 against which it was very active.

fhe strain of inhibitory principle represented by filtrats 62
was isolated from a single plaque upon the surfsce of the egar of a plate
used for the determination of filtrate activity by the agar plate plague
method, The originel filtrate had a very low titer and 5 propagations
only increased the tlter to a value of 10‘5'78; 3 further propagations
brought the titer to 10'8'78. which was found to be about the normal
value for most strains of inhibitory principle.

QOccasionally filtrates with titers as high as 10712 were ob-
tained, but it was impossidle to maintain them at that high level through
8 series of propagations. The majority of the filtrates which were at
what might be called "maximal titer" wers active in dilutions of 1077
or 10710,

As indicated previously, the amount of growth made by a culture
or the rumber of cells per unit volume in the culture at the time the
filtrate to be propagated was added was a factor in the regemeration of

the inhibitory principle, To demonstrate this effect, 100 ml., quantities



of litmus milk in cotton-plugged %:ggicinal ovalas were inoculated with
drops of sensitive strains of 8. laoctis, The desired filtrate was then
added in 1 ml, quantities efter various periods of incubation, the condi-
tion of the culture being noted at the time of filtrate addition, The
cultures were then allowed to stand at either 21° or 30° O, for a period
which was usnelly 48 hours in duration, after which filtrates were ob-
teined from thems The titers of the filtrates waere determined by the
dilution method,

The results of several gerles of experiments are summarized in
teble 9, Txocept in the cese of filtrate 191 propagated upon §. lactig 99,
the filtrates obtained from cultures which had been allowed to grow for
8 short time before inhibitory principle' was added had the highest titers,
If growth was permitted to progress too far before the principle was
added, the multiplication of the organisms was not stopped and the cul-
ture cosgulated within 24 hours., The titers of the filtrates obtained
from the coagulated cultures were usually congiderably leass than those
of the filtrates from cultures which had not coasgulated. The ifiltrates
obtained from cultures which had definitely changed reaction at the
time of the addition of inhibitory principle and which coagulated soon
afterward were usually seither of very low titer or entirely lacking in
inhibitory principle,

The numbers of viable organisme in cultures which had been
allowed to grow for a time before the addition of filtrate were followed
after the addition of filtrate by plating the oultures at intervals.
Tomato juice agar was used as the growth medium., Counts were made of
the culture immediately before the addition of filtrate, 10 mimutes, 1
hour and 4 hours efter the addition of filtrate and at various periods

thereafter. The 100 ml. quantities of litms milk were inoculated with



Table 9

The effect of the period of incubation of a sensitive culture of Straptococcus lactis
before the addition of filtrate upon the titer of the resulting filtrate

Time from inocu-~

lation to addition S. lactis Filtrate Appearance of the Culture Titer of
of filtrate (hrs.) culture Number Titer Temp. At time of fil- 24 hours after resulting
trate eddition inoculation filtrate
0 99 191 107 210 ¢. Unchanged Unchanged 107818
m Unchanged Unchsnged 107p* 18
12 Partially reduced Coagulsted 197
24 Coagulated Coagnlated 0
0 99 191 10™2  30° ¢, Unchanged Acid, reduced 1o'§
i Very slightly acid Coagulated 10°
12 Sl. acid, reduced Coagnleted 0
0 99 127 1071-18 510 ¢, Unchanged Unchanged 107118
5 Unchanged Unchangsd 107878
8 Partially reduced, Sl. acid 16~
v. s. gcld
12 Reduced, sl. acid Moderately acid 107/
0 99 128 107678 300 ¢. Unchanged Very slightly acia 107118
5 ' Partially reduced, Partially reduced, 1073
sl. acid el. acid .
g} Reduced, moderately  Coagulated 1073+1
12 acid : -]
Reduced, quite ecid Coagnlatad 10
12 4o 29 107678 210 ¢, Unchangea *Unchanged 107!
18 Sl. reduced Sl. reduced 10~7
36 Reduced, sl. coag. Reduced, 8l. coag. O
60 Coagulated Coagulated 0

* 36 hours after inoculation
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& drop of §. lactis culture and 1 ml, of filtrate was added. At the ter-

mination of the experiment, a filtrate was obtained from each culture
and the titers of the filtrates were determined,

The data from the experiment are presented in table 10, The
cuiture of 8, lactis 97 to which filtrate 216 was added remained unchanged
in reaction during the entire period of the experiment. The sams was
true of S, lactis 147 to which filtrate 217 was added after 11 hours of
incubation, S. lestis culture 147 was almost completely reduced and
quite acid when the filtrate wes added after 15,5 hours and remained
redaced for more than 10 hours. In one culture, no definite reduction
in count occurred until more théui an hour after the filtrate had been
added. The viable count of the other 2 cultures decreased slightly within
10 minutes after the addition of filtrate and decreased considerably by
the end of an hour., ZHxcept for the culture whose count was almost half
a billion et the time the filtrate was added, 4 hours of incubation
after the eddition of filtrate sufficed to reduce ths mumber of viable
orgenisms per milliliter to less than a thousand., COulture 97 begen to
bincreaae in count by the time of the 13% hour interval aﬁd contained
sppreciaﬁle numbers of organisms at the 24 hour interval, &pparently as
the result of the growth of reaistant types. The same sequence of events
took place in culture 147 to which filtrate was added st the end of 11
hours. At the end of 20 hours, culture 147 to which filtrate 217 was
added after 154 hours contained less than 100 viable organisms per ml.,
indicating almost complete killing of the §, lactia cells in the cul-
ture and only & very glight tendency for resistent organisms to bdegin
growth.

The results obtained in the experimsnts discussed im thlis sec-

tion indicate that regeneration of inhibitory principle and progressive



Table 10

The effect of the addition of inhibitory principle upon the plate
counts of sensitive cultures of Streptococcns lactis

Plate counts of cultures (per ml.)

801

Period Culture 97 plus filtrate Culture 147 plus filtrate Culture 147 plus filtrate
216 after 11 hours incu- 217 after 11 hours incu- 217 after 153 hours incu-
bation bation bation
Before filtrate addition  Ll4,500,000 48,700,000 425,000,000
10 min. after filtrate
addition 40,300,000 16,750,000 307,000,000
1 hour after filtrate
eddition 53,000,000 13,250,000 165,000,000
4 hours after filtrate
addition 150 150 9,850,000
13} hours after filtrate
addition 3150 ho 100 (9 hours)
241 hours after filtrate
addition 11k,000 3550 100 {20 hours)

Titer of filtrate obtained 1079 10-8.78 10710
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increase in the titers of filtrates are brought about by the propagation

of the principle in cultures of living sensitive bacteria., While the
particles of principle are multiplying, the number of viable organisms
in the culture is decreasing. Apparently the mmltiplication of the prin-
cliple is &t the expense of the living cell of the sensitive bacterium,
The greater the mumber of bacteria present per unit volume of culture,
up to the point where the inhibitory principle is unable to stop the
growth of the culture, the higher is the titer of the filtrate obtained
from the culture. If the nmumber of cells present is too great, multi-
plication of the principle is much retarded or does not ocour at ell,
Sometimes thig may be the result of unfavorable reaction of the medium,
but the ratio of celle of the sensitive bacterium to particles of the

inhibitory principle is undoubtedly a factor of importance.

The purification of strains of inhibitory principle

Propagation of inhibitory principle upon strains of senasitive
bacteria and the picking of plaques wers the 2 msthods used for purifi-
cation. The procedurs for the first method has already been described.
Purification by means of plaque isolation wasg accomplished by touching
a flegmed and cooled inoculating needle to an igolated plague in a smear
of sensitive organism on which filtrate had been spotted and rinseing
the needle in a 100 ml. Quentity of sterile litmus milk which was then
inoculated with & small drop of 24 hour culture of the organism used for
the meking of the smear in which the plaque had eppeared. To obtain a
filtrate of any titer, it was necessary to propagate the principle for
gseverel generations on & eensitive strain of 8, lactis, The filtrates
obtained by these 2 methods were tested by the litmms milk culture msthod

to determine their abilities to reterd the growth of a number of strains
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of 8. lactis and the results are shown in table 11,

In general, the purification procedures resalted in the elimi-
nation of certain inhibitlon characteristics found in the originel fil-
trates and in the strengthening of the remeining abilities to imhibit the
growth of certain straing of §. lactis. The apparent dliscrepancy in the
case of filtrates 110 and 166 is due to the larger number of cultures
uged to test the latter filtrate. In this inatance, the original fil-~
trate was able to inhibit only a single culture of those with which i¢
was tested; propagation on that organiem did not seem to change the
nature of the inhibitory principle derived from the originel filtrate,

When different strains of sensitive §, lactis were used in the
purification procedure, differsnt inhibition abilities were retained by
the 'purified filtretes. Thie is illustrated by flltrates 92, 211 end
236 obtained from filtrate £l by the use of cultures 161, 97 and 1L7,
respectively. The combinations of cultures inhibited by these 3 fil-
trates were all different, slthough culture 327 was sensitive to all of
them., Filtrates 235, 246a and 311 obtained from filtrate 191 by propae~-
gation of that filtrate on cultures 99, 122FE and 147, respectively, were
aven more diverss with respect to the strains of S, lactls which they
would inhibit, These 3 orgaunisms were much more diverse in their eensi-
tivities to the action of imhibitory principles than were ounltures 97,
147 and 161, This fact undoubtedly explains the differences in the
behavior of the 2 groups with respect to the inhibition factors which
they are able to propagate.

Although derived from differsnt butter oultures, organisms
220 and 147 were apparently eble to propagate the seme inhibitory fac-
tors. This was demonstrated by filtrates 249, 260 and 311, which were

obtained by the use of these organisms. The 3 filtrates inhibited only



Filtrate Propagation conditions

Table 11

Phe resalts of the purification of strains of inhibltory prineiple by
propagation at the expense of sensitive strains of Streptococcug

lactis and by the picking of plagues

Plague
mmber A B c isolation Cultures inhibited Cul tures not inhibited
3 - - 0 no 42,47,97,99,111,113,147,180, 88,161,163,176,183
185
300 97 3 3 yes 97,327, FLJ 22c,83,99,146C,147,151C,
1530,233F,327,386,B,R%
f1 - - 0 no 22¢,83,97,99,146C,147,151C,  183,R,R¥
1530,122¥E,185,233F, 327,
386, FLJ
92 161 a 2 no 97,327,FLJ 22¢,8%,99,1460,147,122FE,
151¢,1530,183,185, o
. 233F,386,R,B7 -
211 a7 61 6 no 97 11k70327 226,83 .99.122@.121'60.
: 151C,1530,183,185,233F,
386,FLI R, B¥
236 47 6 2 no 183,327 22¢,83,97,99,122F8,146C,
147,151¢,1530,185, 233F,
' ) 386,FLJ B RW
251 (97 61 5 no) 97.327,FLJ B 226,83,99,122¥FE, 146c ' 1“'7 ’
(R 2 no) 151¢,1530,183,185,233F,
© 386,R¥ :
296 971 & 2 yes 97,327 ,.,FLJ 22¢,83,99,122FE,146C,147,
151¢,1530,183,185,233F, 386,
R,RYW
54 - - 0 no 83,97,99,122F%,146C,151C, 22¢,147,183,FL3,R,B¥
1530,185,233F, 327,386
218 (111 54 1 no) 83,99,151C,185 220,97,122FE,146C,147,183,
(163 5 n0) ' 233F,327,386,FLJ R, BW
265 (111 s+ 1 n0) 97,122rE,1530,185,233F, 220,83,99,146¢,147,151¢,
(1530 2 no) 327,386,FL3 183,R,BW
ile - - 0 no 97 42,111,161,163,180,185
166 97 110 3 no 220,97.147,327,FLJ 99,122¥%,1462,151C,1530,
183,185,233F,386,R, AW
159 - - C no 97 ,1)46C |32? 22C 083 099 2 122FE 011"7'1510-







218
265

110
166

159

205

191

235

2h6s

2hg
260
293

&

3N

- - 0
(111 54 1
{163 5
(111 5% 1
(1530 2

- - 0

97 110 3

- - 0

97 159 7

- - 0

99 191 10

122F% 191 2
(k7 191 4
(295 2
(BC 15/3 191 1
(220 2

99 11 @
47 191 15

no

ne

no)

yas

no

83,97,99,122F8,146C,151C,
1530,185,233F, 327,386
83,99,151C,185

97.122F%,1530,185,233F,
327,386,FL3

97
220,97.147,327,FL7
97.146c,327

97.327

22¢,83,99,122FE,146C, 147, -

151€,185,233F, 327,386
€3.99.,151C,185

12278,1460,233%F, 386
220,147

226,147

€3,99

226,147

22C,147,183,FL3,R,B¥

22¢,97,12278,146C,147,183,
233F,327,386,FLJ R, BY

22¢,83,99,146C,147,151¢C,
183 ,R,R¥

b2,111,161,163,180,185
99,12278,1460,151¢,1530,
183,185,233F,386,R,BY

22¢,83,99,122¥8,147,151¢C,
1530,183,185,233F,386,
FiJ B AW

22c,83,99,122FE,146C,147,
151¢,1530,183,185,233F,
386,FLT R, RW

97,1530,183,FLJ B ,R¥

22¢,97,1227E,146C,147,
1530,183,233F, 327,386,
FLJ R, B¥ ‘
220,83,97.99,147,151¢,
1530,183,185,327 R ,BY
83.97,99,122FE,1U6C,151C,
1530,183,185,233F, 327,
386.IU.R.R?¥
83,97,99,122FE,146C,151C,
1530,183,185,233F, 327,386,
FLJ ,R,RY
220,97,122¥8,146C,147,
151¢,1530,183,185,233F,
. 327.386,FLJ ,B,R¥
83,97.99,122FE,146C,
151¢C,1530,183,185,233F, 327,
386.m +B,R%

A = Streptococcus lectis
B = filtrate

C = generations

BC = butter culture







the 2 cultures in the test gronpllﬁd were apparently alike in every
regpect.

The use of the same organism does not guarantee that the fil-
trates obtained by its use will be exactly the same in characteristics,
Filtrates 211 and 296 were both obtained from filtrate 61 by the use of

8. lactis 97, the formsr by propagation alone and the latter by msans of

plaque isolation followed by 2 generations of propagation. TFiltrate 211
inhibited ocultures 97, 147 and 327 and filtrate 296 inhibited cultures
97, 327 and ¥L.J. The difference was small, but definitely demonstrable.
A sinmiler situation was apparent with filtrates 235 and 293 which were
obtained from filtrate 191 by the use of 3, lectis 99. Filtrate 235 was
obtained by propagetion for 10 generations and was active againet ocul-
tures 83, 99, 1510 and 185. Filtrate 293 was a plague isolation strain
propagatsd twice on culture 99 and inhibited cultures 83 and 99 but not
cultures 1510 and 185. The filtrates obtained from a mumber of original
filtratea by the uge of one organism are frequently even more diverse in
their characteristics, aa comparison of filtrates 300, 211, 166 and 205
showsa,

In only one instance was an ability to inhibit a culture not
inhibited by the parent filtrate mcquired by a filtrate as a result of
propagation, Filtrate 206, which is not mentioned in the table, was
the result of the propagation of filtrate 61 on 8., lactia 97 for 5 gen-
erationg. This filtrate was able to inhibit orgenism R which was unin-
hibited by filtrate 61, Filtrate 61, which is mentioned in the table,
was the result of the propagation of filtrate 206 for 2 generations
upon organiem R. Since all equipment used for hendling cultures and
filtrates was steriliged, contamination does not seem to offer a satis-

factory explanation for the appearance of the added inhibition factor.



Many of the filtrates %%%ained from butter cultures apparently
contained more than one type or strain of inhibitory principle, the
criterion for differentiation of straine being the inhibition of differ~
ent strains of §, laotis. Nach organiem of a different sensitivity
type seems to selectively propagate one strain or a few closely relatsd
strains of principle to which it is sensitive and permit other strains
to be removed by dilution in the propagation procedure and segregation
in the plaque isolation method. Individual strains of §. lactis varied
markedly in the degree of purification which they would effect., Cul-
ture 1530 was definitely unselective and cultures 22C and 147 were very
selective. Such differences in behavior are undoubtedly reflections
of the relative complexities of the groups of factors in the cells which
determine the sensitivities of the celle to inhibitory principle. If 2
cultures of §. lectia posgess the same sensitivities to inhibitory prin-
ciples, they apparently propagate the same strains of principle. Organ-
lems 220 and 147 demonstrate this fact very clearly.

No ettempt was made to obtain the maximum possible number of
separate strains of inhibitory principle from a aiﬁgle filtrate, although
the indications are that a conslderable mumber of individual strains
could bte obtained 1f different organisms dsfinitely eelsctive in nature
were useds Thse segregation would be more complete if plaque igsolations
rather than propagation were used, since more than one type of prin-
ciple active against the organiem being used may be propagzated on that
organism. If wldely separated plagues wers picked and the igolations
repeated once or twice, the chances for inclusion of more than one

strain of principle would probably be smell.
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Comparisons of the litmus milk culture method and
the agar plate plaque method for the demon-
stration of inhibitory principle in filtrates

Upon several occasions, & group of §. lactis cultures and a
group of filtrates were teated againet each other by the use of both
the litmus milk culture and ager plate plaque msthods to obtain com-
parisons of the effectiveness of the 2 methods for the determination
of the presence of inhidbitory principle in filtrates and for the demon-
stration of the sensitivities of the 8, lactis cultures to the filtrates,
Ropresentative results of the experimente are shown in tables 12 and 13.

The 2 methods agreed only moderately well in the case of the
organisns and filtrates used for the experiments reported in tabdble 12.
In most cagea where agresment was lacking, the litmus milk method indi-
cated the pressnce in the filtrate of inhibitory principle active against
the organisn in question whsn the result of the agar plate plaque method
wag negative, although the situation was gometimes reversed. All of the
filtrates used had been isolated directly from slow butter cultures and
gome of them were of low titer and alight activity by either method of
determination., Ths use of the 0.1 ml. quantity of filtrete for the litmus
milk method and of the 0,01l ml. qﬁa:ntity or less for the agar plate plaque
method may explain some of the discrepency in results, beceuge inhibitory
principle may have been present in the larger and not in the smaller quan-
tity of filtrate., The discontimuous form of growth of §, lactis made the
detection of plaque formation very difficult in many cases in which the
area to which the filtrate was applied was not completely cleared, Occa~
slonal plagues were undoubtedly overlooked or unrecognizable, although
they actunlly were present, 'l‘hei plaques renged in sige from 0.3 to 2.0 mm,
in ﬁiameter. although the mmnjority of them were approximately 1 mm, in

diameter. The size of the plaque appesred relatively constant for each



Comparisons of the litmms milk culture method
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Table 12

end the agar plate plaque method for the
demonstration of inhibitory prineciple

in filtrates

Test Filtrate
Organism method 3 7 9 41 53 s
4o M + - + + + +
A - - - + + +
4 M + - + + + 7
A - - - + + +
57 M - - - - - -
A - - - - - -
12 K - - - - - -
A - - - - - -
88 M - - - - - -
A - - - + - -
97 M + + + + + +
A * ? + +* - +
99 M + - + + + +
A - - - + + +
101 M + - + + + +
A - - - + + +
111 u + - + + + +
A - - - ? ? ?
113 M - - + + -
A + + + % - +
4+ = inhibition
- = no inhibition
? = questionable inhibition
H = litmue milk oulture method
A = agar plate plaque method
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purified strain of inhibitory principle.

The reassone for the differaencee of the type which occcurred in
the cases of organism 88 and filtrate 41 and of organism 113 and fil-
trates 3, 9 and 54 aro less obviocus. Possibly the concentration of
inhibitory principle in the filtrates was so smsall and the virulence of
the principle so low for the organiems in question that the principle
was unable to overcoms tha organisms in the litmus milk culture but was
eble to inhibit growth sufficiently to bring about the development of
plaques under the conditions of the agar plate msthod.

With the combinations of organisms and filirates used for
obtaining the data found in table 13, fewer discrepanciss between the
2 methods occurred. This situation was probably the result of 2 festors,
the use of filtrates of higher titer and greater virulence and ths em~
ployment of cultures of greater sensitivity. The determinations were
nade at a later date than those in the preceding group, and greater
latitude in the selection of cultures and filtrates was possible,

The litms milk cul ture method was more satisfectory than the
ager plate plaque method becamse it demonstrated the presence of inhibi-
tory principle in a grester mumber of border-line cases and baecauss it
more closely simulated the conditions in & butter culture., OConsiderable
time was saved by the use of the litmme milk method, permitting the com-
pletion of a greater rumber of teats. The agar plate plague method was
of value for determining the possible sensitivities of organisms which

would not produce characteristic chenges in litmms milk,

The 1lyeis of Streptococcus lactis by inhibitory principle
and the factors which affect lysis

After preliminary experiments had shown that inhidbitory prin-

ciple would lyse cultures of sensitive strains of S. lactis, a series of



Table 13

Farther comparisons of the litmus milk culture method and the sgar plate plague method
for the demonstration of inhibitory principle in filtrates

Test Filtrate
Organism Method 41 52 53 54 55 6 98 159 191 235 2UT7a 251 311 32 323 315 369

R ¥ - e e e e e - - - - - + - + - - -
A - = « 1 1?7 - = = - - - + - + - - -

RV u - - - - - - - - - - - - - + - -
A T . - - - - + - + - -

22C M * - e = ¢+ - - + - - - + - - + -
_ A + = = = o+ - - + - - - + - - - -
83 M - - o+ o+ % - - + + - - - - - - -
A +* . =+ 4+ = - T + - - - - - - -

97 F' + = - + 4+ o+ o+ 4 - - + + - - - + +
A + - e o+ 4+ o+ o+ 2 - - ? - - - - + -

Q99 | + - - o+ ¢ - - + + - - - - - - -
A + = = + & 4 - - + + - - - - - - -

122FE M + 4+ - ¥ = - + - - - - - - + -
A 7 + = 4+t = - + - - - - - - + -

1460 M + = 4+ + + 4+ 2+ 4 + - - - - -~ - + ?
A * = 4+ o+ o+ o+ o+ + - - - - - - + -

147 . H P . + - - - + - - - -
A + - - - +* + - - + - - - + - - - -

151C i - - . e ot o+t - - + + - - - - - + =
A - = = %+ o+ ? + - - - - - + -

1530 o + 4+ = o+ 4+ = - - - - - - - - + -
A + 7T - 4+ - - - - - - - - - - + -

327 M + = = + + + 4+ o+ ? - 1 + - - + -
A + - - 4+ + 4+ + 1 T - ? ? + - + + -

386 K + + 4+ + + 4 - = + - - - - - + -
, A + + + + ¢+ = = + - - - - - - + -

L1t

+ = inhibition ? = questionsble inhibition
- = no inhibition ¥ = litms milk culture method
A=

agar plate plague method



experiments was undertaken to deltleimine the optimum conditions for the
ogcurrence of the phenomenon. Tomato julce broths a¥ pH levels of 5.41,
6477 and 7.45, unbuffered milk digest broth at pH 6.8L, 1.5 per cent milk
digesat broth buffered with %6 phthalate pH 5,83 and with gb' phosphate at
pH 6.68 and pH 7.31 and beef infusion broths adjusted at pH levels of
5¢93, 7.16 and 7.70 were used. Broths at pH 4.8 were not used becange
preliminary experimsnts showed that neither growth nor lysis seemed to
ocour at that pH level. 0.1 ml. of 24 hour tomato juice broth culture
was added to each 8 ml. gquantity of broth, that amount of culture having
been found to cause a definitely perceptible cloudiness in the otherwise
clear media, The filtrates used were all of high titer and had recently
been propagated for several generations upon the strains of S, lactig
which were used in the experimenfa. Filtrate in 0.2 ml, quantity was
added to 3 tubes of each inoculeted medium and not added to 3 other tubes.
One tube containing filtrate and organism and one containing organism
alone were placed at 37° C,, another pair was placed at 30° C., and the
third pair at 21° C,

The results obtained with §. lectis 147 and filtrate 278 are
summarized in tsble 14, the data obtained when S, lsctis 147 and fil-
trate 235 were used are summerized in table 15 and table 16 shows the
rosults which were secured with S. lactis 97 and filtrate 276, Except
in the case of the phosphate-buffered milk digest broth, a pH in the
neighborhood of 6.8 was the most favorable for lysis. Possibly becmse
of the presence of tha phosphate ion, buffered milk digest droth ad-
Justed to pH 6,68 permitted the occurrence of lysis in only one of the
3 combinations studied, The beef infusion bdroth at pR 7.16 permitted
lysis to occur mach more frequantly than in the broths at the pH levels

of 5.93 or 7.70. In the case of buffered milk digest broth, pH 5.83



Pable 14

The effect of medium, temperature and pH upon the lysis of Streptococcus
lactis 147 by filtrate 278

) Appearance of culture held st
Medium pH Inoculum 37° C. for 30® ¢. for 21° ¢. for

% hr. 18 hr. Hr hr, 18 br, &3 br, 18 br.
Tomato juice 5.41 C+¥ - - - - - -
broth c t - ++ b + it
6.77 CsF ? - - - - -
c + ? e n s 44t ++ 4t
7h5  Cer - - - - + -
’ C T - 7 bt + ot
2.5% milk digest 6.8 C+¥F - - - - - -
broth, nnbuffsred c 4+ +hp e bt ++4 it
1.5¢ milk digest 5.83 C+F - - - - - -
broth,phthaiate H ++ +4t +4 A + 44
buffered
1.5% milk digest 6.68 C+F 7 - - - - -
broth, phogphate c Tt + et ++ 4t
buffered 131 C+F + 7 + + + +
c + + +& it o+ ++4e
Beef infusion 5.93 C+F + + ? + ? -
broth c + + ? ++ ? +¢
7.16 - C+F - - - - ? -
¢ 7 ? ? ++ - +
7.70 G4 + ++ + ? ? ?
c ? + ? + - ?

611

no cloudiness
questionable cloudiness

C = culture of S. lactis -
?
+,++, 444 ,4+4+% = increasing cloundiness

C+F = culture of S. lactis + filtrate

nou




Table 15

The effect of medium, temperature and pH upon the lysis
of Streptococcue lectis 147 by filtrate 235

Appearance of culture held at
Medium pH Inoculum 37° C. for 30° C, for 21° C. for
5 hr, 20 hr, 5 hr, 20 hr, 5 br. 20 hr,
Tomato jJjuice broth .
' 5.4 C+F - . ++ it + 4
c ++ it ++ it + et
6.77 C+F 44 S + e ? ?
c +++ +t+t +4+4 ++4 ++ ettt
7.45 C+F e ot + e ? ?
c oot i+ +4 btk ++ 4+
2.5% milk digest
broth, un- 6.81 C+F 4 et -+ 4t + it
buffered c 4t 4+ 4 +i4t +4 +++t
1.5% milk digest
broth, phthe- 5,83 C+F ++ +44t + + ? -
late buffered c ++ et ++ ++¢ + ++t
1.5% milk digest
broth, phos- 6.68 C+F ++4 -t + +i4t 4t
phate buffered c ++ R et et ++ 44
7.31 C+F *+ bt + 4t + +++4
c +++ +++t 4t 44t ++ +4++
Beef infasion 5.93 C+F ++ a3 + ++ + 44
droth c -+ s - + + KWy
7.16 C+F - - - - - -
c ++ ++ + ++ + +
7.70 C+F EN ++4 - + ? -
c + + 4 +4 + ++
C = culture of S. lactis - = no cloudiness

C+F = culture of S. lactis + filtrate

? = questionable cloudinass

+,+4i44+, ¢+ = increasing cloudiness

oct




Pable 16

The effect of medium, temperature and pH upon the lysis
of Streptococcus lactis 97 by filtrate 276

Appearance of culture held ab

Medium pH Inoculum 37° C, 30° C. 21° C.
6 br, 26 br. 6 br, 26 hr. 6 br, 26 hr,

Tomato juice 5.41 C+F + + - - ? -
broth c + ++ ++d -t ++ bt

6.77 C+F 7 - - - - -
c +4 + et it bt Eaa sy

7.45 C+F ? - - - ? -
c ? ? R 4t e St

2.5% milk digest 6.81 C+F - - - - - -
broth, unbuffered C 44 it +++ bt +t -+t

1.5% milk digest 5.83 C+F 4t 4+ T+ 7 ++ -
broth, phthalate c 4 i+ ++ +eht ++ bt

btuffered

1.5 milk digest 6.68 C+F ++ ++ e it et e
broth, phosphats c ++ =+ et et +r+ +4+
buffered 1.31 C+F + ++ 44T +4+i+ 4 +itt
c ++ ++ +Ht it 4+ bt

Beef infusion 593 C+F + + + + + -

broth c + + ++ ++ ++ ++

7.16 C+F - - - - - -

c + + + +4 + ++

7.70 C+F ? - ? 7 + +

c + ? + ++ + +

C = culture of S. lactis
C+F = culture of 8. lactis + filtrate

- = no cloudinesas

? = questionable cloudiness
+,4++,44%,++4+ = increasing cloudiness

12T




was mach more suited to lysis tgﬁf PH 7+31. Vhen tomato juice broth was
used, a pH of 7.45 was slightly more favorable than a pH of 5.41, although
the difference was not great., In beef infusion broth, pH H.93 was more
suited to the occurrence of lysis of the culture than pH 5,93, and the
difference was considerable.

A temperaturs of 219 C, was the most favorable for ths occurrence
of lysis under all the conditions of pH and medium. 30° C. was somewhat
lass favorable and 37° C, was definitely unfavorable in many ceses, Re-
clouding of the medium by secondary growth was noted in mumerous instances
where lysis took place at 21° G, The clouding was usually spparent
within 3 days after the wddition of filtrate, Tha cultures lysed at 30°
and 37° C. did not show this tendency.

The unbuffered 2.5 per cent milk digest broth at a pH of 6.81
was the most consistent of the media tested in permitting lyeis at all
temperatures, although the beef infusion dbroth at a pH of 7.16 was
almost as favorable. Tomato Julce broth at pH 6,77 ranked third smong
the media under sll ccnditions, None of the other broths permitted
lysis in a sufficient mumber of triels to mske them utilizable in the
routine determination of the lytic ability of inhibitory principles
active against S. lactis,

The titers of & mumber of the lysed culturesw obtained in the
experiments just reported were determined by the dilution method, ueing

the strain of S. lactis which had besn lysed as the test organism,.

The data assembled in teble 17 show that, with the exception
of the 2 lysed cultures obf.ained at 379 C,, there were vsry small dif-
ferences in the smounts of inhibitory principle present in the various
lysed cultures. As long as the ocultures were lysed and remained clear

for some time, the type and pH of the medium seemed to bs of little
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Table 17

The titers of inhibitory principle obtained from cultures of
Streptococcus lactlis lysed under different conditions

S. lactis Filtrate Medium pH Te?pera;;ure Titer
° g,
97 276 Beef infusion 7.16 37 1077 or less
broth 30 10-8
21 107118
5493 21 10-8
Tomato Julce 6.77 37 10~{ or less
broth 30 10~8.78
21 10~8.78
7.45 30 10~8
21 10~8
5,41 30 10-B.78
21 10~8
Buffered milk 5,83 2 109
digest broth
Unbuffered 2.5  6.81 30 10~9
milk digest broth
147 278 Buffered milk 5,82 21 10~2
digest broth 6.68 21 10~-8.78
7.31 21 10~8
Tomato Juice 5.1 30 10-8.78
broth 6.77 30 10-2 -
Unbuffered 2.5% g;ﬁ? §8 18-9
milk digest broth
Beef infusion 7.16 30 10~8

broth
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influence upon the amount of principle produoed in the culture. Had the

lysed cultures been carried through several propagations on sensitive
organigms added to the various medis, differences in the abilities of
the variocus strains of principle to propagate in the various media

might have bsen demonetrated.

The action of the inhibitory principle on other organisms
closely related to Streptococcus lactis

Six strains of lactobacilli, which hed been isolated from
chesse, were obtained from C. B, Lane of the Dairy Industry Department
at Iowa State College and were tested by the litmus milk culture method
for sensitivity to active filtrates 14, 16, 17, 29, 30, 35, 45 and 191.
In no cass was any retardation of growth evident when the cultures to
which filtrate had besn added and control cultures to which no filtrate
was added were inoubated at 37° C. until coagulation took place, The
agar plate plaque msthod was also used to test 2 of the cultures., Litmus
milk cultures smeared upon tomato Juice agar plates were unaffected by
. drops of filtrates 3, 7, 9, 41, 53 and 54 placed upon the surfaces of
the plates.

The lack of sensitivity of & strains of citric acid ferment-
ing streptococci was demonstrated by the agar plate plaqus method. Litmus
milk cultures of the organisms were smsared upon the surfaces of pre-
vivusly poured tomato julce agar plates and drops of filtrates 3, 7, 9,
41, 53 and 54 were placed upon the smeared surfaces, The plates were
examined after 18 and 42 hour intervals, but no plaques were visible,

Filtrates 17, 21, 49, 51, 61, 66, 80, 82, 94 and 191 were used
to test the sensitivities of 8 representative cultures of Streptococcus
liquefaciens obtained from H. F. Long of the Dairy Industry Departmsnt

at Iowa State Oollaege, The litmus milk culture method was used. No



12
inhibition of growth as a result of the addition of filtrate was evident

in any ocase.

Apparsntly the inhibitory principle found in filtrates obtained
from some butter cultures is uneble to influence the growth of organisms
closely related to S, lactis., This is to be expected, since the filtrates
are only able to act upon a part of the strains of organisms included in
the speocies 8. lactis.

The variations in the sensitivities of the organisms and the
distribution of strains of Streptococcus lactis which
are sensitive to the inhibitory primciple

The results of tests made, by means of the litmms milk culture
technique previously outlined, to determine the susceptibilities toward
inhibitory principle of & mumber of strains of 8., lactlis isolated from
8 variety of sources are shown in table 18,

The cultures of S, lactis obtained from either milk or whey
which had been allowed to sour without the addition of butter culture
were never found to be susceptible to the inhibitory asction of any of the
filtrates utilized in the study. The filtrates indicated in the tabls
are only representative of a large mumber that were tested in an effort
to find one or more filtrates to which various organisms of this group
vwere sensitive, From these results, it would appear that naturally-occur-
ring 4, lactis orgenisms are not susceptidle to inhibition by the ultra-
filterable inhibitory principle active toward the organisms that appear
to bs non-gensitive could be found if a sufficiently large number of
strains of the principle from a greater range of sources were used for
testing purposes,

Examination of the results obtained with the cultures of
S. lactie isolated from butter cultures reveals that some butter cultures

ylelded only strains which were subject to inhibition by one or more



Table 18

Summary of tests to determine the susceptibility of Streptoccuc lactis

strains to inhibition by bacteria-free filtrates

Source of Date of Ko. of cultures
S. lactis isolation isolated Filtrates which did not
Total Filtrates which inhibited inhibit
Rew milk 11-5-34% g — 10,1%,30,32,35,53,61,12%,
whey 134,135,157,159,191
Soured raw 11-5—3!” 10 —— 10.1”’.30.32.35’.53.61.12}"'.
milk 134,135,157,159,191
Soursd raw 10"6"35 5 - 13,21 l52t53l61013u'135'157.
milk Pl 158,159,191
Soured raw 10-6-35 .5 — 13,21,52,53,61,134,135,157,
milk P5 158,159,191
Scured raw 10—6—35 6 -—— 13021052'53o61013k0135|157r
milk P6 158,159,191 =
Soured raw . 10-6-35 6 — 13021052053.61 013)‘-1350 157»3,\
milk P7 158,159,191
Soured raw 10—6-35 6 - 13,21 .52.53.61.13”’.135.157.
milk P8 158,159,191
B.C. 146 11-6-35 6 2 -— 13,21,52,53,191,205,206,
207,208,209,210
1 191 13,21,52,53,205,206,207,
208,209,210
2 13,191 21,52,53,205,206,207,208,
209,210
1 13,52,53,191 21,205,206,207,208,209,210
11-13-35 18 . — 35 013]'}0 157 .191 n1920 205 ’ 206-
207,208,209,210
3-4-36 13 1 -— 35,55,134,157,191,206,208,
315
L 55,134,315 35,157,198,206,208
1 55,315 35,134,157,191, 206,208
1 55,134,206 ° 35,157,191,208,315
B.C.122F 11-13-35 15 134,191 35.157,192,205,206, 207, 208,
e , - 209,210
3-U-36 9 1 315 35,13%,157,191,206,208, 315
3 55,191,208 35,134,157,206,315
3 55,191,315 35,134,157,206,208
2 55,134,191,315 35,157,206,208
B.C. 232 9 10,1k4,30,32,35,41,53, 2,21,54,132,135,159

11-8-34

61,134,157,191
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strains of inhibitory principlelf;’ed in thie study, some ylelded only
non-gusceptible strains, while both sensitive and non-sensitive strains
woere obtained from the majority of the bdutter cultures studied in any
detail.

The results of the studieg upon the organisms isolated from
butter culture 146 will be discussed in some detail, because they are
more or lees characteristic of the results obtained with the organisms
1eola._ted from s mumber of other butter cultures during the studiss.
Among the 6 cultures obtained at the time of the first isolations, U
different eensitivity types were recognizable. Two of the cultures were
not senasltive to sny strain of inhibltory principle then available; one
culture was sensitive to filtrate 191 only; 2 cultures were sensitive
to 2 filtrates, 13 and 191; and the sixth culture was inhibited by fil-
trates 13, 52, 53 and 191 and uninhibited by filtrates 21, 205, 206, 207,
208, 209 and 210, which constituted the remainder of the test group.

One woek after the first isolations were made, 18 other strains of

8, lactis were obtained from butter culture 146 which had been trans-
ferred dally on whole milk pasteurized by holding above 90° O, for half
an hour or longer. This second group of organisms was apparently iden-
ticel with the non-sensitive group obtained at the time of the previous
1soletions, since 11 representative strains of inhibitory principle were
without effect upon the cultures., After a psriod of approximately 4
months, 13 additional cultures were isclated from the same butter cul-
ture. Of thie last group of organisms, seven were uninhibited by any
strain of inhibitory principle used, four were inhibited by filtrates
55, 13% and 315 and uninhibited by filtrates 35, 157, 191, 206 and 208,
one wag inhibited by filtrates 55 and 315 and one was sensitive to fil-
trates 55, 134 and 206.



Butter culture 146 thn:Z:as ehown to change from & condition
in which the §, lactis organisms present were moatly sensitive types,
with only & emall percentage of non-sensitive or resistant types, to
a oondition in which all of the cultures picked were of the non-sensi-
tive type. Following this, there was another change after which gensitive
and non-gensitive types were present in almost equal numbers. Other
changes undoubtedly took place during the intervels between the obser-
vations. The seneltive organisms from & single series of isolations
made at one time varied ln thelr ranges of sensitivity toward the fil-
trates contalning inhibitory principle. The organisms odbtalned at any
one time usually showed & group similarity, all sensitive cultures in
the group being sensitive toward one strain of inhibitory principle,
filtrate 191 in the case of the first group lsolated and filtrate 55
in the case of the third group. The organisms from the first group were
not aensitive to the same straims of inhibitory principle as were those
from the third group.  This would seem to indicate that a definite change
in the sensitivity charsoterigtiocs of ths organisms in the butter cultures
ocourred during ths periocd the culture contained only non-senspitive
organi sms,

The S, lactis strains in butter culture 232 alaeo uﬁderwent con-
giderable changs in geneitivities. During a period of over a year, this
oculture changed from a condition in which all the organisms were of a
single type sensitive to a2 large mmber of strains of inhibitory principle
to a condition in which all but one of 22 isolations made at the last
observation were non-sensitive to any strain of inhibitory principle used.
In the cage of this butter culture, the changes in sensitivity were some-
what less than in culture 146 and the variation among the cultures in

the range oi" sensitivity was not as great, more than 2 sensitivity types



never heving been encountersd at 1021195 plating. Similar statemsnts can be
made concerning the component §. lactis organisms of butfor cultui'os
15/1 and 15/3 except that in the latter 2 cases there were epparently
slightly grenter differences in sensitivity among the orgaﬁisms isoclated
at any one time.

Butter culture 122F was of specisl iluterest because, when it
was firast observed, it contained only organisms of a single ssnsiti-
vity types TFor 2 years preceding the first plating of this culture i¢
bad been held 'in an ice cream ixardening room. After the culture was
thawed, only sufficient time to permit the reestablishment of normal
growth elapsed before the firast group of orgenisms was obtalned from it,
Four different sensitivity types were included in & second series of
organigmes 1solated 3 months after the first group had besn obtained.
Nons of the sscond group of cultures was of the same sengitivity type
ag were the earlier 1solétions.

Only orgunisms of the non-sensitive‘type were obtained from
butter cultures A, ¥, 103, LOL and 19/1. These cultures were exasmined
but oncs. If they had been studied at other intervala, it is quite
possible that types sensitive to at leest one strain of inhibitory prine-
ciple might have been igsolated.

Butter cultures H, 8, 233, FL and 22 each was found to contain
one or more types of sensitive §, lactis. Since they wers examined but
once, no information concerning the changes in sensitivity characteristics
which thsse cultures might undergo was obtained. The organiegms obtained
from the butter cultures in this group represented very diverse assnsi-
tivity types, ranging all the way from strains which were uninhibited

by any strain of inhibitory principle available for testing purposes to



strains which wera sensitive to ::3201131(16:‘31313 mmber of streins of
inhibitory principle.

No close relationship was evident between the record of a
butter culture with respect to ite tendency to become slow at times and
the types of sensitive or non-sensitive organiems obtained from it.
Although they had been typically slow at least once under laboratory
conditions during the 1€ months thay were observed, butter cultures M,

A and 103 apparently d4id not contain §. lactis organisme eensltive to
any strain of inhibitory principle avallsble fof testing purposes.
Examination of these cultures at other times might have resulted in the
isolation of sensitive cultures. The use of strains of inhibitory prin-
ciple other than those which were available might have shown that some
of the cultures isolated were eensitive to certain types of principles
Butter cultures 233, H, S and 22 had ghown no tendency toward retarded
acid production during the 18 month period of observation, but sensitive
strains of S, lactig were isolated from thems Posslbly they could have
beoome noticeably slow under the proper circumstances, since they appar-
ently poseassed at least one of the necessary potentialities in a latent
form and needed only the proper supplementary condition or conditions to
bring about the characteristic loss in vitelity. This condition might
be that necessary to bring sbout the spontansous origin, from the bac-
terial cell, of an inhibitory principle asctive against the strain or
strains of S, lactig in the culture, or it might be the addition to the
culture of the proper strain of inhibitory principle from an outside
source,

Of the 363 §, lactis culturee obtained from various samples
of milk, whey and starter, the 46 which were obtained from spontan-

aously soured raw milk and from raw milk whey were resistant to thse
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action of various strains of inhibitory principle derived from slow -

butter cultures. Of the 317 strains obtained from 14 butter cultures

at various times, 170 were sensitive to one or more strains of inhibi-
tory principle. There was frequently considerable variation in rangs

of sensitivity among the strains of §. lactis isolated from & butter cul-
ture at one time and 8l so emong the strains of S. lectis obtained from
one butter culture over a period of time. Butter cultures wers encoun-
teread from which only sensitive organisms were obtained and others from
which only non-gensitive types were igolated, but the majority of the

cul tures examined were non-stable mixtures of sensitive and resistant

strains of 8. lactis.

The gensitivity chearacteristics of the secondary growth
organisms obtained from cultures of Streptococcus
lactis inhibited by various filtrates

When cultures of S. ;glctis which had been inhibited by the
addition of filtrate were held for some time, reduction and coagulation
usually ocourred. The period of times required for the appsarance of
growth varied from 2 days to more than 30 days. Vhen the coegulated
cultures obtained in this manner ware plated upon tomato juice ager and
typicel colonies were isolated into sterile litmms milk, the resulting
cul tures hed the cultural and morphological chsrecteristics of the
strain from which they originated., In a few instences, colonles appeared
in the previously cleared areas csused by the placing of a drop of fil-
trate on a film of orgenisms susared upon the surface of an agar plate.
Isolations were made from the colonies into sterile litmus milk in which
the organisms grew as typical cultures of . lactis,

The results of the determinations of the sensitivities of the
gsecondary growth organisms &re summarigzed in teble 19. The changes in

sengitivity which were cmused by the various filtrates are well demon-



Table 19.

The sensitivity characteristics of the secondary growth organisms obtained from
cultures of Streptococcus lactis inhibited by inhibitory principle .

S. lactis Parent Filtrate
cul ture cul ture used Filtrates which inhibit Piltrates which do not inhibit
1‘2 == - 10013917035|360}"‘1o51-52961’ 1I21D53l5u.98l110'125
72,73,80,82,191
167 42 54 191 7,10,17,35,41,49,53,54,61
178 42 61 191 17,21,35,41,54,61
a7 k2 72 61,80,82,191 9,17,35,41,5%4,72,73,78, 79
222 178 17 === 9:17o35o)"1'5)"'-61-72373078979o
: 80,82,191
261 217 191 bt 17.21.h9.51.61.80,82.9‘u.191
97 - - 1910:21053.550610720750920 16.17,1‘1,"'9.5,4.73.80,82,118,
98,110,138 131,191
229 97 1 == 1-1)"15)4061072073078079080082|
86,92,94
273 97 110 61,72 54,79,110,118,123,125,191
299 273 72 — 21,35,41,61,72,110,126,127,
130,191
365 97 206 - 13 01!"03601}1 051 0138'16801910
206,209
c 97 a5 55,211 191,215,218,235,2468,273, 315,
68 . .
4 97 211 273 55?191.211.215.218.235.2“63.
315,368
99 - - 10016t35l36851.52061072'79' 1-53.5”‘
g80,82,118,129,138,191
163 99 54 191 | 10,17,35,%41,49,53,54,61,79,
_ : 92,98,110
251 163 191 35,53,61,124,134,157,191 31,132,135,158,159
217 99 g0 -— 13,21,52,53,54,61,72,79,110,
118,123,125,138,160,162,164,
167,191
286 99 123 —— 13,21,K,52,53,61,72,73,123,

138,160,162,164,167,191

28T
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331

122FE
36k
1468
363
39
392

394
396

1510

382
384
388

176

201
323

325

- 288
288

122FE

147
363
363
363
363

1510
151C
151C

151C

176
176

176

2337
233F

2337

'1ho

128

142

134

21
1
L3

5l
138

43
138
168

191

145

191
315

5

29,191

134,191

13,191
13,1%,11,51,138,191
13,191
13,191
13,191
13,191

13,14,41,138,168,191
191

19
191

13,21,52,53,54,55,91,138,
140,191

13,41,138,191
43,191

14,35,53,54,61,124,131,132,13k4,
135,152,153,154,157,158,159,131

13,1 ,21,29,52,53,54,61,131,134,
152,153,154,160,162,164,167,191

35,168,192,205,209,210,211,212,

213
13,114,36,41,51,134,168,191,206,
209

21,52,53

- 36,168,206,209

3,14,36,41,49,51,138,168,206
3,14,36,41,49,51,138,168,206
3,14,36,41,49,61,138,168,206
391“’036-“’1 01‘9,51.138.168.206

3,49,36,51,206,209,210

3.13é1u.3e,n1,u9.51.13s.1ss,
20

3.13é1h.36.41.h9.51.138.168.
20

3,13,14,36,41,49,51,138,168,
206

2,13,14%,36,11,49,51,138,168,
191.206

3,7,16,21,49,62,90,92,131

17,21,35,41,61,62,72,73,191

13,14,21,29,52,53,54,61,131,138,
152,153,154,191

13,14,21,29,52,53,54,61,131,138,
152,153,154,191

1%,35,51,168,206,209,210

3,13,14,36,49,51,138,168,206,

55,191,211,215,218,235,246a,273,
315,368

55,191,211,215,218,235,246a,273,
315,368

* Secondary growth in the cleared aress obtained by ths

agar plate plaque method.







strated by the organisms derivedlgzom S, lactis 42, and this group will
be discussed in soms deteil as it is characteristic. Although S. lactis
42 was inhibited by a considerable number of filtrates, the sacondary
growth oculture obtained by the use of filtrate 5% was only sensitive

to filtrate 191, The culture obtained from §. lactis 42 acted upon

by filtrate 61 was also only sensitive to filtrate 191. The culture
obtained by the use of filtrate 72 was sensitive to filtrates 61, 80,
82 and 191, Filtrate 72 had been obtained from filtrate 61 by propa-
gation for one generation upon organism 161 and did not possess soms
of the inhibition factors present in filtrate 6l. Apperently the game
group of factors was present and active in filtrates 5% and 61, because
both filtrates produced the same type of secondary growth organism with
the same gensitivities to inhibitic;n by filtrates. At least one group
of factors geemed to have been eliminated in filtrate 72. The secon-
dary growth organism arising from the action of the filtrate therefore
retained a group of sensitivities which probably would have been elim-
inated by the presence of the group of factors which had been removed
by propagation. Organism 178 wes an unstable organism from the stand-
point of sensitivity to _inhi‘bitafy principle, a phenomenon which will
be discussed in a later section, It became sensitive to filtrate 17
and organiem 222 was isolated from the secondary growth from the com-
bination of filtrate and organism. Organism 222 was resistant to all
of the filtrates which were used to test it. Organiam 261; which was
obtained from the secondary growth arising from a culture of organiasm
217 to which fi);trate 191 hed been added, had lost the sensitivity to
the action of filtrate 191 which was the only sensitivity which fil-
trate 61 had permitted it to retain from its parent strain, cul ture 42,

The same type of progressive elimination of factors permitting
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the action of inhibitory principle was undergone by the other strains

of §, lactis whoss secondary growth culturee wsere studied. In each
cage, the gensgitivities possessed by the originsl oculture were removed
group by group until a non-sensitive organizm was obtained,

If the inhibitory principle does not entirely kill the ocul-
ture, it apparently causes soms change to occur in the weakened gurvivors
which permits those survivors to grow in the presence of the principls
active zgainst the parent otraln of §. lactis. The length of tims re-
quired, in meny instnnces, for the eppoarance of sosondary growth indi-
cates that the process of elimination of aecnsitivity factors may require
deep-seated changas in the orgenism. The resulting secondary growth
organism ie nearly alwaye resigtant to the strain of inhibitory prin- -
ciple which caused its metamorphosis., Exceptions occur, however. Appar-
ently the organism may become destsbilized as & result of the changes
which it undergoes and revert to the seneitivity type of 1te parent cul-
ture, as sesmed to haeppen with culture 197 in the group derived from
8. lactis 113, or it may even acquire sencsitivities which preceding
generations of sacondary growth organiams or even the original culture
did not have, as was the case with cultures 206, 214 and 224 of the
group of orgenisms derived from S. lactis 113 by the ues of filtrates.
Possibly at the tims of isolation thesse cultures were resistant to the
filtrates which cgused their appearance, but they chengsd to the more
sensitive forms before they could be tested, since thay were usually
grown through 2 transfers on litmus milk to increase their vigor before
they were tested for sensitivitles.

Q@aite obviously, the charaster of the filtrate used is the
factor that déterminea which sensitivity factors eare eliminated. This

'being the case, filtrates that ceuse the same type of secondary growth
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to appear from a single strain of sensitive §. lactis must have some - -

of the same inhibitory factors in common. By this criterion, filtrates
14, 41, 51 and 138 all possess & common type of factor active against
culture 363 which was derived from culture 146B. The same thing 1s

true of filtrates 41, 138 and 168 which all produced the same type of
secondary growth organisms from oulture 1510. This does not mean, how-
aver, that the other inhibitory factors present in the filtrates are the
same bacause there are mumerous cases in which the members of the groups
of filtrates just mentioned do not inhibit the same organisms., If applied
to & sufficiently large mumber of ¢rials with a large variety of organiems,
the types of secondary growth organisms produced by a ssries of filtrates
might be a meens of classification of the filtratea upon ths basis of

the strains of inhibitory principle which they contained.

The spontaneous changes in sensitivity which occur
in cultures of Streptococcus lactis

Inconsistencies with reapect to the sensitivities of certain
cultures of §, lactis to inhibition by eome filtrates were occasionally
noted during the course of the work herein reported. Although no speci-
fic expsriments were undertaken to study the phenomenon of variation in
gsensitivity, tabulation of the resulis obtained from other experiments
showed that the situation was more regular than it at first appeared to
be. Repressntative data are presented in table 20, The filtrate sen-
gltivities which were found %o change have bean underlined in each case.

Organism 97 was relatively stable in ite sensitivity charac-
terigtices; the only change was with respect to filtrate 53 which at
first inhibited the culture but was later unseble to exert any effect.
Organism 99 showed no change in sensitivity during the 16 month period

of observation. The few avallable comparisons which could be made in

the case of orgenism 178 revealed no changes in misceptibility to
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Table 20.

The sensitivities of Streptococcus lactis cultures grown
in litmus nilk for a considerable number of transfers

Organiem Date of Filtrates which do
mmbey tests Filtrates which inhibit not inhibit
97 1-9-35 10,14,30 16,17,32,191
1-25-35 -— 4g, 49,51, Z
1-30-35 -— 29,35,36,41
2-1 3'35 3 ’ 7 09 ')41 ] ﬂ. 5“‘0 61 -
3=-7-35 72 4g,51,52,70,73
5-3-35 134,135,138 131,132, 133 136,137
10-1-35 1%,61,134,135,159 35,53.,124,122,157,
191
12-18-35 3 Lg, k49
3-3-36 92 191
3'5'36 301“105)"':550610980159 2].,’43,"-9.52,5}_
99 11-24-34 10,14,16,17,30,32,191 2
1-25-35 48,51,52 49
1-30-35 29 33 , 36,11 ——
2-13-35 1,53,54,61 7
3-28-35 35 “1. 61 v 72,73,78, 17
79,80, g2
5-3-35 134,138 131,132,133,135,
136,137
10-1-35 14,35,53,61,124,134, 132,135,159
127.191
3-5-36 b1 ,48,54,55,61 3,21,49,52,53,98,
159
178 3-3-35 191 3 17 2; »35,41,54,
10-28~35 191 13, 21.52 53,611,134,
160,162, 164 167
180 a 3“35 3.?.1_.35..&1-.,5”'.9;&9.!. 17 62
2435 2.%3; 41,61,13
0"7 35 51-_1».012)4‘013)40;;9; 31ig%b123013501570
10-28= ——— 13,21,52,53,61,134,
» 160.162,16%,167,
191
185 3"'3"35 109.350“1051‘-61'191 7.62
3-11-35 80,82 21,49
10-1-35 14,35,53, 61,124,134, 132,135,158,159
137 ;3
3-5-36 Lo 155,461,191 3.21,49,52,53,159



197

224

229

251

281

386

3-11-35
10-28-135

3-28-35
10-1-35
-27-35

24-35
10-29-35

4-10-35
10-7-35

4.17-35
5=3-35

10-28-35
12-16-35

1-7-36
3-5-36

137

Table 20 (continued)

6L.72,73

17,80,82,191

14,35,53,61,124,157,191

11,61,72,110
61,1734

35,53,61,124,134,191

118,123

13,53,61,134,162,191
1,191

41,149,191, 1138
fusﬁsas
55,61

17,21,35,41,62,191
13,21 o v52,53,61,134,

35.41,54,61,72,73,
78,79

132,135,158,159

Uy ,54,61,72,73
73,191

13,21,52,53,191

17,21,49,51,61,80,
82,191
31,132,135,158,159

54,61,72,110, ;&~

131,132,133,134,135,
136 137,138
21,52,160,164

3,13,14, BG-HQ 51,
;%Q ,168,206
14,36,51,168,206

21,98,159




138
Inhivition by filtrates. The flx}nt 2 orgenisms in this group were ob-

tained directly from butter culture 232 and organism 178 was an isolation
from secondary growth, as were the remainder of the organisms for which
comparisons ware made.

Sensitivities to § different filtrates were lost by cul ture 180
during an 8 month period. In the 52 days which elapsed between the first
and second times the culture was teeted, the smensitivities to filtrates
41 and 61 were lost. At soms time during the first 7 months, the cul-
ture becams resistant to filtrate 35. The sensitivity to filtrate 61
wae regained during the perlod between the second and third observations,
Within the 21 days between the last 2 periods at which teets were made,
the culture underwent changes ihich eliminated the sensitivitlies to fil-
trates 53, 61 and 191, Organiems 185 and 197 also lost ths abilities to
be inhibited by filtrates which had been able to inhibit them befors,
although the changes were comperatively smail in each case.

Organism 22U geined sensitivities to 2 filtrates by which it
had previously been uninhibited. Within a period of less than a month,
organism 229 became #ensitive to 3 filtrates to which it had previously
been resistant. Organisms 251 and 281 also acquired new sensitivity
charasterigtics, but the time requirad for them to appsar wes not deter-
mined. Tour new gsensitivity characteristics appeared in organiem 386
within & month after the culture was inolated.

Sensitivities to filtrates 3, 21, 35, M1, 53, 61, 72, 138 and
191 were involved. The more general use of this group of filtrates for
testing purposes is probably the reason for their position in this
group, although other factors may have bsen involved.

Cultures of §. lactis are apparently able to lose or acquire

sensitivities to the action of inhibitory principle without the inter-



vention of any outside agency atl;'}gha time of changa. Although the data
are not eufficlently extensive to permit the drawing of definite conclu-
sions, the phenomenon of sensitivity variation seems to be associated
primarily with the cultures obtainad as secondary growth organisms from
cultures of S, lasctis upon which inhibitory principle has acted. "As was
suggested in a previocus section, the inhibitory principle may have a
destabilizing effect upon the cell at the time the changes involved in
the loss of sensitivity characteristics are effected. The destabilized
cell can then undergo either & gain or & loss of the ability to be inhi-
bited by various filtrates, the direction of the change being conditioned
by factors unknown at the present time. This hypothesis seems much mors
plaunsible than an explanation which would involve changes in the inhibi-
tory factors present in the filtrates. The abilities of the filtretes
to inhiblt the majority of the cultures agrinst which they are active
remain unchanged, indicating relative stability of the filtrates,
Chenges involving the loss of some cheracteristice and the gain of others
~in 8 relatively stable system ssem improbadle, zlthough such changes
would have to occur in several of the filtrates 1f the observed changes
in sensitivity were to be explained upon the basis of filtrate insta-
bility,



140

Part II. The effect of physical and chemical factors upon
the activity of the inhibitory principle

The action of physicel factors upon the activity of the
inhibitory principle

Tomperature inactivation of the inhibitory principle

In order {0 determine the effect of heat upon strainm of the
inhibitory principle, 1 ml. quantities of the filtrates were added to
100 ml. quantities of sterile litmus milk, After thorough sheking of
the 1litmus milk dilutions, 2 ml. quantities were pipetted into aterile
10 x 60 mm. serologicsl test tubes and the tubes sealed in a blast lamp.
These sealed tubes were then suspended in a water bath maintained at
the desired temperature and stirred during the heating period., At the
end of the period, the tubes wers removed from the bath and immediately
placed in ice water., The presence or ebssnce of active inhibitory prin-
ciple was then determined by the procedure previously outlined for the
determination of the activity of filtrates,

The results of the heat inactivation experiments are shown
in table 21, The susceptibilities of the strains of inhibitory prin-
ciple varied considersbly; filtrates 204 and 236 were inactivated by an
exposure of 5 minutes at 65° C,, the lowest temperature and the shortest
time interval used in the experiments, while filtrates 310, 311 and 313
required an exposure of 15 minutes at 70° C. to bring about complete
ingctivation. The other strains of inhibitory principle which werse sub-
Jected to the heat treatments were intermediate in their sensitivities to
heat inactivation., The titers of the various filtrates after they had
been subjected to the heat treatments were not determined; thus, the
results are merely qualitative,

Although only 9 filtrates were tested to determine the exposure
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Table 21

The inactivation of various strains of inhibitory principle by heat
(Filtrates diluted 1:100 with sterile litmus milk)

Temp, Tims of Effect of heat on filtrate
Exposure A B 204 235 23 251 310 311 313
(°0.) __ (Min,)
65 5 . T
10 - = % + + - - - -
20 - - + + + + - - -
30 + - + * + + - - -
70 1 - - + - + - - - -
3 + - + + + + - - -
5 + % + + + + - - -
10 * + + + + + - - +
15 * + + + + + + + +
Test orgenism 97 b7 99 99 47 B 97
+ = destruction
- = no destruction
+ = one of the duplicates showed reduction and one showed

sarvival.
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necessary to completely inactivate them, an almost continuous gradation

in degree of sensitivity from the low reslistance to heat shown by filtrates
204 and 236 to the high resistance shown by filtrates 310, 311 and 313
indicated that, for the particular type of inhibitory principle which was
studied, there was no sharp and characteristic point which marked the

limit of survival of the principle when subjected to heat treatment. The
differences in heat stebility were spparently not due to characteristics
of the organisms upon which the principles had been propagated, but

rather ware due to the characteristics of the particular strain of prin-
ciple. This was best demonstrated by strains B and 236 which were both
active egainst S. lactis 147, elthough strains A and 310 to which S, lactis
97 was sensitive also demonstrated the same point.

It is eignificant that ths inhibitory principles were all inac-
tivated by exposures to heat which have besn found necessary for the
destruction of the astivity of bacteriophages, This furnishes further
evidsence that the principle is of the nature of a bacterlopbage.

Filtrates A, B, 311 and 313, diluted 1:100 in litmis milk and
placed in 2 ml. quantities in sealsd serological test tubes, were held
for 7 days in an ice cream hardening room at a temperaturs ranging from
-10° €. (-23.3° P,) to -20° ¢, (-28.9° F.). The thawed preparations
wers titrated at once and the titers were found to be the same as they
had been befors freezing, 10"6. 10"7. 1072°78 ang 10"9'78. respectively,
indicating that freezing and holding at low {emperatures has no appre=-
cisble effect upon the ectivity of the U4 representative strains of inhi-

bitory principle.

The effect of pH upon heat insctivation

For the purpose of determining the effect of the pH of the

medium upon the heat inactivation of inhibitory principle, filtrates A
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and B were diluted 1:100 with 1,5 per cent milk digest broths adjusted to

various pH values. Potassium acid phthalate, in M/20 concentration, was
used to buffer the broths at pH 4.8 and pH 5.8 and M/20 phosphate to buffer
those at pH 6.7 and pH 7.3. Ths broth at pH 7.3 had been adjusted to
pH 7.8 before sterilization, but it undsrwent a change in reaction during
the sterilization process. The diluted filtrates, in 2 ml., quantities,
were Bsaled in sterlle serologicsl test tubes and treated in the manner
outlined in the previous section,

The results of the experiments to determine the effect of pH
upon the heat inactivation of inhibitory principle are shown in table 22,
At pH 4.8, exposure to 60° C. for only 5 minutes brought about complete
inactivation, although exposure to the seme temperature for 30 minutes
had no effect upon eithér of the filtrates whon the reaction was in the
range from pH 5.8 to pH 7.3. Ths inhibitory principle in filtrate A
was more heat-labile than that in filtrate B, Filtrate A was inactivated
by ell exposures and at all pH levels by a temperature of 70° C. Although
the experimental results were not conclusive, filtrate A was apparently
gomewhat more stable at pH 6.7 than at either pH 5.8 or pH 7.3 when a
temperature of 65° C, was used, inastivation not occurring after 30 min-
utes in the first case but taking place in 15 minutes in both of the
latter cases. In the cases of filtrate B, the effect of the reaction of
the medium was not as great at 65° 0. At pH 5.8, filtrate B was appar-
ently only partially inactivated by an exposure to 65° C. for 30 mimutes
but the filtrate was completely inactivated by 70° C., after a period of
5 minutes. At pH 6.7 or pK 7.3, neither 65° G, for 30 mimutes nmor 70° C.
for 5 mimutes would insctivate filtrate B, 70° C. for 15 minutes being
the least drastic exposure which rendered the filtrate inactive.

The difference botween filtrates in the effects of changes in
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Teble 22

The effect of pH upon inactivation of inhibitory principle by heat

(Filtrates diluted 1:100 in 1.5¢ milk digest broth of the
designated pH)

Heating donditions Effect of heat on
Filtrate A Filtrate B
Temp. Time of at pH at pH
8Xposure
(°c.) (Min,) 4.8 5.8 6.7 1.3 4,8 5.8 6.7 7.3
60 5 © - - - - - -
15 + - - - + - - -
30 + - - - + - - -
6 5 + - - - £ - - -
15 + + + + + - - -
30 + + - + + + - -
70 5 + + + + + % - -
15 + * + + * + + +
30 + + + + + < + +
Test organiasm 91 147

+ = destruction

« = pno destruction

+ = one of ths duplicates showed destruction, one showed

survival .
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pH level upon the thermal tolerance of the inhibitory principle was clearly

demonstrated, even though only 2 strainsg were used in the experiments, The
difference in the breadth of the zone of maximm resistance was of interest.
The results obtained in the studies showed the importance of the pH of

the system in the determination of the thermsl lebility of various atrains
of inhibitory principle and demonstrated the necessity for the use of a
single hydrogen ion concentration if comparable results are to be ob-

tained in the study of a serises of filtrates containing the principle.

Comparison of the heat inasctivation of the inhibitory

principle and of the homologous orgenism

As shown in the 2 prsceding sections, when the pH level is
comparable to that of fresh milk, the inhibitory principle, in at least
some cages, is able to survive the heat exposures which aspproximate those
commonly employed in market milk plants for pasteurization purposes, ex-

posures which destroy S. lesctls very readily. The results obtained whsn

the inhibitory principle was exposed to heat at a pH level of approxi-
mately 4.8 indicated there was a possibility that the principle would
bs less stable than the homologous organism under certain condltions at
that pH level,
Filtrates A and B &nd 24 hour tomato Juice broth cultures of
the orgenisms upon which they had been propagated, S. lactis strains
97 and 147, respectively, were added in 1 ml, amounts to 100 ml. quen-
tities of 1.5 per cent milk digest broth at about pH 4,8, The electro-
metrically determined pH values for these suspensions were all within
the renge from 4,82 to 4,89, Sealed tubes containing 2 ml. of these
dilutions were heated ms befors, 60° O, being the temperature used,
Table 23 gives the date obtalned. 3Both of the cultures of

S. lactis were destroyed by an exposure of 1 mimite, while the 2 strains



146
Tabls 23

The inactivation of inhibitory principles and homologous
organisms by & temperature of 60° C. at pH 4.8
(Filtrates and 24-hour cultures diluted 1:100

in milk digest broth)

Time of exposure Effect of hest on

Inhibitory principle 8. lactis cultures
(Min.) A B 97 LY
¥ - - - -
1 - - + +
1% + - + +
2 % - + +
2% + - + +
3 + + + -+
3% + + + +
L + + + ¥

+ = destruction

- = no destruction

I+
n

One of the duplicates showsd destruction; one
duplicate showed survival,
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of inhibitory principle required 2 mimates and 4 mimutes for complete inac-

tivation, Additional triels indicated that with these combinations of
principle and sensitive organism, the freeing of a culture from the prin-
ciple could not be achieved by the use of heat within the pH range of 4.8
to 7.3,

The effect of pH and temperature upon the stability of

filtrates containing inhibitory principle

To determine the effect of pH and of the temperature of holding
upon filtrates contelning active inhibitory principle, the filtrates
were diluted 1:100 with 1.5 per cent buffered milk digest broths, sealed
in serologlical test tubes and placed in rsgulated incubators for various
periods before they were exsmined to determine the titer of the surviv-
ing principle, The titer determination was by the method outlined in
the discussion of methods,

The results of the studies are shown in table 24, At pH 4.8,
both straing of inhibitory principle were relatively unstable, decreasing
considerably in titer even at 21° C. which was the least detrimental tem-
perature of the three which were utilized. At 37° C., 8 days were suffi-
cient to completely inactivate the system when the pH was 4.8, At 30° C.,
under the same conditions of pH, only partisl inactivetion took place in
8 days, but inactivation was complste in 45 days with the one filtrate
whose titer was determined under this set of conditions., At 21° C,,
there was a little inactivation at pH 4.8 in the case of one of the fil-
trates after a holding period lasting 8 dsys, and considerable inactiva-
tion of both filtrates during a 45 day period, At pH 5.8, filtrate A was
relatively stable, although a decreass in titer from 10~6+78t0 10~ was
noted after 45 days at 30° C.; no comparable decrease in titer occurred

at 21° C., and at 37° C. At pH 6.7, filtrate A was possibly slightly more



Table 24

Piters of filtrates containing iphibitory principle after they hed been held
at different pH levels for varioms periods
(Filtrates diluted 1:100 in 1.5% milk digest broth)

Titer after holding a%

Filtrate pH Original 21° C. for 20° C. for 37° C. for
titer g days 45 days 3days 8 days U5 days lday 3 days & days

A 48 10°b 1075 10~2 1055 1073 —— 1035 10715 o
5.8 10755 1077 1076 10769 1095 107t 1077 107 1072
6.7 1075 10765 1076 105995 1076 1072°3 10785 1079 1079
7.3 10765 10-6 1075+5 10765 10765 1075 10765 10-6 10-5

B g 1077 10770 10735 10~6 1074 0 w0t 1072 o .
5.8 101 10770 10765 10765 10765 1075 1077 1076 105 &
6.7 1077 107 1077 10~7 10~7 10795 107 1065 1095
7:3 1077 10765 107 10~7 10”7 10-6 10~7 107 10 +5

not determined.
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stable than at either pH 5.8 or pH 7.3, although the difference in titer

was small in all cases, Filtirate B apparently was Just as stable at

pH 5.8 or pH 7.3 as at pH 6.7. As the temperature increased, the rate
of inactivation of both filtrates also increased to somo extent; inac~
tivation at 21° C, was much slower than at 37° C,, and 30° C. was inter-
mediate in this respect.

Filtrates which were held at approximately 6° C, for ae long
as 2 ysara apparently did not decrease significantly in titer during
that time, although actual data upon that point are lacking., The fil-
trates held at that temperature retained their "virulence" very satia-
factorily end the stoock filtrates were stored at that temperaturs with
no spparent ill effects.

Apparently the lower the temperature, at least down to
freezing, at which filtrates are stored and the clogsr the pH level of
the filtrate is to 6.8, the longer filtrates containing the principle
inhibitory to S. lactis can be held without merked decrease in titer

occurring. Holding at 6° C, proved very satisfactory in practice.

The effect of drying upon filtrates containing

the inhibitory principls

In the firset series of experiments undertaken to determine ths
effect of the drying of filtrates upon the activity of the inhibitory
principle contained, 15 ml. guentities of filtrates 31 and 35 were dried
for § days over concentrated sulfuric acid, Filtrate 31 had been prope-
gated in tomato juice broth which was originally at pH 7.45 but which
unquestionably weas mors acid at the.time of drying, although the pH was
not determined, and filtrate 35 had been propagated in litmus milk and
was probably at a pH of approximately 4.3 at the time of drying, since

the culture had been cosgulated with lectic acid in order to obtain the
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filtrate. The dried filtrates were reconstituted to approximately the

originel volume with sterile distilled water. The dried matter of fil-
trate 31 went into solution easily, but emall flocks remained in suspen-
slon even after thorough agitation in the case of filtrate 35. Ths titers
of the reconstituted filtrates were determined by the usual dilution
method, S. lactis 42 being used as the test organism.

The titer of filtrate 31 was 10~ "7 before drying and gero
after dryling and reconstitution, The titer of filtrate 35, which origi-
nally was 10~!, was so reduced by drying that the use of a 1 ml. quantity
of reconstituted filtrate was necessary to demonstrate the presence of
residusl inhibitory principle. Under the conditions of the experiments,
the active principle wes 2lmost completely destroyed by the drying of the
filtrates. ‘

In a second series of experiments, the pH of the filtrates
which were dried was more carefully controlled and the drying agent was
phosphorcus pentoxide, Two undiluted filtrates, 311 and 313, which hed
been propagated in tomato Jjuice broth and which were at a pH of appro-
ximately 6.7 and 2 filtrates, A and B, which had been propagated in
litmas milk and diluted 1:100 in 1.5 per cent milk digest broth at
pH 6.7 were employed. ' Using sterile petri plates as containers, 2 ml.
quantities of the 4 filtrates were dried for 7 days, all visible moie-
ture having disappeered in 3 deys, &nd wers then reconstituted with
sterile distilled water, No difficulty was experienced in getting the
golid matter to redissolves. The titers of the reconstituted filtrates
were determined by the usual dilution method.

The results of the experiments are tabtulated in table 25, 1In
all 4 cases, a slight but definitely measurable and apparently signifi-

cant reduction in titer resulted from the drying of the filtrates. There
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Table 25
The effect of drying over phosphorous pentoxide upon
the titer of filtrates adjusted to pE 6.7

Titer of filtrate

Filtrate preparation A B 311 313

Not dried 10~8 10~7 10978 10=9.78

Dried and reconstituted 1075 10°0+78  10=8.T8  10=8.78




was no appreciable differencs betzzen the behaviors of the various strains
of principle, the results being surprisingly uniform. This was probably
due to the uniform pH level, since that was the only common factor in

the four cases, different media, different strains of propasgating and
testing organisms and different concentrations of principle all having
been uged,

Although no definite series of studies wes made to demonstrate
the effect of pH upon the ebility of a filtrate containing active inhi-
bitory principle to eurvive drying, the results of ths experiments which
were made indicate that a pH of approximately 4.3 1s less favorable to
undiminighed activity after drying than is a pH of 6.7. Apparently the
strains of principle which are active ageinst S, lactig are less stable
to adverse physical factors when the pH level is 5 or below than when

the system containing the principle is nearly neutral in reaction.

The action of chemical substances upon the activity of
filtrates containing inhibitory principle

In order to determine the effects of certain substances upon
the inhibitory principle, 1 per cent aqueous solutions of crystael violet,
methylens blue and safranine were made up and steriligzed. Meagured
amounts of these solutions and of 30 per cent hydrogen peroxide were
added to 8 ml. quantities of filtrates which had been diluted 1:100,
either with milk digest broth adjusted to pH 6.7 snd buffered with M/20
phosphate or with litmis milk. After thorough sheking to insure complete
mixture, the tubes containing the solutions were placed at either 21°
or 30° C. for 3 days. At the end of the holding period, 0.l ml. quan-
tities of the treated filtrates were used in testing the inhibition

activity by the litmus milk oulture method previously described. Unless
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the culture to which the trsated filtrate had been added coagulated as

rapidly as a culture to which no filtrate had bsen added, complete des-
truction of the filtrate was not considered to have taken place.

The results of the first series of experiments made to deter-
mine the destructive effects of dyes and hydrogen peroxide are tabulated
in table 26, Crystal violet in all concentrations tried inactivated
both strains of the inhibitory principle in broth but not in litmus milk.
The inactivation was the same at 21° and 30° C, Since the lower limit
for the inactivating concentration of this substance was not determined,
there might be some effect of temperature in esteblighing the limiting
inactivation concentration, This hypothesis is strehgthened by the
resultes obtained with the other substances which were tested, as will
be brought out later,

In the case of methylene blue, none of the concentrations used
were #ble to inasctivate elther strain of the principle when litmas milk
vas used as the mediuvm in which the tests were made. Although the
results obtained with concentrations of 0,024 and 0.059 per cent methy-
lene blue in broth at 21° C., were somewhat anomalous, in that one of the
dupliocate tests showed the presence of active inhibitory principle in
each case while the second test did not, a concentration of 0.2 per cent
methylene blue in broth was apparently necessary to definitely inacti-
vate each of these strains of principle when they were held at 21° C.
With a holding temperature of 30° C., strain A was inactivated by all 4
concentrations of methylsne blus, while strain B was only completsly
inactivated by a concentration of 0,11l per cent, the concentration of
0.059 per cent bsing just on the border line of inmctivation under the
conditions of the experiment, Thus filtrate A was shown to be more resis-

%ant than filtrate B to inactivation by methylene blue at 30° C, under



Table 26

The effect of exposure for 3 days to verious dyes and to hydrogen peroxide
upon the activity of inhibitory principle

Effect of exposure on
Filtrate 4 in Filtrate B in
Milk digest. broth Litmus milk Hilk digest. droth Litmus milk

Substance tasted Conc. 21°0, 30°C, 21° 6.  30°C. Z1°¢. 30°¢C, 21°C, 30°C.
per cent

Crystal violet 0.024
0.059

0.11

0.20
Hethylene blue 0.024
0.059

0.11

. 0,20
Safranine 0.024
0.059

0.11

0.20

Hydrogen peroxide 0.15

0.47

1.25

1
]
L1 4+ 444
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one of the duplicates showing destruction, one showing survivel.
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the experimental conditions used, although the 2 strains were practically

identical in their resistance at 21° C.

Safranine was without effect upon either strain of inhibitory
principls., Had the precipitate which formed in each case been removed
by centrifugal mesns or by filtration, inactivation might have been
demonstrated in gsome cases, howsver,

Hydrogen peroxide was gomewhat irregular in its behavior, In
many cases the lower concentrations seemed to cause inactivation while
the higher concentrations did not. This phenomenon was undoubtedly due
to the inhibitory effects of the higher concentrations on the bacterls
when the treated filtrates were added to cultures of §, lactis to deter-
mine the residual activity. Later studies demonstrated that even when
0,1 ml. of a broth, containing the lowest concentration of hydrogen per-
oxide used in this series of experiments (0.15 psr cent) and no inhibi-
tory principle, was placed in 8 ml. of litmus milk into which the
S. lactis streins used for testing purposes were subsequently inoculated,
the rate of acid formation and coagulation was significantly decreased.
More than 30 hours were required while the check cultures needed only
24t hours. In the series of experiments at present under discussion,
inectivation by a hydrogen psroxide concentration of 0,15 per cent was
aspparently complete in all cases except that of filtrate B diluted with
litmus milk,

Further studios on the action of crystal violet, methylene
blue and hydrogen peroxide in various concentrations were made at a
lster date, wnsing 4 strains of inhibitory principle rather than the 2
strains which had been employed previously. The same stoclk solutions
of test substances were used again end a 5 per cent aguecus solution

of potassium permsnganate was also used, In these trials, 1 ml. of



156

Table 27
Further studies of the effect of exposure for 3 deys

to various substances upon the activity of inhibitory principle

Subestance tested Conec, Effect of exposure on filtrate

per cent A B 311 313

Potassium permanganate 0.56 + - - -
Crystal violet 0.024 + + - '
0.012 - - - -

0,006 - - - -

Mathylena blue 0.2 + + - -
Hydrogen peroxide 0.17 - - - -
0.073 - - - -

0.037 - - - -

+ = destruction

~ = no destruction
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each filtrate was diluted with 100 ml, of 2.5 per cent uwnbuffered milk

digest broth. The final pH in each case was 6.8, The temperature used
was 21° C.

The results of the second series of tests are shown in table 27,
The 0,56 per cent potassium permanganate insctivated only one principle,
strain A, out of the four which were tested. Crystal violet in a concen-
tration of 0.024 per cent totally inmctivated strains A, B and 313 but
did not inactivate strain 31l. Lower concentrations of crystal violet
had no effect upon any of the 4 strains. Ths 2 per cent methylene blue
inesctivated filtrates A and B but not 311 and 313. The hydrogen per-
oxide concentrations studied did not bring about the inactivation of
any one of the 4 strains of inhibitory principle.

In this second series of experiments, quantities of the treated
broths equal to the quantities of treated diluted filtrates were added
to the control 1itmus milk cultures of the orgaenlsms used for testing
purposss to determine the effect of the test substances alone upon bac~
terial growth. Only in the case of hydrogen peroxlide was any growth
inhibition demonstrated, and then only in the cases when the concentra;
tion of hydrogen peroxide in the broth, which was later diluted, was
0.17 per cent. ¥No effect was noticeable when the concentration was
only 0,073 per cent,

All 4 gtraing of inhibitory principle which were used in
the experiments showed different resistances and combinations of resis-
tances to the 4 substances employed to test them, The data are insuf-
ficient to permit the drawing of concluslons as %o whether the differ-
ences in resistance were quelitative or quantitative.

A study of the effect of pH and temperature on the action of

potassium permengenate inhibitory principle during a 3 day incubetion
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period was made. Filtrates A end B were used, 1 ml. of each being added

to 100 ml., quantities of 1.5 per cent milk digest broth buffered with

M/20 phthalate or phosphate. The resulting dilutiona were distributed
in & ml, quantities into aterile teat tubes to which measured amounts

of sterile 5 per c¢ent aqueous solution of potassium permsnganate were

added.

The results of the studies are shown in table 28, In the cass
of filtrate A, the inactivation observed at pH 4.8 was probably par-
tlally due to the pH effect, as demonstrated in an earlier section,
since inactivation did not occur at pH 5.8 and did occur at pH 6.8
under the same conditions. For this reason, the trials at pH 4.8 will
not be included in the discussion., At 21° C,, sbrain A was only inac-
tivated by 0.56 per cent of permanganate at pH 6.7. At 30° G., the
same concentration brought about inactivetion at pH 6,7 and pH 7.3.

At 37° C., inmctivation was obtained by 0.2U4 per cent permenganste at
pH 6.7 in addition to partisl inactivation by 0.56 per cent concentra~
tion at pH 5.8 and complete inactivation by the same permanganate con-
centration at pH 6.7 and pH 7.3. None of the temperature and concen-
tration combinations which were investigated was able to bring about
the inactivation of either strain of principle when the medium employed
was litmus milkt, Filtrate B in broth was inactivated by 0.56 per cent
potassium permangenste at pH 6.7 or 7.3 at a1l 3 temperatures, and at
37° C. was partially destroysd by the same concentration at pH 5.8,

The destruction at pE 4.8 with a concentration of 0.56 per cent perman-
ganate was probably largely a result of the pH effect rather than because
of the added oxidizing agent.

The inasctivation of inhibitory principle by means of crystal

violet, methylene blue, hydrogen peroxide and potassium permanganate was



Tabls 28

Tha effect of pH and temperaturs on ths action of potassium psrmsnganate
apon the inhibitory principle aftar & 3 day period

Effect of exposare at

21° ¢, 307 G, 37° C.
Filtrats Hedium pE Copcentration of Kindy {(per cent)

0.13  0.24 0.56 0,13 0.24 _G.56 0,13 0.24 0,56

1 woR® 4.8 - - + - - . - - .
5.8 - - - - - - - - x

6.7 - - + - - + - + .

T3 - - - - - +* - - 4+

™ . - - - - - - - - -

B 53023 k.8 - - - - - - - - 4
5.8 - - - - - - - - *

6.7 - - + - - + - - +

1.3 - - + - - + - - +

W -~ - - - - - - -

= destruction
= po destruction
= ons of the duplicates showed deatruction, one showsd survival.

1 e

M
®1.5 per cent milk digest buffered with 20 phthalate or phosphste.
L 2]
Litzas milk.

651
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accomplished. Safranine was without demonstrable effect. The influ-

ence of the reaction of the medium and of the temperature upon the
inactivation of inhibitory principle was sgein demonstrated. Under

the experimental conditions employed, no one substance was able to in-
activate all of the filtrates which were used for testing purposes,

The filtrates varied in thelr guelitative sensitivities to chemicel
destruction, no 2 strains of inhibitory principle heving ths same resis-
tance charecteristiocs. The quantitative effects of the test substances

were not determined.
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Part I11. The characteristica of sensitive an
non-sensitive strains of §Streptococomns lactis

The cultural and morphological characteristics

All of the straing of S, lactis used in the studies were typiocsal
repressntatives of the species as far as could be determined. Both sen-
sitive and non-sensitive cultures camsed the charasteristic reduction and
acid cosgulation of litmus milk, The time required for cosgulation
varied from culture to culture, but both sensitive and non-sensitive
organisms were. included among the more rapid and the slower producers
of asid. Occasionally some of the sensitive cultures, among them organ-
isme 220, 99, 146C, 147, 151C, 153A, 161, 163, 269, 295 end 327, remained
unchanged for approximately 24 hours after transfer from a normally coagu-
lated culture into fresh litmus milk. Thess cultures coagulated within
48 hours from the time of imoculation end produced a normal coagulum.

The situation sometimes persisted for several transfers, tmut usually the
culture returned to normal after one or 2 transfers. Demonstrable inhi-
bitory principle was not obtainable from the cultures, and no changes
in sensltivity were detectable.

The form of growth in tomato Jjuice broth at a pE of 6.8 varied
congiderably. A mmber of the sensitive cultures §i~oduced no visible
growth in the medium in 24 hours but csused the broth to become very
cloudy and produced a moderate precipitate during 48 hours of incubation
at 21° 0, With the exception of the slow development of some of the sen-
sitive culture, no correlation between tha type of growth in tomato Julce
broth at a pH of 6.8 and the sensitivity type of the strains of S, loctis
was observed, Both resistant and non-resistant types of organiems grew
as uniformly cloudy cultures and as almost clear oultures containing a

considerable amount of precipitate, indicating no d4ifferencs betwsen the



types on the basis of "smooth® ]::fi "rough' types as indicated by growth
in broth.

Microscopic examination of smears made from litmis milk cule
tures and stained by the Gram procedure showsd slight differences in the
morphology of the cultures. Variations in the size of cell, the shape
of cell and the arrangement of the oalls'with regpect to each other
were encountered, but the differences were not correlated witk the gsen-
sltivity types.

Macroscopically the colonies of all of the cultures wers very
gimilar, only slight variations in size being evident., Under the micro-
soope with a magnification of approximately 100 diametsrs, slight dif-
feronces sppesred. Coloniee which were smooth, entire and uniformly
slightly granular and which transmitted light moderately well were desig-
nated type I, and other colonlies which were entire, very slightly
pltted upon the surface and uniformly moderately gramilar and which
sppeared quite dark by transmitted light were called type II., The dif-
fersnces betwesn ths colonias ware only in the degree of the character-
igtics mentioned, and many cultures produced colonies which were some-
what intermediate in charmcter. During the classification of the colony
types of 48 representative cultures of §. lactis, they were erbitrarily
placed in one or the other of the 2 groups, although soms of the charac-
teristics of part of the cultures were somewhat intermediate. Of the 26
sensitive organisms examined, the colonies of 16 cultures wers of type I
and the colonies of 10 eultures were of type II. ¥our non-sensitive cul-
tures formed type II colonies end 18 formed type I colonies. Although
very few cultures of the resistant type produced type II colonies, no
division of sensitive and non-sensitive cultures could be accomplished

upon the basia of colony type.
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The fermentation of ca&bohy&rates By the‘sensiﬁive and

non-sansitive etrains of Streptococcus lactis

The abilities of 50 representative cultures of sensitive and
non-sensitive strains of §. lactis to ferment arabinose, dulcitol, fruo~
tose, galastoss, glucoss, glycerol, inisitol, imulin, lactose, maltose,
meanitol, raffinose, rhamnose, salicin, sorbital, starch and sucrose were
determined by the use of ones per cent solutions of the carbohyirates in
one per cent Bacto tryptophane broth to which brom oresol purple indicator
had been added. Observations were made after one day, 3 days, 9 days
and one month of incubation at room temperature.

¥one of the orgenisms were able to produce acid from dulcitol,
g€lycerol, inisitol, imlin, raffinose, rhamnose and sucrosse. All cul-
tures fermented fructose, galactose, glucose and lactose, although 3 days
were frequently required for the medium conteining fructose to bscome
ecid. The abilities to ferment arabinose, meltose, mannitol, salicin
end starch varied emong the orgeniems snd the fermentetion of these sub-
stances ususlly required more than 3 days. The results obtained with
these 5 substences are shown in table 29. Among the 50 ocultures tested,
3 non-gensitive organisms wére the only ones that could ferment mannitol;
the 20 other non-sensitive organisms were unsble to ferment the substance.
Although there were 4 groups, separated on the basis of carbohydrate
fermentation, which contained only non-sensitive organisms &and one group
which conteiped only sensitive organisms, the members of theass groups
congtituted such a small fraction of the total number of organiems that
their significancoAiu very doubtful. The major portion of the o:ganisms
examined were included in the 5§ fermentation groups made up of both sen~
pitive and non-senslitive organisms,

The fermentation of carbohydrates offered no basis for the
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Pable 29

The fermentation of carbohydirates by sensitive and

non-senaitive strains of $treptococcus lactis

Type of Fumber of Acid production in

organigm caltures _ Arabinose Msltose Mannitol Salicin Starch
Sengitive 2 - - - - -
Nor-sensitive 4 - - - - -
Sensitive 6 S - - - -
Non-gengitive 1l + - - - -
Sensitive 1 + - - + -
Yon-gensltive 2 4 - - + -
Sensitive 3 + " - + -
Hon-gensitivse 2 <+ * - + -
Sensitive § * + - + ¢
Non-sensitive 5 + - - ¢ <+
Sensitive 5 - 4 - . -
Non-gensi tive 2 + 3 + <+ +
Hon-gensgitive 1 - + % + +
Non-gengitive 3 - + - + +
Non-gensitive 3 - - - I -

+ = acid formation

- = no acid formation
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separation of S. leotis organisms into typee on the basis of sensiti-

vity to the action of inhibitory principle.

The enitability of non-gensitive strains of Streptococcus
lactis for the making of butter cultures

Cultures of 3, lactis which had proven resistant to all of the
filtrates against which they had besn tested were ezamingd to be sure
that they were free from characteristics which would be detrimental to
butter cultures mads from thems ZFrom the group selected in this manner,
13 organisms were chosen for combination with 6 cultures of citric acid
fermenting streptococci¢ Drops of the citric acid fermenting orgaoniems
were inoculsted into & ml. quantities of litmms milk and incubated for
approximately 12 hours at room temperature. A drop of the desired lit-
me milk culture of 8, lectig was then introduced into each tudbe of
milk and the cultures kept at 21° C. until coagulation ocourred. The
arltures were transferred daily in € ml. quantities of litmus milk in
tent tubems. After several weeks, they were transferred into milk
pasteuriged by holding above 90° C. for 30 mimates, Following the
second transfer in whole milk, they were graded by an experiemced judge
of butter cultures. _

The results of the butter culture gradings are shown in
table 30. The dashes indicate cultures which coagulated so slowly that
they wers of no value and were not examined. The deficliencies of butter
cultures made with orgsnisms 27, 57, 183, 216, 233H and 323 were dus
to the slowness of growth which characteriszed the atrains of §. lactis
uged in them. A sufficiently large number of satlsfactory butter cul-
tures was obtained from the other strains of $. lactis to show that
the non-sensitive strains of the organism can be uged for the meking of

satisfactory cultures, Several of the more satisfactory combinations
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Table 30

Tho criticiems of the butter culturee made with

non-gengitive strains of Streptococcus lactie

S. lactis Citric ecid fermenting streptococcus
cul ture A B c D B ¥
224 good poor poor poor good good
27 -— poor - - - -
57 - poor - poor - -
103A fair fair faix fair good good
151K good poor pooy poor fair good
183 - poor - poor poor fair
a6 - poor - poor - -
2334 . poor " poor poor poor fair good
2338 - poor - poor - ~—
323 - poor - poor -— -
335 fair fair poor poor fair good

MY fair fair falr poor fair good
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of organiems were transferred regularly for 3 months and contimmed to

be satisfactory bdbutter cultures.
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PISCUSSION OF RESULPS

Ths cheractoristics of the inhibitory principle sstive:
against 8. loctia aro those commdnly reported for bacteriophages.
The principle is capsble of passing through am ultrafilter of the type
used for obteining basteriophage preperations. Propagation of the
pripeiple on oultures of sensitive organisms is possidble under &
verioty of conditiens, Plsgue formation in smenrs of oensitive organ-
isue on the surfaces of agar plates iz demonstradle for slmost all of
tho filtrates tested, and ressons fer the fallure sf pleques to é.evelop
have been advanced to cover the awsmolcus cases, Lysis of aons'itiw
organisme is accomplighsble under = miat} of conditions by the addi-
tion of filtrates containing the active inhibitery principle to suspen-
sions of the organisms in vericus broths., Sscondary growth organiems
obtainsd from oultures inhibited but not completely killed are almost
always resistant to tho strain of principle which caneed their eppeear-
auces The principle ig unaffscted by freozing and onmly slightly
afiected by drying, provided ths preparation is at the proper pH level.
4%t resctions which are approximately nemtral, soms strains of the prin-
ciple are resistant to 70° G, for 10 mimates but not for 15 mimutes
and soms of the strains are inastivated by somewhet lese rigorous heat
treatmenta. The primciple is more resistent to hest than is its homolo-
'gms organisme. The principis 1s usally inactivated bi erystal violet,
mathylens dlue and hydrogsn poroxids end, st times, by potassium perman—l
Zanate. Thess ars ali chaiaetarhtios which have bsen reported for at
laast one strain of baufariophago. The only differences botween the
inhibitory factor imnvestigated in the sxporiments rsported ard known
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basteriophages are quantitative and not qualitative. The inhibitory

principle haws its optiomm astivity at nsutral or very slightly asid
reactions, and most bscteriophages are favored by slightly alkaline
rezctions. Ths virulence of the primciple is apparently somowhat
less then that charscteristic for besteriophagos active sgainst ths
membere of the colon group but is equel to that of basteriophsges
active againat pathogenic streptocscoci. The titer developed by fil-
trates conteining the principle is egqual to that reported for Aall at
the myst viraleant basteriophagos.

Many of tho filtrates cbtained from the butter cultures are
gble to inhibif & considerable muwber of the test organisms. Whem
the inhibition factors active against single cultures of sensitivs
orgonlgue ave segrogatsd, aither by iaropagation for several gengra~-
éionn or by plague igolation, & mmber of filtrates containing indi-
vidual streins of principle can frequently be obtained from the
original filtrate. The varions types of inhibitory prinsiple caxn
be diatiﬁguinhed upon the basis of thelr differences im abllity to
inhidbi%t the growth of varions cultures of S. lactis and to caunge
the appsarance of secondary growih organisms of differsnt sensiti-
vity types and uwpon ths besis of their differenses in resistancs te
chemicel and physical factors. Differentiation by serological
mothods way not attempted. The mmltéiplicity of types of inhibitory
primiplo is probably related in some way to the diversity of the
sensitivity types of the orguaisms which ig frequently obesrved in
buttsr culturss, since different types of filtrates require different
organisms for their propagation. Undoubtedly, further exsmination
of slew butter cultures would yield additiocnal strains of inhibitory
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principle, and further isoclations of S. lsotis cultures would

probebly result in the discovsry of sdditional typeas sensitive to
the straine of inhibitory prineiple whioh heve already bsen obtained.
The qualitative and quantitative differences betwsen fil-
trates from slow butter cultures and those from ths seme gtrain of
butter culture in a normal condition zre obvious, dut the results
6f the experiments made in ar ¢offort to determine ascme of the factors
responsible for the riss and fall of the inhibitory principle in
tatter cultures were inconclusive., Tho dswonsiration of prineiple
in cultures which appeared normsl and hed bBesn normsl for soms time
indicates the possibility that the principle mey bas present in ths
cul tures at all timss and oxly require the sstion of ths proper
fastors to meke it besome evident in the form of a slow oulture.
At the times when the principle was not demonstrsble in the butter
cultures, it may have been present in quantities too amsll %o be
datectadble by the mpthods nsad., The effect of the sxposure of cii-
tnro. milk to air wpon ths rates of coagula.’don was not constant,
and the bubbling of oxygen, which was the only gss found te have an
effeot, through freshly inoculated butter sultures influerced only
one culture, although ths results with that one sulture were
'dnpli.cgbla. '

v, The intimate relationship between the sensitive organimm
and the inhibitory principle 1s showa by the ability of the orgsnimm
to propegate the uno strains in a group of straing of inhiblitory
principle, such as is found in many of the filtrates from slow butter
culturas, that are active against the organiesm. At the smms tims,

ths organims has no étfect upon the strains of principle which do
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not influence it snd such straine are diluted ocut or segregated,
depending upon the purification procedurs used, %The inadility of
secondary grouth orgeniems to propagate the sirain of principle which
caused thoiy origin is further evidence of the interdependence of
organigm and principle.

The isclation of varicus types of sonsitive organiems from
a butter culture at ons time and of other types at different timeas
indicates that the orgamisms in the oulture are undergoing changes
in gensitivity., Part of this change msy be due te the slimination
of senelitivities from the arganims by the smell amounts of prin-
eiple which ars present im the culturss at lesst part of ths time.
This will not explain the acquisition of new sensitivities which
froquently occurs, howsever., This instebllity of soms §, loctis
cul tures, particularly those which have originated as a result of
the sction of inhibitory principle upon a sensitive culture, may be
the explanation for the type of orgeniem with mors sensitivities to
inkibitory principle than wore possessed by the orgenisms previouely
found iz tha culture, since the unstable organiems are sppavrently
adle to elthor gein or lose censitivities,

The favorable effect of oxygen upon the regsneration ¢f bac-
teriophage was discussed in the literature review, as were reports
of the effect of oxygen upon the supposed issleatione of decteriophage
from orgsniems which hsd previously eppearsd to be fres from basterio-
phages In ths studies here reported, air snd oxygen had & slight
effect in some cagses in producing slow butter cultures from previcusly
normel culturas, and othor investigators have reported similar
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roesultu. There is a pousibility sthat the oxidetive sction of the
oxygon of the air could have such ar sffoct upon an occasionsl
unstabilized cell that the imhibitory prinsiple ceuld be generated
from ths cell, 7The prinsiple ariginu.ting. in this way could then bs
propegated upon sensitive organisms and canse & slow culture if &
sufficiently high percentags of sensiiive organisms wag: present in
the cultures This i@ sdmittedly an hypothesis; but it 2ite the
reported and obsorved experimental faste in all respects and effers
an explanation for almeet all ¢f ths obgerved pheonomens which ocour
1z glow butigr culturea. iuch more experimental work wonld be needed
%o prove or disprove the hypothssis.

Apparently the differences in monaitivity which sceur between
cultures of . lactly are not correlated with cther charssteristics
of the organisms, the resistauce to the action of the inhibitery prin-
eiple boing un imdependent variable.
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CONCLUSIONS

The charasteristics of the inhlbitory prinsiple containsd
in most of the bastorie~iree filtrates from siow butiter cultures and
in goms of the filtrates from esppsrently normel butter cultures indi-
cate that the principles is & bacteriophage sctive agalnast §irepio-
coceun lactis,.

Upor the baces of sbllity to inhibit the growth of wvarious
straine of organisme which are sensitive to ths principle, of ability
to camse ths appearance of gecondary growth crganisme of different
sensitivity types snd of variation in resistance to the asction of
physicel and chemical sgents, differsnces batwsen siraina of the prin-
ciple can be recognized.

Dirferant cultures of Streptococcus lectis havé vericus
vensitivities to the principle. OCultures occurring in natural pro-
dncts are resiatant to the activity of the principles The orgenimms
in coms butier cultures are spperently destabilized dy an wnkuown
factor that makes part of them sensitive to ths action of the inhibi-
tory principle. Some of ths destabilized orgaziims #xe sble to undergo
spontancous changes in wensitivity and &1l of ths sensitive organismg
are spparently subject to changes in sensitivity when asted upon by
inbibitory principle.

The instebility of soms of the gensitive organiame forms ths
basis for & possible explanation of some of the phenomena charscter-
istic of slow butter cultures. Stebiligation in the direction of
grester sonsitivity would account for ths organisms with sensitivitles

previcusly sst encountered in the culture which are frequently isslated.
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The generation of ivhibitory principle from the unstabilized organiems

by oxidative sotion agrees with the focts roported im the ntarah,:‘xn
conserning the possible origin of becteriophage from oultures of sen-
sitivs orgenisms and also explains the influenss of exposure to alr

and of large containers upon the incidencs of alow butter cultures.
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SUMMARY

1. Filtrates containing a principle inhibitory to the growth
of Strgﬁtoooccug lactis wore obtained by the ultrafiltration of some
butter cultures.

2. The inhibitory principle was demonstrated in & of ths 2)
filtrates from slow butter cultures and in 16 of the 28 filtrates from
nornal butter cultures,

3+ Ths active filtrates from slow butter cultures were usually
able to inhibit a greater variety of Streptococcus iastis cultures than
were the active filtrates ffom normal butter cultures.

4, The inhibition characteristics of the filtrates obtained
from a single strain of butter culture were not the same in all raespects,
indicating a changling condition within the culture.

5. Although exposure of the milk in which the butter cultures
were later grown to the air of the oreamery increased the incidence of
" slow cultures, exposure to the air of the basteriology laboratory had
no such g¢ffect,

6., Ths data concerning the qualitative and quantitative
offects of exposure of the milk for butter culture propagation to air
for some time before inoculation are inconclusive.

7, The bubdling of purs oxygen gas through freshly inoculated
cultures retarded the acid production of oms butter culture but not of
a second culturs, but oxygen, hydrogen and nitrogen geses apparently
had no effect upon the presence of inhibitory principls in the oultures,

8. Raw milk had no effect on the incidence of slowness or on

the presence of inhibitory principle in butter cultures.
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9. Imnhiblitory principle was not recovered from any pure cul-

tures of Streptococcus lactis under any conditions. |

10, Representative bacterlophages active against members of
the colon group did not contain a fasctor inhibitory to ths growth of
Streptococcus lactig.

1l. Bacteria~free filtrates from citric acid fermenting
streptococei did not inhiblt the growth of Strepntoccccus lactig.

12, The titers of the filtrates were inorsased by propagation
of the inhibitory principle on gensitive strains of Streptococcus lactim.

13, The maximum titer for all strains of principle studied
was spproximately 1079 or alightly higher,

14, Propsgation of the principle was associated with the
killing of the sensitive organisms used,

15, The various strains of inhibitory principle present in
many of the filtrates obtained directly from butter cultures could be
gegregated by series of propagations on organisms sensitive to the
different strains of principle or by ths picking of plaques from plates
prepared with organisms of various sensitivities.

16. Agreement between the litmus milk culture method and the
agar plate plaque mathod for the demonstration of inhibitory principle
was not always obtained and the litmus milk culture method was chogen
for the routine demonstration of the 1nh1b1to;'y prinecipls,

17. Lysis of cultures of Streptococcus lactis by inhibitery
principle was accomplished in several media,

18. A temperature of 21° O, and pH of approximately 6.8 were
most favorable for lysis.

19, The inhibitory principle active against Streptococcus
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lactis had no effect upon cultures of lactobacilli, Streptococcus lique-

faciens and citric acid fermenting streptococci.

20, Only non-sensitive strains of Streptococcus lactis were
obtained from naturslly soured milk and whey.

2l. 3Both agnuitlve and non-sensitive strains of Streptococcus
lactis were obtained from a ssries of butter cultures,

22, More than ocne type of sensitive Streptococcus lastis oul-
ture wes frequently obtalned from a butter culturs at one time,

23+ The ssnsitivity types of the cultures of Streptococcus lactis
is0lated from & single dbutter culture at various times were quite differ-
ent, indicating that the butter cultures were not steble with respect to
their senslitivities to inhibition.,

24, The organisms obtained from the secondary growth following
the inhibition of a culture of Streptococcus lactis by inhibitory prin-
ciple were typical Streptococcus lactis organisms which wera, with a fow
exceptions, resistant to the filtrate which caused their appearance.

25, Changes in sensitivity occurred in some pure cultures of
Streptococcus lectis, sspecially among those igolated from the secondary
growth of inhibited organisms,.

26, The inhibitory principle diluted with litmms milk was
destroyed by heating to 70° C., for 15 mimutes, and soms straine were
destroyed at lower temperatures.

27. The inhibitory principle was readily destroyed by heat when
at & pH of 4.8 and was most stable at an approximately neutral reactionm.

28, The inhibitory principle was more etable to heat than the
homologous organimu.

29, The inhibitory principle was most stable if stored at low
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temperatures in a medium at spproximately neutral reaction.

30, The principle withstood freezing without decrease in
titer.

31, If a preparation at a pH level of approximately neutra-
lity was used, the inhibitory principle could be dried with very 1little
loss in activity, |

32, The inhibitory principle in milk digest broth was inacti-
vated by 0,024 per cent of orystal violet, 0.2 per cent of methylene
blue, 0.15 per cent of hydrogen peroxide and, in one case, by 0.56 per
cent potassium permanganate wixon the substances were allowed to act
for 3 days at room temperature or at 30° O,

33. Potassium permenganate had the greatest inactivating
effect at a pH of 6.7. |

34, Sensitive and non-gensitive types of Streptococcus lactis
could not bs differentiated upon the basges of cultursl and morphb-
logicel oharaéteristicn or by differences in carbohydrate fermentations.

35+ Resistant strains of Streptococcus lactis which would |
coagulate milk sufficiently rapidly were suitable for use in butter
cul tures,

36, The expsrimental results indicate that the inhibitory
principle is & basteriophage active against Sireptocoscus lactis.

37. An axplanation of the phenomenon of slow butter cul-
tures, based upon the instability of the sensitivities of certain
Streptococcus lactis types is advenced.
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