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IRTROTUCTION

Bacteriophsge problems pertsining to the dairy industry
have been approsched to dste primerily by teking precautionary
steps to prevent cultures from coming in contaect with bso-
teriophages and by establishing practices wrich tend to reducwe
to s minimam the numbers of particles of bacteriophages that
mey gain entrince to dasiry products and multiply therein,
Such practices conslist of the selection and rotation of cul-
tures, specisl preecautions for the prepar tion of mother and
bulk starters, snd the maintenance of strict ssnitetion of
plant equipment and surroundings,

It is believed that a consideration of the more fundne
mental bacteriophage~organiam relstionships méy result in
partial elucidation of some of the fictors sffecting multi-
plication of both bacteris =and bacteriophages In milk. There

fore, n study of the effeect of the nutrition of Streptococcus

lactis upon the proliferation of the homologous bacterlophages

T was initisted,
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STATEMFNT OF PROBLEM

The purpose of the work reporte:l herein was to study

the relstion of the nutrition of Streptococcus lagtis to

bacteriophige proliferation,



REVIEW OF LITERATURE

Since Twort (1915) reported s transmissible lytiec agent
active ngsinst staphylococeus orgenisme isolated from calf
vaccines, much evidence hass sccumulstec to show that bacterioe-
phages sctive ageinst a wide variety of boeteris ean be ceme
onstreted, A tremendous amount of work hss been done in an
effort to elueidste the mechanism of bscteriophage mction,
and many excellent reviews are svailable which summsrize known
dats and theorize on the debatable agspects. Some of the more
recent reviews are those of Delbrlck (1946), Anderson (1946},
price (1948a), =nd Cchen {(1949). |

Several investigntors (Burnett, 1929; Krueger and Northrup,
1930; ¢iifton snd Morrow, 1836; snd Hunter, 1943) have shown
thet the proliferstion of bacteriophsges is conditioned by
bacterisl reproduction end thst Wh@;é?er physical or physico-
chemienl conditions are sltered in such =2 wiy as to interfere
with cell division, baeteriophage production is reduced. In
predominantly the more recent studles it has been shown that
bacteriophage reproduction, although related very closely to
baecterial veproduction, m:y be influenced separately under
certain nutritional eonditions. Vor purposes of review, the
effect of electrolytes upon bacteriophages will first be taken
up, followed by the effect of wvarious other growth fuctors.

Seribner and Krueger (1937) and Krueger snd Strietmsnn



{1938} noted the effects of sodium chloride and sodium sul-

fate, respectively, while growing s Staphylococcus aureus

strain ﬁaﬁwhaateriayﬁaga combination in nutrient broth and
determining multiplication of the bacteriophage by time of
lysis under controlled conditions. Scribner snd Krueger found
that the presence of ¥/4 sodium chloride in the medium gave

a slightly inoressed total bacteriophage production, while
Krueger and Ssrietmenn obtained the same result upon the addi-
tion of ¥/8 sodium sulfate, In neither ciose was the growth
of the suseeptible host detectably affected, snd the sugmented
end titers of the bscteriophage were attributed to incressed
lytie thresholds, i.e., incressed ratios of bseteriophage to
becteris recuisite for lysis., They ressoned thet because of
incressed orginism resistance, production of bactericprhage
continued longer, accounting for the eventusl incresaes in
bacteriophage yields, Later Fong snd Krueger {(1949), using

Staph. aureus bamcteriophage strain K and two methods, lysis

time snd plaque counts, for the enumeration of bacteriophage
in a tryptoase phosphate broth, found that s mixture of bacterio-
phage end orgenism msintained at 42° ¢, failed to show an
ineresse in bascteriophapge and actuslly registered a conslderable
loss, However, the inclusion of ¥ sodium chloride in the
medium prevented the loss by preventing adsorption of bacterio~
phage by bacteriasl cells, as was shown by an adsorption study

at 36° 0. It seems that these Cindings might help to further

explain the results of Seribner and Krueger (1937) and Krueger



and Strietmann (1938). 7The ineresse’ bacteriophage yields
found by these workers could have boen s result of decrecsed |
adsorption rates due to the high concentr-tions of sodium iors,
whieh would have allowed greastsr concentrst ons of celles %o
develop prior to mass lysis end hence greater total bacteriow
vhage vields,

Gest (1943) found that pluoues formed by a str in of

bacteriophage active ag-inst Qﬁﬁhﬁ@iehia ¢oll became inerecsing-
ly turbild with rising concentr:tion of monovslent cationie
salts, Plague turbidity was barely noticeable at 0.009M,
and pleques were barely distingulshable at 0.36M. %With rising
concentration of divalent estionle selts, plecue counts remain-
e’ normel until & critical concentration was re:ched, ~bout
00,0054, asbove which an inerease in salt concentration by a
factor of two prevented the sppenrance of any visible placues.
Gest attribute’ these effects to an inerewsed development of
registant orgenisms which, in the presence of high sslt con-
centritioneg, maske” the effect of lysis.

Erueger and Wast (1935) found that minute concentretions
of manginous ions, when addes to beef infusion broth, acceler

ated lysis of = strain of Staph. sureus by bacteriophage with-

out detectably aflfecting orgsnism growth, Determining numbers
of bacteriophage particles by the time reculred for lysis
under controlled conditions, they resgoned tht lysis was
aceelersted b a depression of the lytiec threshold, which

accounte’ for & correspvonding decrease in the totzal cuantity



of bneteriophave produced. Spiziren (1943b) determined plague
counts upon cells of F. coli which had been infected with
bacteriophage in nutrient broth, sedimented, nnd trensferred
to low concentrations of glyeine anhydride cont  ining vaerious
- test substsnces, He found that the addition of ferrous,ferrig,
manganous, snd magnesium ions sztimalated bacteriophage produe-
tion, Siﬂ&é Spizizen (lﬁéﬁa}yhad found that infected cells
suspended in glycine anhydride 4id not multiply, cell malti-
rlication wss pot determined in these experiments.

It was notices by 8tassano and de Beaufort (19£5) that
sodiwm eltrate inhibites the multiplieation of some gtraing
of bacterlophages anctive against specles of Shigella and that
this aetlon could ba‘aount@raﬁte% by using e%leium(chlariée.
pordet snd Remaux (1928), aism using species of Shigella,
c&afl%%e& the work of 8¢assano and de Beaufort, finding that
sodium ox:late had the same effect, wnd considered that the
effect wasg due to th@ removal of eslcium ioneg which were necess-
ary for the multiylieatia§ of the baat@?inphageaﬁ This find-
ing was sxtéméeﬁ by gnﬁraws and Elford (193E) to include =
strain of E. coli. They found t-at nutrient ager cont-ining
0.75 to 1 per cent sodium citrste grve almost normsl growth
of %. coli, but in the presence of sodium citrate the homologous
bacteriophage 4id not form plagues, #hen an excess of bicterio-
phoge was added to citrate sgar plates cont-ining susceptible
orgeanisms, no colonies or pleoues appesred, which indiented

that while the presence of citrite prevented baeteriophage
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multiplieation 1t did not prevent bucteriophage sdsorption
and the conseguent insctivetion of bucterial cells. Andrews
end Elford 4id not try tec countermet the inhibition coused by
clirate.

#ahl (194€), working with four organlsmebacteriophage
combinstions and s synthetie medium, demonstrated with placue
counts that bacteriophiges (36, actlive against a strain of
E. coll, and 813, active agsinst 2 specles of Shigells, re-
ouired ealeiuwm for multiplication. &n sdgorption study dis-
closed thet bacteriophage (36 was adsorbed by elther dead or
living e¢ells in the sbsence of ecsleium. Althmugh pla ue counts
indicated bucteriochage multiplicetion when colelum wes added
to the synthetlic medium, no lysie or clearing was evident, and
no plagues were formed on & solld medium which contsines the
synthetlec medium, caleium, and gelatine. The sddition of thismin
to this ezlecium~conteining medium csused lysisz by €36 with
what seemed to be no difference in final bacteriophage concen-
tration, but thiemin seemed insufficlent to cause lysis by S513.
#hile tyoing staphvloceccel with bacteriophaces, Smith (1943)
encountere’ three batehes of nutrient agar that were inhibitory
to bacteriorhage action. After disearding one batch of ﬁha}
media, he added 0.01¥ ealcium chloride to te other two betches
snd found that this addition made the media completely satis
factory for the demonstr-tion of bﬁat&riéphage activity.
Following Anderson's work with L-tryptophsn ass an adsorption

cofactor (1945 and 1948}, Delbriek, upon comparing pla-ue
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counts on aynthetic medium and nutrient agsr followed Dy an
sdsorption study, reported finding three clesrly distinet
mutants of bacteriophage strain T4, active against E. coll
atrain B; these were (1) = type reculring no cofactor; (2) =
tvpe requiring tryptophan or similsr substances and (3} a
type requiring tryptophsn or similar substences and in addie
tion requiring caleium ions. The 2etivity of ecslcium as an
adsorption cofactor in the gynthetic mesium could not be
replagced by sodium, potassium and magnesium ions.

Quantitative studies between the relstionships of bacterio-
phiges and buecteris have depended ususlly upon either the
serial dilution method or the plague count for the enumeration
of psrticles of bacterliophsges. Each of these methods has
definite limitstions, and neither is completely sztisf:ctory
for analyels of 2 aysteﬁ in which concentrstions are changing
rapidly., Hethods for the determinztion of organlsm growth,
usually plate cou-ts or turbidity messurementes, also have
definite limitntions. Thus one should proceed with cu:ution
when drawing conclusions from results whiceh in at le:st some
cases border on experimentsl veristions snd which were come
pleted by different investigstors under different experimental
conditionss However, it seems obvious thet ch-nges in the
lnorganic constituents of medls do affect the multiplicstion
and/or adsorption of bacteriophages in some ¢=ses to a greater

degree than such changes affect the multiplic-tion of suscep-



tible host cells, Fspecislly is this true of culelum whieh
seems to play a very important role in either the adsorption
or the multiplic:ztion of seversl bseteriophasges, It sppears
that various strains of bacteriophages differ ruite markedly
in thelr response to various ehanges in the inorgesnic constie
tuents of media, At the present these differences sppear to
be relnted primarily to differences in bacteriophages rather
than to differences in host cells. |

Several studies have shown thst other growth factors _
may plsy important roles in the adsorption end/or multiplica-
tion of bacteriophages,., While attempting to use a2 synthetie
medium for the asassy of the T bacteriophares, active against
E. coll stroin B, Anderson (1945) notice? that T4 and 16
gave fewer plagues on the synthetic medium than upon nutrient
agar. The numb ers of plagues forme:i on the synthetie medium
by T4 and T6 were brought almost to normsl upon the addition
of minute smounta of Le-tryptophan. Further experiments re-
vealed that L-tryptophan, scting sa & cofactor; enhanced the
activities of theme two bacteriophages by inere sing their
rateas of andsorption on the host cells, Later Anderson (1948)
found that at 15° C., E. c0li grown on synthetic medium, was
resistant to some of the stoeks snd plckes clones of bacterio-
phige T4 which were active st 37° Csy while there were no
aiff@ranaag‘in trhe numbers of plsouves {formed on nutrient agar
plates incubsted st the two temperatures, Since in all cases

the efficiency of planue formation by bactericophage T4 on
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the synthetic medium at 15° ¢, was brought to unity by the
additlion of 20 7?@1; of L=tryptophun, Anderson suggested that
the metabolism of the bacteris in minimal medium furnished
sufficient cofector for the sctivation and adsorption of those
gstraing of 74 whieh were efficient in produeins placues on
the synthetlic medfium at 37° Ce, but that these 2mounts of
cofactor in many ¢nses were not sufficient at 15° ¢. A survey
of the other bacteriophages of the T group disclosed similar
decre=ges in tre numbers of placues formes at 1s° ¢, by T1
and T7. Frelimiﬁ@ry toasts inﬁi@ated,iﬁare&saﬁ;in the mumbers
of plagues formed upon the addition of iscleucine, methionine,
or norleucine to the synthetie medium for T1 and isoleucine,
leucine, methionine, or norleucine to the synthetic medium
for T7. Ae alrendy heas been me tioned, Delbriiek (1948) found
éhﬁt,mﬁtant types of T4 reculred cofsctor or cofactors, while
others 414 not.

Price (1947) reporte? that niaecin, when added to s dilute

nutrient broth m dlum conteining 2.5 x 1@3 Staphylococcus

musese cells per ml. and homelogous bseberiophage, c-used an
increcse in bacteriophige as determine’ by plarue counts with-
out an Increase in baseteris as shown by turbidity resdings.
Several other mutrients tested were without effect on breterio-
pheags formstion in this system. Price also reported that
¥ildes' synthetiec medium 4id not support bacterioph ge proli-
feration unless broth or yeast extruct were added., A solution

containing 19 different prowth fazetors snd s strepogenin
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concentrate could not replsce breth’@r venst extrzets Using
complete lysis as #n index of bacteriophage multiplic-tion,
Price (1848h) reported that scid digestes of vitamin-free
caseln, when added to Fildes' aynthetic medium, promotec
bacteriophare proliferstion, A totsl of 21 different smino
aclds falled to replace the aésein digest; however, the :ctive
substance did not appear to be a peptide since it was stoble
to very strong scid snd slksll., Luter Price (1849), using
one-step-growth experiments, found that a non-dislyzable
fraction from baker's yemst incressed the yield of Staph.
musese beocteriophsge from cells growing in the logarithmic
phese of multipliecstlion in synthetic medium. Turbidlty
measurements indicntes that there was no éffeatvan organism
growth. | |

®1llis and Spizizen {194@}, upon infecting E. coll cells
in nutrient broth, sedimenting, resuspending in distilled
water, and adding the infected cells to =olutions conbtaining
various nutrients, found that a sélutisn of glyvcine supported
an inerease in bacteriophsage, as determined by plsnue countas,
- Spizizen {1843 ) sdded infected E. coll cells, preparec by
the method of kllis and Spizizen (1940}, to verious test
substances suspené@ﬁrin phosphate buffer at pH 6,9, He found
thet low concentrztions of glyecine, glyeine amhydride, snd
hippuric 2cid supported bacteriophage multiplicstion without

bacterisl growth, gs determined by plate counts.
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Fowler end Gohen (1948) infecte” E. coll strain B cells
‘1th beecteriophage TE and determined thg effect of adding
various nutrients to 2 symthetic medium upon latent period
and burst size. They obtained stimmlation, reflected in
diminisghed lstent nerlod or inereassed buret slze, or both,
with Learginine, L-aspartic acld, L-isocleucine, L-lysine,
L-phenylslanine, Le-proline snd Leglutsmie »eild, the last produc-
ing the greatest effect., Le~histidine, Letyrosine sand Levalim
gave vorisble results, while L~cystine, L~leuncine snd Le-serire
were inhibitory to bacteriophage in the synthetie medium.
Cohen sand Powler (1948), used the game procedures, except thst
various nutrients were omitted from a chemicslly defined medium
of approximstely the bﬁut&riggbaga growﬁh—promoﬁing nroperties
of nutrient broth (Fowler and Cohen, 1948) and the course of
desoxyribosenucleic scid synthesis was followed. They féund
that L~histidine, l~isoleucine, L-leuecine, L-methionine,
L~phenylalsnine, L-tryptophan, L-tyrosine, L-valine, L-glutemic
acid and sdenine ahdulﬁ/be present in the medium for maximal
production of b&ateriophﬁgg*, Fowler and Cohen (1948} end
Cohen ~nd Yowler (1948), following the evidence of Cohen and
Anderson (1946) that E. coll cells do not multiply after
infection and agsuming thet 4iluting culbtures 1:10,000 sfter
a five minute ndsorption period prevented sdesorption during
the experiment, did not assay to determine the effect of
addition or of omission of nutrlents upon bacterial mmltipli-

cation.
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These investigstions indicate thut the growth factor
requirements of bacteriophages for mumltiplication snd/or ade
sorption are many snd that they are quite aifficult to

separate from the requirements of the host brcteria,



EXPERIMENTAL METHODS

Basal Synthetle Medium

It is highly desirable in this type of study to use s
chemlonlly-defined medium on whieh host cells and bucterio-
phages will proliferates, ¥iven (1944) reported a synthetic
medium upon which 211 21 of the stralns of S. lasctis which
he uses could be transferred serislly and invariably develop
turbidity within 24 hours, This synthetic medium autoclaved
11 minvtee at 13 1b. pfeasmre and with minor alterations was
uged in tris work ss s busal medium from which nutrients were
omitited or to which nutrientes were sdded. Vhile Niven used
1 mg. of esch amino acidper 10 ml. of medium (Niven and
Shermsn, 1944), in the present work where amino acid with L
configuration W?F@ uses’ only Qgﬁ e of aﬁ smino scld was
ineluded per 10 ml. of medium. Since Gest {1943) reporte: that
high concentrations of monovalent cations promoted secondsry
growth, the Hell was left ouk, lesving present in the meiium
only the ¥aCl forme: during neutralizetion of the medium.
This change was mede after some preliminsry studies upon
organism growth showed no demonstrable effeect wes produced by
this modific:tion. All other modificationa of the brsal |

medium are racorted Iin the ppropriate section of this thesis.
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In table 1 are listed the various complex supplements
used in determining the growth requirements of those strains
of the lactiec group which were found net to grow on the medium
of Niven. All of the complex supplements used in attempts to
secure mﬁltiplieatica of bacterlophages other then F54 and
F24 also are included. |

Bacteriophage multiplieation was checked at different
initial pH walues between pH 6.0 and pH 7.0 for combinations
565-F54 and W2-P24., B#@tericphaga P54 was found to reach a
slightly higher concentration when the initial pH of the
synthetiec medium was 6.7, while an initial pH value of 6.4
was found to give a slightl#'highar final concentration of
bacteriophage F24., Subsecuently, all media used for bacterio-
phage studies with combination W2-FZ4 were adjusted to pH 6.4.
A1l other medias used in these investigations were adjusted
to pH 6,?; A Leeds and Northrup glass electrode system was used
for the adjfustment of the pH of all media,

Stock solutions for making the synthetic medium were kept
in & refrigerator at 3 to 5° C., in brown bottles, and under &

thin layer of toluene.
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Designetions and Sources of Bacteriophage~Organlism
Combinetions

Bacteriophagew-organism combinations used for this study
were obtainel from the collection maint-ined in the Dairy
Paeteriology Laborstories at Iowa State College, In t-ble 2
are presented the designstions and sources of =ll eembinatioﬁa
used,

Combinations S5£5.FB4, WE-FZ4 and 712-F58 were purified
prior to use in this sbudy. Purification of the Z. lsctis
gtrainse was accomplished by plating ezeh strain on tryptone
glucose extr:-ct milk ager {Americen Public Health Associ:tion,
1948) and making trunsfers from well isolated colonies to
litmas milk. After incubating the purified cultures at 32° ¢,
until cosgulated, the cultures were sgnin purified in the
Same menner, .

puarification of the bacteriophage strains was asccomplished
by pouring plague pletes, using the methed of Turner (1948),
and transferring bucteriophages from isolated placues to
litmus milk. After inoeculating with suseeptible orgsnisms
and allowing the eultures to incubate overnight, whey filtrates
were prepared using 1 pef cent of this mixture ss bucteriophage
inoeulum. Only purified 8, lsctis streoine were used in puri-
fying bacteriophoges to ineressgse the probablility of having
homologous strsing of bacteriophsges after purification.

The other bescteriophage~organlism combin-tions used in



THELE 2
Pesignations and sources of bacteriophoge-organism
combinstions
Facteriophage Se 18C6iS
designation Jesignation Source of combination
754 565 United Dairies, London, England.
w24 we Iowa State College.
¥56 712 United Dairies, London, fEngland,
F65 FHB Dairy Rese-reh Institute, Palmer-
ston North, N. 2, -
FT4 318B/27 National Institute for Research in
Dairying, Unilv, of Resding,
Engleand.
¥E5 Ml Iowa State College.
P63 E8 Dairy Research Instlitute, Palmer-
ston Worth, N, Z.
FéR ips Nationsl Institute for Hesesrech in
Dailrying, Univ. of Re-ding,
England,
w59 HY Peiry Research Institute, Pslmer-
ston North, H. Z.
P52 458 United Dalrles, London, England,
PEl w4 Iowa State College.
776 122-1 Iowe GState College.
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this work were obtaines from the laboratory stoeck collection

without further purificastion.

Propagation of fultures and Preparation of
Inocula

8. lsctis cultures 565, WE and 712 were corried on litmus
milk and in the bisel synthetic medium. The other 5. lactis
cultures used for the investigstions were carried in litmus
milk and in the basal synthetie meiium supplemented with sodium
acetate snd Tween 80, All cultures were subeulbtured d-ily
during actual use and every third dsy when not being used,
After 14 to 18 hr. incubation, cultures were kept in a mecheni-
cal refrigerstor meintalned st 3 to s° G, Pplor to use cul-
tures alwayé were transferred dally for two or three success-
ive transfers in order to have the organlsms in a physliologi-~
eally =etive atute, Sineereultar&a earried in synthetic medlum
goon lost thelr 2bility to coagulate milk rapidly, cultures
carried in gynthetie mesium were used only for the inoculation
of test medis, and litmus milk cultures were used in all ¢ ses
for the asszy of bacteriophages. _

Inocula were prep:red by sedimenting twice by centrifugs-
tion cultures grown 12 hr‘rin synthetic medium, resuspending
esch time in 0.9 per cent NaCl and sdjusting the waghed cells
with 0.9 per cent Nafl to a turbidity resding of 40 with a
Klett«-Summerson photoelectric colorimeter using filter

number B4, 1t wss found, using eultures 565, Wi and 712, that
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inoculum prepared in this muimnner cont:ined approximately 108
bacteris per ml. One per cent inoculum was use’ for all test

modia,

Propagation and Storsge of Bacterlophage Filtrates

All bseteriophage stralne used in this study except P54
and ¥24, bucteriophuges active agr-inst S. lactis strains 565
and WZ, respectively, were ez ried in whey flltrates. Bacterio-
vhages ¥54 and P24, the only two strains which were found to
multiply in the buisal medium, were carries in basal synthetie
medium filtrates,

To prepare filtrztes, 1 per cent litmus milk culture or
1 per cent synthetiec medium culture wus aﬁd&ﬁ to 100 ml. sterile
giim milk or 100 ml. stecile synthetle medium, as the cuse
might be, slong with 1 per cent becterioph-ge filtr-te, diluted
to contain @p@raximétaly 10° becteriophage particles, and
incubated in s water bath at 32° C. for 6 or 7 hr. The skim
milk cultures were coagulate’ by adding 3.6 ml. of sterile
10 per cent lsctic acid, flltered through coarse filter paper
to remove the cosgulated proteins, and finally filtered through
a sterile Selas mieroporous porcelain filter {porosity #03)
to remove bachterisl cells. Cultures in synthetic medium were
adjusted colorimetricslly to approximmtely pH 6,7 for 8.

lactls strein W2 and s proximately pH 7,0 for S. lsctis strain



565 and immediately filtered through sterile Selas filters.
Fy these procedures, filﬁrﬁtﬁé containing lﬁg or 1@9 bacterio=
phage partieles per ml, generally were obtained.

¥hen a eulture in synthetiec medium was not neutralized
prior to filtvation, the resmulting filtrate usually had a very
low bacteriophage concentrotion. This was especinlly btrue
when the majority of the bacterizl c¢ells had not been lysed
and the culture was turbid. A pH of 6.8 or 6.6 secmed to be
sufficient neutrslization for filtrates from We-Fe4, while
neutralization to pH 6,8 or 6.9 socemed better for filtrates
from BE5.FR4,

Bacteriophage filtrates were stored under refrigerstion
at B-50 0. until needed for use.

¥or inoculum, a filtrste was diluted with distille’ water
to contain a§§raximﬁt@1y 105 bacteriophage p rticles per ml.,
and 1 per cent of the dlluted flltr:te wns usel for all test

medias, TFresh dilutions were made @%ch'day of testing.

Determination of Wumbers of Bacteriophsege
Farticles
ouantitative estimation of the numbers of bacteriophage
particles was ma‘e by the limiting dilution techninue used
by Harriman (1934) and by Nelson (1938). This method was

chogen becasuse plagues formed by most o the combinations used

were extremely amall and very difficult to count. Horeover,



Turner (1948) in comparing the plegue count method with the
limiting dilution method founi little or no significont differ-
ence between the two methods., Turner used undiluted S. lactis
culture se imoculum when using the limiting dilutlon method.
In preliminary trinls for this work 1t wss found that many
cuestionably cosgulated tubes ﬁﬁ%e eliminnted by diluting the
Se lactis eulture used as inoculum 1:8 in litmus milk.

The limiting 7ilution method as wsed in this study con=
slistes of making guea@gaiva 1ﬁgwfalé dilutions in sterile
distilled water of a meiium eondsining the unknown number of
bucteriophage perticles,. One ml. and 0,1 ml, ruantities of
esch successive dilution were tranaferred in triplicate to
tubes containing sbout 8 ml, of litmus wilk. This gave the
overall efiect of successive 10-fold dilutions in litmus milk.
A11 1itmues milk tubes contalning diluted sample =and one control
tube were Inoeulated with 1 drop of susceptible . lactis
cultufe, using a 1:8 dilution of the orgsnism in litmus milk,
and inenbated 14 to 16 hr, at 32° ¢, Tubes of litms milk
then were compares Lo the coagulated control tube, and those
in which normal coagulation had not taken place were considered
to huve cont«ined at lemst one bacteriophuge pérticle¢ The
"most probable number” of bactericphapge perticles was deter-
mined using the probsbility tuble (Buchansn snd Fulmer, 1928)

for trres tubes of esch dilution.



netermins tlon of Bacterisl Populations

Plate ecounts of bucteris were made using ﬁry@tonﬁ‘glucoa@
extract milk ager (Americsn Publie Health Assoecl LHlon, 1948)
an® ineubating pletes 48 hr, at 32° 0,

A Klett-Summerson photoelectric ﬁaléfimaﬁer with [ilter
number 54 was used for turbidlty messurements which served
ag indices of bacterial péyml&tia&&; The colorimeter was

adjustes to O using an uninoeulates tube of meilum,
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EXPERIMENTAL RESULTS

Growth of the Lactie Group of Streptococeil on
Synthetic Hedis

Two quantitles of medils were prepsred according to the
formulae glven by Wiven (1944}, one containing essein hydro-
lysete and the other cont2ining smino scids, Forty cultures,
most of which have been carried in litmua milk for some time
in the stock collection of this laboratory and for which this
laboratory has bucteriophasge filtrates, were tr-naferred to
the two medis using as inoculum one loop of litmus milk
culture per 5 ml., tube. In the medium containing essein
hydrolysate, after uan incubation period of 24 hr. st 52° Cey
fifteen cultures were guite turbid snd eight cultures were
slightly turbid, aAfter 48 hr., these eight cultures and seven
others in whieh growth was oguestionnble a2t 24 hours were cuite
turbid. In the medium contalining smino aclids, five cultures
were culte turbld at 24 hours., and three other cultures were
slightly turbid at 48 hours; these last three cultures were
lost upon subsecuent truinsferring (incubsation for as long =28
72 hours 41d not rasult in growth of these cultures), lenving
only five cultures, 712, 565, W2, W8 and H, which grew resdily
on the synthetic medlum. Since there is considerable doubt

that #8 and W2 are different stroins of Z. lactis, and since



the bacteriophage filtrate for H wes found to be inactive,
W8 end H were eliminsted, leaving three strains of 5. lactis
which grew rezdily on the synthetic medium and with which a
study of the bacteriophege-organism relationships could be
made under rigidly define’ conditions with respect to cell
nutprition,

Upon finding that the omission of Nall produced no demon-
streble effoct upon organism growth, only the ¥all of neutralie
zation was inclnde’ in the medium from this point on in these
investigations.

Hlven {1944) noted that if glutsmine and asparsgine were
autaél&ved for 1% minutes at 15 1b. pressure in the medium,
errabtle growth resulted, He avoided erratic growth by steriliz-
ing glutamine end assparsgine by filtrition and adding them to
the autocluved medium after it was cool.  To find out whether
erratic growith could be avoided by a different procedure, six
quantities of besal medium were prepared end subjected to the
pte-ilization trestments indieated in table 3,

Thess medin were dlspensed ssepticully into test tubes,

5 ml./tube, sncd inoculsted with basal medium cultures of .
lactis strains 565, WE and 71X, Ten tubes of = medium were
used for esch orgsnism, and one drop of culture per tube was
used as inoculum. Turbidity resdings were made nfter Z2 hours
incubation at 32° ¢,

FThen glutamine and sspsragine were sutoclaved 11 minutes

separstely from the medlum, most cultures of str-in 565 did
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TABLE 3

Effeet of different sterilization trestments for glutzmine
and asparagine on the growth of S+ lactis in the
synthetic besal medium

‘ Tarbidity re ding L2 nours)
Se lactls Heat trente
Tst¥ain ment
Time Tﬁmg
{min.} { C¢}» 1 2 3 4 5 & 7 8 g 10

11 121 84 79 B6 87 87 8Y 88 85 88 87

565 13 121 79 80 87 Y7 84 74 B3 €8 65 78
18 12 71 76 20 77 6B 69 T4 6 T4 U3

11 8 4 0 1 © ¢ 4 10 1 O Q

-3 b Ba 93 93 B4 80 97 92 87 71 95

a ¢ 106 81 107 108 102 105 104 102 ~= ==

11 121 94 90 91 90 88 BT 91 87 92 9Z
13 121 87 83 83 84 B4 B4 B8 BB 93 80

w2 15 123 12 82 83 B2 €4 80 78 Y7 38 85
i1 a 115 118 120 120 123 118 119 120 118 114
3 b 117 116 121 118 122 122 118 118 115 113
0 e 119 132 135 136 135 135 134 132 e -

11 121 86 86 B85 85 BR 82 85 83 83 82
13 121 79 78 78 7B We w2 Wt wr U8 B8R

712 15 121 82 81 81 78 79 B2 82 81 B8O 79
11 21 lﬂﬁ }.O}. 101 1{35 . o - - - -~ — - -
3 b 11l 108 =+ we we en mm e ww =-
0 ¢ 127 127 128 126 126 124 126 126 125  ~-

8 01utamiﬁa and aspﬁraﬁine antoelaves? séparaﬁaly from medium at

' o
b Glutsmine and aggarﬁgin@ heated to about 90 C. in Arnold steam-
er,

® glutemine mand asparegine sterilized by filtr:tion.



not initiate growth doring 22 hours, while the turbidities
developed by cultures of strains W2 and 712 were only slishtly
less then tkose'aavﬁlapﬁﬁ when glutamine and asperagine were
sherilized by flltrztion. Erratle growith wes the result with
two cultures of strain 565 and three cultures of strain We when
glutamine and asparagine were autoclsvesd 15 minutes with the med-
ium, while there was decrease’ growth with three cultures of
the me’lum was decressed to 15 minutes. Erratic growth sppare
ently mevy be zvoided by autoclaving the medium containing
glutemine and asparagine only 11 minutes; however, by so doing
the growth of esch of these three str-ina of S. lactis was
glightly below that in the medium contrining urhested glutanmine
and asparagine.

Other than for carrying stock cultures of 5 5, %2'gmﬁ 712,
glutamine and asparagine were sterilized by filtration for all
media used in these investigations, unless stoted otherwlise in a
particular seetion of this thesis.

After the synthetic basal medium wss shown to be sufficlent
for multiplication of buacteriophapes active against 3. lactis
strains 56 and W2 and insufficient for the bacteriophsge achtive
asinst S. lactls strain 712, 1t was desir-ble to know 1f other
bactorlovhages would multiply in the br-sal medium supplemented
go as to allow growth of thelr respective host cells. lence, s

study was conductel to determine what nubtrlents when asdded to



the busal me’ium would permit growth of other str ins of the
lackic group of streptococeci.

while 1ittle work nes been conducte’ on the nutrition of
S+ lactls and S. cremoris, an extremely large smount of research
haa been econducted during the lasst decade on the nutrition of
other organisms producing leetic secld, This work was reviewed
by Snell {1946)(1848), Yoods (1947) and Kozer (1948). Supple-
ment II{table 1) contalning seversl nutrients which have been
shown necessary for various laetic scid orgi:nisms was made up
énd added to the bossl medium in an effo t to supply the necesse

ery growth factors for seversl strsine of J. lsctis #nd 5. eremor-

e

is. 7This supplement was compose’ of sodium meetate (Guirard,
ﬁneil, and Williame, 1946), % mg./ml.; Tween £0, s polyoxyethyl-
ene derivative of sorblitsn monocleate, (¥Willisme, Frooulst, and
gnall, 1947) 2 mg./ml.; reticulogen, a commercisl liver extract,
{Paumann eand Sauberlick, 1§4E), 0.2 microl./ml.; p-emonibenzoic
acid (Lampen snd Jones, 1947}, 0.2 »/ml.; follc acild (Mitchell,
gnell, snd Willisme, 1941}, 0.01 7/ml.; thymine (&nell and
Mitehell, 1941), 5 ¥/mle; pyridoxamine (Snell, 1946), 17 /ml.;
pyridoxal (&nell, 1946}, 1 7/ml.; nicotinamide (Snell, 1946),
1‘77&1;; and inositol, 17/ml. Although the latter was not
require! by any lactie acid organism use: by Shenkman, Camlien,
Block, Merrifield, snd Dunn (1946}, it was includes” in a wedium
uged by ‘unn, Shankmsn, CAmien, and Bloek (1946), Cysteine,

0.1 mg./ml., also was included to inere-se the snserobie condi-

tions of the medium.
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Hesulte obtsined by adding supplement II and wsrious
modifieationg of this supplement to the basal medium for 22
laboratory stock cultures, none of which grew st 40° C. or
produced ammonia from L~arginine, are given in table 4. Results
using 20 cultures just 1solated for the stﬁdy, 8 cultures
isolated in December, 1945, and 3 stoeck cultures, =all 31 of
which grew at 40° C, and produced ammonis from L-arginine,
are given in table 5, All cultures were traonsferred from litmus
milk to bassl medium %o which supplement II h-d been added,
After three serial trensfers in the supplemented b-ssl medium,
cultures were transferred in duplicste to tubes of bisal
medium conteining the indicated modificutions of Supplement 11,
Turbidity reedings were made after 24 hours incubrtion at 32° ¢,
on ﬁhm second serisl transfer in » medlum in which turbidity
developed during the first 24 hour incubation perlod. One drop
of inooculum wss used in sll cases.

The important functions of sodium acetate and unssturated
fatty selids in the growth of wvarious lactic =2¢1d bscteria hive
been reported by several workers. Guirard, Snell, and Williems
{1946), finding that acetzte could be replaced by several fatty
acida, keto sclds, and sterols for a few lsetic c¢cid bacteris,
indientes’ that scet-te might serve in the synthesis of cellular
lipaiﬁal moterials. Thset the presence of high molecular welght
u saturated fatty aclds eliminated the recuirement of one

strain of L. cagel for biotin (Williams and Fieger, 1946 and 1949)
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TABLE 4

#ultiplicstion of strains of 8. gremoris on the synthetic
basel medium supplementeds as
indicated

{av. of duplicate determinations)

Turbldity ﬂ@mww,ﬁm ww aa wna @waﬁ,ngtwwaaﬁa.;
Gulture None

- - o

PHE 0 34 74 19 93 55 B0 O 0 5 2 86
#6 1 $8 129 130 125 116 130 0 0 0 a 141
318R/27 3 104 144 125 140 138 138 0 0 112 133 110
497 0 B2 131 107 134 114 119 © 0 0 0 104
1447 0 78 108 68 100 95 91 0 0 25 46 108
Ml 0 16 88 15 88 B89 B2 8 6 60 76 110
L 2 107 138 96 115 111 1007 53 108 127 147
Hl-2 0 45 T4 2 0 0 00 we we we ==
H1=-10 1 73 83 123 115 111 107 0 0 21 88 127
MLl 0 46 94 35 36 58 50 0 0 28 28 70
Q 0 75114 B0 80 70 68 0 0 37 33 108
E8 1 60 90 65 98 105 105 0 ¢} 5 10 90
798/11 1 93 143 116 125 124 122 0 84 120 143 85
Ip5 0 94 117 93 135 119 118 O 0 15 23 118
Ko O 54 86 67 99 92 910 0 79 108 74
HP 0 90 80 64 70 55 56 0 0 0 0 89
KoHe 0 70 105 72 103 92 96 0 10 50 93 126
459 0O 78 101 55 78 81 750 0 39 83 105
573 0O B84 75 56 B8 B9 59 0 0 37 80 108
799 1 97 100 93 90 105 85 0 0 49 60 81
wé 0 110 139 100 120 113 113 0 81 31. 49 115
1281 0 103 122 73 92 B9 950 105 71 88 79

8 see table 1
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TABLE 5

#ultiplication of strainsg of S. lactie on the synthetie
basal medium supplemented as indieated

{av. of duplicate determinations)

Turbildity veadings at 24 hr, With supplement:

Culture ¥o supplement Bupplement x1®
1 60 -
2 1 127
4 132 ——
5 o 131
6 1 128
7 88 ———
g ) a}. -
10 108 -
11 110 S
1z 100 -
13 82 ———
14 0 136
15 0 103
16 120 -——
18 96 -
19 143 -
20 . 110 I
1,1 80 95
2,1 128 155
3,1 113 183
4,1 0 150
1,8 0 155
4,8 32 123
2,15 0 170
3,15 0 200
712 136 187
585 128 185
we 132 182

& gsee table 1



B2

indiecated that blotin functions as & coenzyme in this system
(williesms, Broquist, and Snell, 1947). CGuirar:, Snell, and
wWilliams (1946) found that while severzl saturates snd unsatur-

ated fatty acids could replace sodium segetate for L. srabinosus

snd while the unsstursted scids had some activity in replocing

sodium acetate for L. acidophilus, none of the fatty ascids used,

ineluding oleie acid, was sctlve in replacing sodium acetate
for the strain of L. casei used, Three lactobacillus organisms
and one streptococcus orgrnism were reported by ¥illiams,

Brogulst, and Snell (1947) and one strain of L. arabinosus

“was reported by Whitehill, Ojeson snd SubbaRow (1947) for which
the olele ncid or high molecular welight unssturated fatty acid
requirement could not be modified by using scetate, biotin and
other growth factors.

In the nutrition of many strains of £. gremoris and 3. laetis,
as shown in tables 4 and 5, both scetate and olele scid play
important roles. All 22 strains of S. cremoris and 9 of 31
strains of 3. lactis failed to become turbid on the basal med-
ium within 24 hours until supplemented with elther sodium
acetate plus Tween 80 or reticulogen. Even when the b sal meds
ium was supplemented with the entire mixture of growth factors
minus‘r@tiaulogen, sodium acetute, snd Tween 80 (supplement VII)
all strains of £, eremoris feiled to become turbid, which in-
diecates that the reculrement by these ecultures for either

reticulopen or sodium acetste and Tween BO was not eliminated



~BB

by eny nutrient or combination of nutrients used in the supple-
ment. %hen sodium acetate and reticulogen were left out of

the supplemented medium (supplement VIII) only one strsin, lz2-1,
developed normally, while streins DL, 798/11, KH and %4 developed
turbidity a2t o rate somewhst lesg than on the more complex med-
ium. Upon ineluding sodium acetate snd M aving out Tween 80

{ supplement I%) there was sn ineresse in the number of cultures
which éevalapaﬁ.turbiéi%y. Heweve:, only cultures 318B/27,

DL, 799/11, K2 end 122-1 develope: turbidity somewhat normally.
The stimulstion csused by an increase in the sodium acetste
eontent from £ to § mg./ml (supplement X) was not as great as
that caused by the addition of 2 mg./ml. of Tween 80 (supple-
ment 1II)s In the basal medium supplementes only with reticul-
ogen {lJupplement I}, turbidities in genersl were glightly less
than when the bmsgl meiium was supplemented with sodium acetate
and Tween 80 (supplement XI). Heowever, turbiditles developed

by strains 318B/27, 799/11, HF, 799 snd W4 were =bout ecuzl to
those &@V@lﬁpeﬁ when sodium acetate and Tween 80 was the
supplement, and strainsg Hl-< and 12«1 sctuslly became more
turbid when the supplement was reticulogen, Strain Hl-2, an
extremely slow culture even in milk, usually became turbid
between 55 and 48 hours in the bausal medium supplemente’ with
sodium scetate and Tween 80, Cultures 318B/27, 497, MLl, 799/11,
789, W4 and 12Z2.1 developed slightly higher turbidities with the



entire mixture of growth factoras (supplement I1} thsn with only
sodium mcetate and Tween BO (supplement XI), while w ltures M1,
H1-10, KH snd 573 developed slightly lower turbiditles when the
entire mixture of growth feetors was edded. Thus the adding of
reticulogen and the several other growth factors provided little
stimalation for most cultures growing in the basal medium aupﬁla—
mented with scdium acetate and Tween BO. Those cultures of S,
lactis whieh did not reguire sodium acetate and Tween BO were
stimulated by the addition of these ingredients in every case
checked {(table 5).

Vitamin Byo wag used in an effort to satisfy the growth
requirement of 12 stralns of £. eremoris for sodium acetate and
Tween B0, but the addition of 0.0004 ¥/ml. 4id not cause any of
the cultures to become visibly turbid within 24 hours.

Though the original classifieation and the time of isolation
for most of the 22 eultures which were classified as 8. gremoris
is not aveileable, it is interesting that all of these cultures
heve been carried in laborstories for, asg fer as is known, many
years, The 20 cultures isolated for this study, 8 cultures
which were isolated in December, 1947, and W2 which was isclated
in 1945, all were clagsified as S. lactis, along with 712 and 565,
both of which were obtained from United Dairles, London, England.
¥ichols and Hoyle (1948} found that of 277 streins isclate? from f
commercial starters all were §. cremoris and that, of 72 wild |

strains sultable for use as starters and isolated from samples



of sour milk, 70 were 8. lactis while 2 were doubtful S. gremoris.

Multiplication of Bacteriophsges eﬁ Busceptible
Host Cells in the Bagal HMedium

In order to give direction to the study, it was necessary
to know whether or not bacteriophsges would multlply on suscep=
tible host cells while growing in the basal synthetlic medium,
Results from such work would determine whether thelinve&tigation
wag to proceed by the omission or the addition of mutrients.

Preliminery investigation showed that with combinstions
565»?54 and W2-F24 the bacteriophages 4Aid multiply in the basal
medium; however, with the other combinations used, the bacterioce
ghagéa d4id not multiply. _

_ After carrying bacteriophage strains F54 and F24 serislly
through four transfers on thelr respective host ¢ells in the
basal medium, making a new filtrate after each transfer, compari-
sons were made between the maltiplicetion of these bacteriophages
in sterile skim milk and in the basal synthetic melum. For
tbese comparisons the basal medium and the sterile skim milk
were made up in quantities of 100 ml., and stored in the refrigera-
tor overnight, Glutamine and ssparagine were autoclaved in the
bagal medium, After allowing time for the media to reach 32° ¢.
in a water bath, at O hr. minus 25 minutes, they were inoculated
with susgceptible eslls; and, at O hr, minus 5 minutes, the homolo~

gous bacteriophages were added. After allowing 5 min. for sgitation
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and adsorption, plate counts were made and the most probable
mmbers of buceberiophasges were delermined at O hour and as
1ndiaateﬁ‘ Tables 6 and 7 siow these comparisons with combinae
tions 568754 and We-F24, respeciively.

Tables 6 and 7 indicate that the development of bseterio-
phrge csused mass lysis in milk, but not in synthebiec medium,.
Actually only slight dreps in the number of orgenisms occurred
in the synthetie medium. That the large numbers of viasble
cells present at 10 hours in the synthetlc medium did not result
from the maltiplics lon of resistant orgenisms seemed evident
upon finding thst these organisms did not form colonies when
1 ml, of baecteriophage filtrate containing lﬁﬁ or 109 bacterio-
phuge purticles was added to ench plate In making survival
counts, fvidently other {uctore were involvesd which made the
organisms temporarily resistant to bacterdochige sction.
nelbruck (1942) noted such a phenomenon with E. goli, which
produced a substance, probably indole, from tryptophan which (
inhibited the adsorption of 74 bseteriophage to cellss Clear-
ing did not always oceccur in the synthetlec medium, even when
the concentration of bscterlophage wae 88 high as 103 baeterio-
phage particles per ml.

while bacterlophajges active agsinst $. lactls stralns 565
gnd #2 multiply on the basal medium, the rate of multiplic- tion
is somewhet less rapid then in milk. While no comparisons

were made between milk and the busal medium containing filtered
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TABLE 6

Qcmpariaon'af'sgnthatic basal medium with milk as a

growth me<ium for 5. lactis (565} and bacterio-
Phage {Fb4)

Incuba- SYNLhetilc Dashl me ium Witk

Wo. of bacteriophage

Total pilate count/mi.
particles /ml,

tion ~ontrol Becterla with Deotoria Uyhthe-
time  bscteria bacteriophage with bac- tie ®ilk
{hr.} teriophage Dbasal

, ‘ medtum

0 5.5x10°  1.1x108 2.5x10%  2.5x10°  2.5x10%

1 - - 1.0x107 — 2.5x10%

2 4.7x105  8.6x10° 172100 9.,5x20°  2.5x105

3 - - 1.0x10° - 2,0x10°

7
4 1.3x10 2, 5x10°7 1.0x10% 2.5%10°  4.5x108
5 -- - 1.0x10% - 9.,5x10°
7 7 2 6 6

6 6.0%x10 2,810 1.1x10 4.5%10  4.5x10

7 L - i - - -

8  1.2x108  2,9x10% _— 4.5%10° -—

9 g =3 . W5 - - E 2 ]
1{) 1 .ﬁxlﬁg ad it ’4’4& 5:&1{}6 -
12 2.5x10%  1.2x108 - 4,5x108 -

Fote:

Total plate
medium with bacteriophege &% 10 hr. with 1 ml,. filg
trate added per plate was O colony on duplicazte 10
plates.

count of bacteria growing in synthetic
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TABLE 7

Comparison of synthetie begal melum with milk 28 a

growth medium for S. lactls (W2) and beeterio-

T Thage (¥24)

Total plate count /mi,. “Yo. of bacteriophage

Incuba~ Iynthetlc Disal medium  BLlK particles /ml.
tion ontrol Hacterlis W1Eh rFacteria Synthe= ‘
time  bacteria bacteriophage with bae~ tic Milk
{hr.} teriophage bagal

medium
o 5 oy D g 1 1
0 2 «BR10 S.9%10 Puexll 2.5x%10 9 5%10
1 - .- 4.5x10° - 9, 5x10°
2 5.1x10°  5,7x10° 1.1x107  2.5x10°  1.5x10%
7
3 - - S.0x210 - _2.53135
T S | B o B 7
4 2L 0x10 2e5x10 4,7Tx10 2.5x10 245%x10
5 - - 5.0x10" - 2.5%107
7 7 1 8
g 1.3x10°  1.8x10° — 9,5x10° -—
a ;
10 1.0x10 5.9x10° - 4.5x10 " -
11 - P - - - -
12 - 2.0%107 -- 2 .5%107 -
Hotey

Totel plate count of bueterie growing in synthetic

medium with becteriophage at 10 hr. with 1 ml. fllg
trate added per plate wazs O colony on duplicate 10

plate. '
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gluteamine snd asparagine, a compesrison between hested and un-
heated glutamine and asperagine indle:ted that higher numbers
of bacteriopheges were present at 7 hours in cssesz in which the
glutamine and ssparagine were sterilized by filtr tion. This is
shown in the section concerned with the omission of nutrients.

While S. lactis strain 712 rapidly produced turbldity in
the synthetic bassel medium, 51l sttempts to obtain multiplica~
tion of its homologous buscteriophage, FH6, failed. The ﬁamber
of demonstrabhle bacteriophage particles decline! after £ to 3
hours incubation at 32° C. Adjusting the initial pH of the
medium to pH 6.0, pH 7.0 snd to wvarious intervals between these
two ¥alues had no deteectable effect upon the multiplic tion of
bacteriophage F56 in the synthetic basal medium,

An experiment was run to determine whether nine other bancter-
iophages would multiply on their respective host cells in the
syntretic medium. For this experisent the synthetic basal med-
ium was supplemented with sodium acetste and Tween 80 so thst
the susceptible eultures would maltiply, and the glutsmine and
asparagline were sterilized by filtrstion, The synthetic medium
was Tound inadeguste for the multiplics=tion of these b:ucterios
phiges (toble 8) and sctuslly permittesd compsratively little
orgenism growth in most b&&aﬁrdﬁ?ing the 7 hour period.

It was evident at this stage of the investigsation that two
ccnraes}@f study were open, First, 1t was desiroble to know the
effect of the omission of nutrients from the synthetic basal

medium upon the two bascteriophages which were found to multiply



il ue

TABLE 8

Hultiplication of bacteriophage on the synthetic basal
mecium supplemented with 2 mg./ml. sodium acetate
and £ mg./ml. Tween 80

Wo. Of DBOLOriOpNase pATL1CLES

Orgenlsm RBacterloe Turbidity
gtrain phage O hr. 3 hr. 6 hr, of control
strain ; {7 hr,)
712 P56 2.5x10°  2.5x10° 5 x10% 140
FH8 P65  9,5x10°  2.5x10%  9.5x10° 4
318B/27 ¥4 2,0x10°  2.5x10° 2,0x10° 23
M1 P25  4.5x10°  2,5x10° 4.5x10° 16
ES P63 4.5x10°0  4.5x10° 7 x10 27
1p5 F68  7.5x10°  3.,0x10° 9 x10t 21
HP 59 2.,0%10°  4.5%10° 9.5x10° 8
459 52 4.5%10° 9.5xlo£l 7 x10° 16
wa P21 2.5x10°  2.5x10° 2.5x10° 46
122-1 ™6 2.5%10°  2.0x10°  9.5x10° 11
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on treir respective host cells when grown in the synthetic

basal meslum; and secondly, 1t wse desirable to know what chinges
in or sdditions to the supplemented &ﬂsal medium were necesaary
to make it sultable for the proliferstion of the several other

strains of bacteriophage.

kffect of Omission of Wutrients Upon the
wultiplication of Beeteriophages and Orgenisms of Come
binations 565-F¥84 and W-2F24
In this study slightly different procedures were followe:

for the ﬁiffarant triﬁis. In tﬁé first trisls, 100 ml, cusne-
tities of medis were placed in 6’95. serew c¢ap bottles, and
plate counts were made st O hr. én& 3 hr. to give sn indicsa-
tion of organism growéh* The @ﬂé of 3 hours was chosen ag the
tire for chesking @rgéﬁiam graw%ﬁ beesuse it allowed sufficient
time for differences in arganism'grewth to develop snd because
there was 1little d&ngér of a ﬁeaiine in cell count due to
bacteriophage action until after three hours. A separate
control culture was not used becsuse seversl investigstors
have shown that during the early astages of growth the survival
an’ normal curves of orgsnism grewﬁh are oulte similar. Also,
gince 1t had been Pound thst sutoelaving the glutamine and
ssparagine with s medium 11 minutes crused only slightly
decreased growth with S. lsctls stroins 565, W2 and 712,
zlutamine and aspsragine were auntocl-ved in the medias for

the Pirast trisls,



In the second trials medla were prepared in cusntities of
25 ml. end immediately sfter being inoculsted with susceptible
bost eells, each lot of medium wes divided into one 5 ml. and
two 10 ml. ncuantities snd placed in 16 x 125 mm. screw-cap culture
tubeg. To one 10 ml. auantity, 0.1 ml., of diluted bacteriophsage
filtrote was added. To the second 10 ml, cusntity was added
0.1 ml, of heatel diluted bacteriophage filtrote, and the 5 ml.
guantity was used as a control on normel org-nism growth, Ture
bidity readings were made a2t 7 hours on the control snd the
control plus heates filtrate, With both trials media were sllow-
ed to resch 32° ¢, in & water bauth, and susceptible orgsnisms
were added at O minus 25 minutes, A+ O minus 5 minutes the
homologous bacteriophages were added,.

The nutrients (tables ©,10,11 and 12) ere liste!l in order
of increasing concentration of bicteriophapge for the second
triel with combimstlon 565-%54 (table 10} Such an arrangement
of nutrlents sutomatienlly arranged, with a few exceptions, the
turbidity messurements in order of inceressing orgenism growth
{tables 10 esnd 12). This was shown to a lescer extent by plate
counts at 3 hours (tsbles 9 and 11}. If the sbsence of a nutrient
decreased the growth of an orgsnism, it nlso decressel the
rate of multiplicution of bacteriophsge growing in combination
with thet orgsnism and vice versa.

The omission of certaln nutrients from the bisal medium,

namely, UL-phenylal-nine, L-lysine, Ca pantothenate, pyridoxine,
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TABLE 9

¥ffect of the smbsence of nutrients upon the multiplicstion of
565) and bacteriophage (F54)

Streptococeus laetis {

{first trisl)

colunm.

Ratrient Wo. of bacteriophage Total plate count
omitted particles , ;
T U AP, Y HT .2 0 Br. D Dr,

Nicotinic meid 9.5 x 10° 2.5 x 1a§ 1.7 x 1@§ 4.8 x 1a§
nL-leucine 945 x 1&§ 4.5 x 107 1.5 x 10g 1.7 x 10,
L=glutemine 0.5 x 193 9.5 x 10° 1.8 x 105 1.3 x 106
NL~valine 9.5 x 109 1.5 x 10% 1.7 x 10g 1.7 x 10y
Thiamine 9.5 x 108 2,5 x 1@§ 1.8 x 10, 1.7 x 10
nLemethionine 9.5 x 102 9.5 x 10} 1.5 x 162 4,0 x 1@$
L-arginine 9.5 x 1a§ 9.5.% 10 1.3 x 100 1.3 x 10,
TL-isocleucine 9.5 x Iég 2.8 % 10§ 1.5 x 1@2 2.9 x 108
Riboflavin 9.5 x 105 4.5 x 10g 1,8 x 105 B.4 x 10g
Di=gerine 9.5 x 10 2.5 2 10 1.7 x 10 5.0 x 10
piotin 9.5 x 105 9.5 x 105 1.7 x 10§ 5.8 x 10
Uracil 9.5 x 105 9.5 x 10§ 1.6 x 10, 1.4 x 10g
L-histidine 9.5 x 105 7.5 x 10, 1.3 x 10% 4.2 x 10
Adenine 9.5 x 10, 2.5 x 103 1.5 x 192 4.4 x 10§
L-hydroxyproline 9.5 x 105 4.5 x 109 1.8 x 105 9.4 x 10
DL-phenylalsnine 9.5 x 100 9.5 x 100 1.5 x 10p 2.2 x 108
L-alanine 9.5 x 1Gg N 107 1.5 x 106 7.8 x 10
L-lysine 9.5 x 105 2.5 x 10, 1.5 x 10, 8.4 x 108
TL~-threonine .5 x 102 2.5 2 lﬁé 1.5 x 10 5.0 x 10g
Ca pintothenste 9.5 x 10° 4.5 x 10 1.5 x 10° 9.4 x 10
Pyridoxine 9.5 x 1@2 245 x lﬂg 1.5 x 102 1.6 x 10:
Guanine 8.5 x 10 2e& x 1&7 1.8 x 165 8.5 x 107
L-tyrosine 9.5 x 102 2.5 x 10, 1.4 x 100 2.2 x 10
Asparagine 9.5 x 107 £.5 x 107 1.5 x 1&2 9.0 x 107
Glycine 9.5 % 1ﬁﬁ 2.5 x 19? 1.5 x 1@6 l.1 x 107
DL-aspartic zcid 9.5 x 108 2.5 x 104 1.3 x 10g 1.6 x 109
Yanthine I 1@2 2.5 % 103 l.d x 106 1.4 x 137
IL~c¢ystine 9.5 x 10 7.5 x 10g 1.5 x 108 Sed x 10,
L-glutamic aeid 9.5 x 19% 2.5 x 10 1.5 x 105 1.5 x 10,
DL-tryptophsne 9.5 x 10 2.7 x 10 1.7 x 107 2,5 x 10
L-proline 9.5 x 10° 2.5 x 10, 1.6 x 108 1.5 x 107
TL-norlencine 9.5 x 16? 9,5 x 10g l.4 x 108 l.1 x 167
None 2.5 x 10" 2.5 % 10 1.4 x 10 1.6 x 10
8 silution 7 wes highest dilution made for results in this
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 PABLE 11

Effect of the absence of nutrients upon the growth of
Streptococcus lactis (W2) and bacterliophage (¥F24)

{first trisl)

Tutrients Wo. ©F bacteriophage Tota]l plate count

omitted particles

, , U hRr. 7 Ar.® 3 hr, T hr,
Nicotinic =eid 9.5 x 10° 2,0 x 1&2 2.4 x 108 4.3 x 108
NL-leueine 9,5 x 108 0 x 10° 2.4 x 10° 2.2 x 10
L-glutamine 9.5 x 1@% 9.8 x 105 2,1 x 103 3.3 x 108
DL-valine 9.5 x 105 0 =x 105 1.6 x 105 1.7 x 10y

—~Thismine 9,5 x l&é 2,5 = 1@5 2.2 % 10g 2.1 % 19?
DL-methionine 9,5 x 100 1.5 x lﬁﬁ 1.8 x 10g 1.9 x iﬁv
L-srginine 945 x 102 1.5 x 10; 1.6 x 105 1.3 x 107
DL-isoleucine 95 x 10g 4.5 x 1@# 2,1 x 10g 4.4 x 13?
~Riboflavin Ge5 x~1§2 2.5 x 10? 20 x lﬂﬁ 1,0 x 167

M=-gerine 9.5 2 10 2.5 x 10 2.5 x 10 2.1 x 10
Blotin P85 x 1ﬁ§ 9.5 x‘lﬁg 2.2 x 19& l.4 x lﬂg
Uraeil 9.5 x 10, 1.5 x 10, 1.6 x 10, 8.7 x 10&
L-histidine 945 x 105 9.5 x 107 1.6 x 10 4.0 x 10y
Adenine 9.5 x 10, 2,5 x 10y 2.4 x 10g 1.9 x 104
Lehviroxyproline 9.5 x 1&3 245 x 10, 2,3 x 10, 1.6 x 10
DL-phenylalanine 9.5 x 105 1.5 x 10g 1.9 x 10 7.4 x 108
PL-alanine 9.5 x 107 7.5 x 100 2,3 x 10g 1.7 x 10,
L-1ysine 9.5 x 102 2,5 x 10; 1.2 x 10g 1.6 x 107
M~threonine 8.5 % lﬂé 4.0 x lﬁ% 1.8 x 1Gﬁ 7.0 x 105
¢a pantothenate 9,5 x 10 2,8 x 10" 2,3 x 10 9.2 x 10
Pyridoxine 9.5 x 108 28 x 1@3 2.8 x 102 1.8 % 103
Guanine .5 x 1&2 28 x 1&5 2.0 = lQﬁ 2.1 x 167
L~tyrosine 98 x lﬁg BB x 1ﬁ$ 242 % 306 2,0 x 10y
Aspsragine BB x 10, 4.7 x lﬁv 1.5 x 10 2.0 x 10,
Glyeine 9.5 x 10§ 2.5 x 10 2.2 x 10, 1.6 x 10,
NL~aspariic aeid 9.5 = l&g 2.5 X 10g 244 x 196 2.3 x 10
Xanthine 9.5 x 10 2.5x 10 2.6 x 10, 3.1 x 107
L-cystine 9.5 x 107 9.5 x 10§ 1.9 x 10 1.8 x 107
L-glutemic aeld 9.5 x 105 2,5 x 10, 2.0 x 105 1.7 x 10q
DL=tryptophane 9.5 x 108 4.5 x 10 1.8 x 10° 1,0 x 10
L-proline 9.5 x 10 2.5 x 108 2.3 x 108 2.0 x 10]
Dl-norleucine 9.5 x 102 2,5 x 10, 2.4 x 10, 2.6 x 107
Nore ~~ v 9.5 x 10 9,8 x 10 2.1 x 10 2,0 x 10

& nilution 7 wes hishest

column,

dilution ma&e‘far regulte in this



Y.

TABLE 12

Effect of the abasence of nutrients upen the growth of

Strepbococens lactis (We) and baecterlophe

{second trial)

ge (F24)

Totrient Ho. of bacteriophnage TOrbLlaity (7 Rr.)
omitted particles ;
B Br. % Br. “Tontrol
plus heated  Control

, filtrate
Nicotinic seid 1.5 x 105 9.5 x 103 11 13
PL-leucine 2,5 x 102 9.5 x 10, 1 11
L-glutamine 1.5 x 1@% 240 x 1&2 11 14
DL=valine 2.5 x 10% Deb x 198 -3 )
-Thiamine 1.5 x 10 4,5 =% 1QV 55 58
PL-methionine 2.5 x 1027 2,5 x 10, 6 9
L-arginine 2.5 x 105 4.0 x 10, 20 21
TL-1iscleucine 2.5 x 1@3 2.5 x lﬁg 9 9
- Riboflevin 1.% % 10 9.5 x 10 &2 B
Di-serine 1.5 x 105 4,5 x 10° 28 27
Biotin 2.5 x 103 4.5 x 108 19 20
Uracil 2.5 x 10° 4,5 x 10 35 51
L-histidine 2.5 x 102 2,5 x 107 4 4
‘Adenine 1.5 x 1@2 9.5 x 104 60 . 59
L-hydroxyproline 1.5 x 10 1.5 x 10 60 60
DL-phenylelanine 2.5 x 105 2.5 x 10§ 50 45
nL-alanine 2.5 % 3@% 2.5 x 10g 20 24
‘L-lysine 2.5 x 10 2.5 x 107 58 60
DL-threonine Z.5 % 10Y ZeH % zaé 60 60
Cr pentothenste 2.5 x 10° 2,5 x 10 40 35
_ pyridoxine 1.5 x 107 1.5 x 10° 54 . 56
guanine 1.5 x lﬂg Beb x 102 64 66
L-tyrosine 2.5 x 107 9.5 x 105 53 . 59
peparagine 1.5 x 1a§ 4.5 x 10, 63 87
Glvcine 2,% x 10 4.5 % 108 51 52
Ni~aspartic acid 1.8 x 10 1.5 x 10g 61 65
¥anthine 1.5 x 10 4.5 x 10 79 79
Leoyatine 2.5 x 105 4.5 x 108 45 57
L-glutemic aeid 2.5 x 105 9.5 x 105 55 55
nL=tryptophane ZeB x 10 28 x 10 54 54
L-proline 2.5 x 10§ 9.5 x 107 45 48
ni-norlencine 2.5 x 10, 4.5 x 10 43 44
Mone 1.6 x 10° 4,5 x 108 54 58
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L-tyrosine and sspsragine with combination 565-F54 (table 10},
and ﬁmeetbiaﬁina, DL~1isolsucine, Di~serine, blotin and
nL-zlanine with combinution 2724 (table 12) seemed to h-ve
greateor detrimentnl effect upon the development of turbisity by
the host orgenisms during the 7 hour perled than upon the
mult iplication of the homologous bacteriophsges. Upon recheck=-
ing this point (tebles 13 and 14}, such results meeme’ to arise
from variations in the setivity of the orgenisms and bscterio-
phrges during the 7 hour perlod; however, this effect was still
pronounces’ when eilther DiL-serine or Di-alsnine was omitted from
the medium for combinabtion %Enﬁﬁé. This point was investigated
further by checking the growth of WE and F24 at various inter-
vnlé éa ghown in t%%l@ 15, omitting UL-serine from the bosal
medium had only =a élighﬁ affe¢§ upon the growth of We, ihére
aleo wes s glight é@ﬂrﬁas@ in ﬁhe rate of baet@rioghgg@ rrolifer:-
tion., The large differences 15 turblidity at 7 hours seem not
to have resulted fémﬁ ﬁifferanéeﬂ in the numbers of orgsenisms.
This informztion further indicated that bacterioph: ge multipli.
c-tion wig very cleosely assmciéﬁeé,wi%h the rete of orgsenism
multiplication. ﬁ

The sbgence of Ca ggnkathénake from the b sal medium for
combination W2-Fe4 geeme’ Lo hé more harmful to beucteriophsce
proliferation than to the m&lﬁipliﬁation of susceptible host
cells {teble 12); but, this %ffeat wos not evident when the
experiment wsg repested (t&bleﬁlé}, apnd it did not sppesr %o

he demonstrated in the first trial {tasble 11).
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TABLE 13

Effect of the absence of nubtrients upon the multiplicetion of
ﬁtr@mtaeagcaﬁ lasctis (BAf5) and bacteriophage (¥FH4)
{third trial)

Tatrient Wo. of bacteriophage Torbidity (7 Dre«)
omlitted particles o ,
T Br. T hr. “Tontrol
pins h@ataﬁ Control

DL-phenylalanine 9.5 x 10% 4.5 x 10° 19 18
Le-lysine 6.5 x 10° 9.5 z 10° 45 40
pantotihenic seld 9.5 x 108 2,5 x 10° 20 20
pyridoxine 9.5 x 10° 9.5 » 108 130 129
L~tyrosine 9.5 x 102 9,5 x 10° 132 136
Asparagine 9.5 x 10° 1.5 x 10° 144 139
None 9.5 z 10° 9.5 x 10° 158 154

TABLE 14

Effect of the absence of nubtrients upon the multiplic-tion of
Streptococcus luctis (W2) and bocteriophvge (r24)
T {third trial)

Watrient Wo. ol Dacterlophage “TArbloity V7 hr‘}
omitied 9&&%131&3
T Br. BT, Gontrol
plus heated Control
. | filtrate
MLemethlionins 1.5 x 163 L4505 % lﬂg 13 14
nL=-1isolencine 1.5 x 1@$ GebH = lﬁﬁ 1B 20
TL~serine 1.5 x 10° 2.5 x 10° 43 44
Biotin 1.5 x 10° 9.5 x 108 30 34
DL-alanine 1.5 x 105 4.% x 1&8 &8 28
Ca pantothenate 1.5 x 10° 2,5 x 10° 19 17
mone 1.5 x 10> 2,5 x 10° 93 93
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TABLE 15

Effect of the absence of serime upon the multiplication of
Gtreptoeoccus lactls (W2) an’ bacteriophage (¥24)

“friou~ Wo. ¥ BicterTeo- Total pIate Gount — DiFrest mioro-
bation vhage parbticles 4 seopic count
time  Gontrol DL-serine Control L~serine Control LL-serine
{hr.) | omitted omitted omitted
0 2.5x10° 2.5x10° 3.12x10° 2.00x10° 4,9x10% 6.4x10°
% 3
11/2 9.5x10° 7.5x10°  1.36x10 1.08x107 2.0x107 2.3x107
3 1/4 9.5%10° 1.5x10°  4.35x107 4.50x10° 3.5x107 7.0x10"
5 9.5x107 2.5x107  1.15x10° 9.3x10"  2.0x10% 1.8x108
8 V2PN - 8 8 | 8
6  4.5x10 4.5x10°  2,08x10° 1.18x10 2,5x10° 1.9x10
7 2.5%107 1.5x210°  2.46x100 1.36x10° 2.1x10° 2,8x10°
B 1/4 9.5x107 4.5x10°  2.30x0® 1.66x10° 4.2x10% s5.6x108
Hotey

Ton ml. of culture was ronoved from eseh teat hottle

after inoculating with organism.
readings of thege culinres were:

serine omittes Z6,.
in the obgerved turbiiity of these ecultures at 10 hr.
Total plate counts on plates contuiging 1 ml. filtrate/

plate wers 0 colony on duplicate 10

At 7 hr. bturbidity
control 83 and Dl-
There was very little difference

plates at 10 hr.
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Se loctis strain 565 ic more fastidious in its nutrition-
2l reguirementa than strain ¥es Uhile strain ¥e (tables 11 and
12) developed just as resdlily in the sbsence of any one of the
following nutrients: thiamine, riboflavin, pyridoxine, Dl-
phenylalanine, L-lysine, L-hydroxyproline, snd adenine, the
ominsion of any one of theme nutrients from the basal medium
reduce’ very m&rkeﬁly the growih of atroin 565 (table 10},

Se laatia‘atrﬁin we differed from the £1 strains reported by
Hiven {1844} in that all 21 of those strasins reruired pyridoxine
for the development of normal tnurbidity.

When glutsmine snd asparagine were nutoclaved in the medium
(t«ble 9 and 11), bacteriophuge multiplication Was'g@n&rally
less then when filtered glutemine and asparagine were added to
the me.ium (tables 10 and 12). Thia possibly was due to decresng-

ed orgsnism growih.

Effect of the Additlen of Wnptrlents Upon the Multipli-
eatlion of Bacteriophages and Organisms of Combinations
Other Than D65-754 and Wai-F24

A study wes undertolen to determine whet slter-tion or
suzplementation of the synthetic medium was necesssry to make
it sultable for the proliferation of bacterioph:pe striins other
than 54 and P24 which have besn shown to multiply in the basgal
medium,

furing most of this study only two combinations, 712-F58

an FB«-163, were used becsuse a more informetive study could
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be msde while working with only two beeteriophage-organism
combinations and becsuse these were represoniative of a large
number of bacteriophage-organism combinstions. S. lactis
stroin 712 grew V&r? rapidly on the beosal merdium, while 8.
cremoris strain HE represented a larger number of £, cremoris
gtrains wrich grew on the basal medium only when it was supple-
mented with sodivm ascetate =nd Tween 80 or with s more complex
supplement, snd even then growth during the first few hours was
~considersbly slower than was the growth of £, lasctis strain 712
during the same period,

& standsrd procedure wes used throughout this work. The
various medla indiested were prepare’ in ousntities of 50 ml, and
esepticslly dispensed in quantities of 10 ml, into 16 x 125 mm,.
serew e¢ap ovlture tubes. This gave two tubes of = medium for
ench combination, one to be used sz an index of orginism growth
and the other to be used as an index of beseteriophuge prulifeiaw
tilon., The fifth tube of medium was useld to standardize the Klett-
Summerson photoelectric colorimeter. After allowing the medium
to rench 32° C. in a water bath, at O minus 25 minutes, O.1 ml.
of resuspende’ cells was sdded to ezch of the two fubes; and
at O minus 5 minutes, O«1 ml, of dilute? filtr-te was added to
the tube used for the determination of bucterioph-ge prolifera-
tion. Determinations of becteriophage concentr-tion and turbi-
dity messurenments were made ss indicated,

Since the synthetic medlium seemed to luck some growth
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factor or factors necessery for the adsorption or multiplication
of the baeteriophiges, several attempls were made to secure
bacteriophapge multiplication by supplementing the meiium. The
addition of supplement 1I, which made the synthetlc medium relaw
tively complete with known growth factors important in bscteri=sl
nutrition and also included reticulogen, c-used 2 slight increase
in ¥56, but seemed completely inadecuate for ¥83 (tsbles 16 snd
17). While the additlon of reticulogen did not esuse brcterio-
phage multiplication, the growth of $, gremoris (E8) was stimu-
lzted during the 7 hour experimental period, The addition of
such complex substances a&s yeast extrsct, hydrolyzes esseiln,
tomato julce, peptonized milk and dried skim milk in smsll cuane
tities, while supporting mensiﬁmraéla growth of organisms, 4id
not produce any significant effect upon the multiplic:ition of
bacteriophages F56 and ¥63.

To irprove the anaerobie conditicns of the medium smell
susntities of thioglycollie aﬁid and cysteine were added and
cultures were grown in an atmosphere consisting of sbout 10 per
cent carbon dioxide snd 90 per cent hydrogen {toble 18). fThese
modifications of the medium hed little effect on orginism growth
and did not result in baucteriophage proliferation, The addition
of casein hydrolysate and extra KgHPO, 1n addition to the
thiloglyeollic ncid and cysteine stimulated orgsnism growth, but
414 not e-use inereases in bacteriophage,

since the synthetle medium was not highly buffered, the

EoHPO, content was incressed to maintain a pH level more nearly



TABLE 16

¥ultiplication of 8. lactis (712) and bacteriophage (F56)
on the synthetic basal medium supplemented with

2 mg./ml. sodium acetate,

ag indiested

/a

2 mge/mls Tween B0 and

Turbid-

Supplement Wo. of haet&riégh&g& @ﬁrticléa
(/100 ml. ' 1ty of
medium) O hre 3 hrs. 4 hr. & hre 7 hr. control
: ‘ 7 hrq
v V . .- 2
None 1.5x10 -w < 1x10 - <1x10 147
Retienlogen 2 2 o
(20 miercl.) 1.5x10 ~w  <1%310° - <1x10 152
Supplement 2 - &‘
112 4,5x10° <1x10° - 4,0x10 - 142
Yeast extract 2 9 2
{(0aB ge) 4,5x10" <1x10 - <1x10 - 135
2
Whey {10 ml.) 4.5x30% 3x100 <= <1x10° .- 102
Casein hy- 2 1 5
drolysate 4.5x10 3x10 - 75210 - 162
( 5 mle)
Casein hye 2 . o 2
drolysate 1.5x10 - <1x10” - D+5x10 177
( 5 ml.)
P ¢
Trypticase 2 1 3
( {}nﬁ Ee ) 1.5x10° e 4,0x10 s 2.5x10 181
nried Skim o 2 5
milk 1.5210 - 1.5%x10 ~- 4,5x10 -
? gsee table 1
by penerestic digest of casein



TAZLE 17

Multiplication of S. cremoris (E8) and bacteriophage (F63) on
the synthetiec basal me”ium supplemented with 2 mg./ml.
sodium seetate, 2 mg./ml. Tween 80 and as indlcated

Fupplement Wo. of bogteriophape particies Turbla-
(/100 ml. ity of
meivm) 0 hr. 3 hre 4 hr. 6 hr. 7 hr, control
; ’ 7 e
None 9.5%10%  --  9.5x10° -—-  2.5x10° 18
Reticulogen o 1
(20 mierols}  9.5%10°  «=  4.5x10% “e  7.0%x10° 56
Supplement v
118 9.5%x10% 2,5%10% = 1,5%10° - 70
Yeast extract 2 o 1
{0+5 ga) 9.5x10% 9.5x10 - 4,0x10° - 60
Whey ’ P o 1
{10 ml,) 9.58x107 9.5x%10% - 9.0x10 - 13
Qﬁ.ﬁ@m hy"’ 2 ‘ o 3
drolysate 9.5x107 4.5x10 - 4,5x10 - 86
(5 mlw}
drolysate 9. 5x10 we  GaBxL ~=  2.,0x10% 100
Trypticnge - 1
(0.5 g4) 9.,5%10° e 1.5x10° ==  7.0x10° 85
pried skim o - ' 1
milk 9.5x10° - 4,5%10° - 9,0x10 -
(1.0 g}
8

Seo table 1



TABLE 18

Hultiplieation of orgsnism snd bacteriophspge in anaerobic jer on
the syntretic basal medium supplemented with £ mg./ml. sodium

acetate, 2 mg./ml, Tween 80 and as indicated

ﬂrﬁanismw

combination

Huprilement  HO. OF bacteriophage
bacteriophage (/100 mil.

particles

mﬁaiumj

0 hr.

7 hre

Tarbldity
of

control
{7 hr,)

T12-756

Thioglycollie acild,
10 mlﬁrnl.-evstéina,
lama

9.§x18$

7 ,5x10%

136

£Iycoll

10 micral,-ayatéina,

10 mgﬁ,waaain hy=-
drolyssate

9.5x10°

<1x10°

183

ieglyaaixis é”Ia
10 microl. mwstaine,

10 mg. 0 inw
arew%atﬁg 4

b2 53‘21{35

. 4.031&1

180

PB-T63

Thioglycoll I aeiﬁ,
10 micerol.; cysteine,
10 Mige

4.5%10%

7.0x10%

- Twioglycollic seid,

10 microl.; eysteine,
10 My G ge iﬂ hy*“
urmlysatg 5 mg.

4.5x10°

9.0x10%

25

OgLyY
aeiﬁ, 10 microlss
cysteine, 10 mg.;
KoHPOy4 increased
to 1 g

4.5x10%

2.0x10

42
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1ike thet of milk, which was considered optimum for bacteriophage
multiplication (tebles 19 and 20). Yhen egaﬁgh phosphate was
included to bulfer the lectie scld formed sufficiently to keep
the pi of the medium above pH 6,0, orgenism growth wes grestly
decrevseds, An increase 1ln the &%E?ﬁé content to 1 per cent
improved organiam growth, but it did not c-use multiplication of
bacteriophages With the Ko HPO, content of the me:ium incressed
to 1 per cent, tomato julee, yéateaae peptone and peptonized milk
were again aéﬁ@ﬁ#ta the medium; but, the medium was still insde-
cuete for bacteriophuge multiplicetion {tebles 19 and 20).
pactually the concentratioansof demonstrable bucteriophages
decrenged, |

Upon finding that 5 per cent dried skim milk vwhen adde: to
the supplemente’ busgal medium c:iused only & slight proliferation
of ¥56 and no detectible effect upon F63 (tsebles 19 and 20),
witieh 1z inecompatible wiﬁh.th@ faet thet 1lould skim milk ls used
routinely in lebhorstories for the propagation of bocteriophages
active apsinst the lasetie group of streptococei, a trisl was
made using recondbituted 5 per cent dried skim milk. The re-
constituted skim milk ellowed ranid proliferation of both
bacteriophages (table 21}, while plate counts on the control
cultures revesled that the susceptible orgenisms growing in the
absence of bacteriophages did not reuch ss high concentrations
in the reconstituted skim milk as in the basal medium supplemented
with dried skim milk (tables 19 and 20). While the multiplication
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/ TARLE 19

Effeet of phosphate concentratlon on multipliestion of S.

lactis (712) and bacteriophage (¥56) in basal synthetic

mecium supplemente’ with £ mg./ml. sodium secetste, 2 mg./ml.
Tween 80 and as indicated

phosphate  Supplé-  Nos OF bscteriophage Turbid=
concentraw ment particles ity of
tion (/100 ml. control Remsrks
{g»/i@@ mle m@ﬁiﬂm} 0 hr. 4 his, T hr. (? hrﬁ}
me  lum)

K, 0P0 ‘ p—
ﬁ 5'é’g‘ u.P.ﬁ.

: . 81« at 10 hr
FHgPO4, Hone 2a5ﬁ1&g @.exlﬁl <lx1&2 turbid was(lxlﬁé
Peb B
ohPUg ' LB 8ein k M.F:En
B33 ge  hydroe 2 2 o at 10 hré
EH,POy, lysate, 2.5x10 < 1x1l0" <1x10 81, was<lxlO
. 245 L 5 m1; turbid
Keg§§4' ‘
1.1 g. 2 . 03 214
KpPOgs Nome  9.5x10% 9.5x10° 2,5x10° #1 -
» bl
KoHPO4, - Casein
1.1 g+«  hydro- % % coynd
KHpPO,, lysete, 9.5x10 9,5x10° 21+5%107 g4 -
Oe® o 5 mla , ‘
ﬁgﬁ?ﬁé, z o 4 ﬁﬁ gt vﬁh
1,0 ge Hone  1.5x10Y 9.5x107 4.5x10° 208 hr. wes
D46
o o V ‘ 2 )
phosphate Wone  §.5%10° - 9.5x10" vigible ==
— , " growth
KoHPO4 s Tomato '
2 1%& g« Julce, 40 pil at 7
mley pro- ) e : hr, was

toone p@?tﬁﬂﬁ; 1’53103 2.5%10 < 1x10 3058 4,7
# 9lgepeptone '
Tt S eidngodiiony >

ggki&, Triel ' 3 ‘ 4 » 5 P at 7
1.0 g skim 1.5x10 1.5%x10 4.5x10 a hr, was
milk, B .30

Ha

B Aetunl plate count at 7 hr. was 1.8 x 1&9
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TABLE 20

Effect of phosphate concentratlion on multiplication of S.cremoris
(®8) and bacteriophage (F63) in basel synthetic medium supple~
mented with 2 mg./ml, sodium acetste, 2 me./ml. Tween 80 and

as indicated

Phosphate  Supple~ Nos. Of bacteriophsge Turbide
concentra~ ment particles ity of Remarks
“tion (/100 ml, control
{2+/100 ml, medium) 0O hr. 4 hr., 7 hr.{7 hr.)
medium) \ .
Wﬁ TP {3‘4 " ‘ 5 e ‘
333 ge None 9.5x10° 9.5x10% 2,5x10° ¥Wo -
Kﬁg?éé, visible
Ze5 fe . growth
KHFO,, Casein 5 2 o
Sed ge hydrole 9,85x10° 4.85x10" Z£,.5x10°% ¥o
KH . PO,, ysate, ' visible -
2" o4 ‘
2.8 g 5 ml, ; , —growth
1.1 B Hone - 4LB210  9,.5x10 2 « 2210 46 -
EH PO, , '
2 0% g, - |
AP0, casein o o P
2 1%1 g, hydrol- 4,5%10° 4.5x10° <1x10° 82 -
KﬁQPQQ, ’ vas ke, ' ‘
T Qa9 B 5 ml. ‘ -
X,H%0, , - z 2 B &t 7
T 130 ge ~Wone  9.5x10% 7.5x10 1,5x10 46 hr, wes
6ol
¥o o ?
phosphs te ¥one  9.5x10 - 4,5%10¢ ¥o
~ vigible -~
; | , growth
K- HPO,, Toma t0
1.0 B juieﬁ’ 40
ml. spro= o 2 o
teose peptone #3, 9.5x107 9.,5x10° <1x10™ 248 -
1.0 ge3 peptonized
~HPOg Tied , H at
. l%o e skim 9;5x102 2,5x10° 2,5x10° a hr. was
 milk, § g. L 8,85
® potual plate count at 7 hr. wes 1.9 x 1&8
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PLBLE 21

¥ultiplicetion of bacteriophage~org:nism
combinatlions on reconstituted 5k
dried skim milk

§F= Bac- N0, oF Bucterlophape pAPLICICE Flate

gon- tere ' ‘ S pH count of

ism 10~ O hre. 4 hr. & hr. 7 hr. 7 hre eontrol

phage , , , 7.hrs |

3 . B .27 v Vi

712 P56  1.5%10° 4.5%10°  ~=  4.5x10 6.55  3.3x10

712 F56  9.5%x102 ==  2.5x107  aw 6,55  1.2x107
& ’ 8

F8  F63  9.5x10° 2.5x107° 2.5x10°°  6.50  8,2x10
” ) &8

B8 163  9.5x10° - 2.5x107 - 6456  7.0x107

o
Highegt dilution made.
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of organisms was expected to be greater in the medium con-
sisting of the synthetic medium, dried skim milk and 1 per
cent KQKFQ4 than in reconstituted skim milk, it wes surprising
that significant bacteriophage multiplication oceurred aﬁly in
the reconstitute’ skim milk. ﬁinae’tha medium which supported
no spprecisble multiplication of the bacteriophsages wzs the more
nutritive medium, it seemed that scm@ constituent of the syn-
thetic medium might be inhibitory to bacteriophage sctilon.
upomromitting various natrients from the synthetic medium
supplemented with 5 per cent dried skim milk (tables 22 and
23), 1t was found thet when all constituents of the medium
except K HPO, were included both bacteriopheges developed very
roapldly. Hewever, when Kﬁﬁfﬁé was included in the medium,
bacteriophage mﬁlﬁiplicﬁtioa elither did not take plice or was
very much slower than in the medium containing no KQHF04.
Ammonium phosphate and scodium citrate also were found to
prevent bacteriophage proliferation when added to the synthetie
medium containing dried skim milk, while the presence of sodium
scetate seeme’l to have no apprecisble effect {table 24}). Thus
it seemed thut the phosphate lon was inhibiting bacteriophage
action, poss=ibly by making unsvailsble some nutrient which
wag essential for bacteriophage proliferation. That ammonium
phosphate snd sodium citrete inhibited buetericphige multiplici-

tion while sodium aceteate did not was not coneclusive proof that

the encountered inhibition of bacteriophage multiplication was
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TABLE 22

Effect of omission of nutrients from synthetic medium containe-
ing KgHPO,, 1 g./100 ml.; dried skim milk, 5 g./100 ml, end
supplement XI2, on the multiplicestion of S. lactis {712) and

| bacteriophage (F56)

’ Wo. of bacteriophage
Rutrients omitted ~ particles

0 hr. 6 hr

None - 9.5 x 10° 4,0 x 10%
Amino acids 9.5 x 10° 1.5 x 10°
purine and pyrimidine bases 9.5 x 10° 9.0 x 101
godium thioglycollate and Tween 80 9.5 x1202 o0 x10°
Vitomins, glutimine snd ssparagine 9.5 x 10° 4.0 x 10t
Minerals, sodium acetate, glucose, 2 g
. KgHPO, 9.5 x 10 9.5 x 10

¥gso,* 7 HOH | 9.5 x 192 9,5 x 104
MnGl, * 4 HOH 9.5 x 10 4.0 x 10t
Feso, * 7 HOH 9.5 x 104 0 x 10%
Glucose Feb x 10@ 0 =z 102
Sodium scetate 9.5 x 100 4.5 x 10°
K HPO, 9.5 x 10° 9.5 x 10°

8 See table 1



TABLE 23

Effect of omission of nutrisnts from synthetic medium conbain-
ing KgHPO,, 1 _g./100 ml.; dried skim milk, 5 £./100 ml. and
supplement XI®, on the multiplication of S. eremoris (E8) and

bacteriophage (F63

)

Wo. of bicteriophsge

Tutrlent omitted particles
0 hr, 6 hr,
Wone 9.5 x 1&2 1.5 x 1‘2
Amino acids Pe5 X 103 7«0 x 191
Purine and pyrimidine bases 9.5 x 10° 1.5 x 102
Sodium thioglycoll:te and Tween 80 Ju.5 x 102 2.5 x 102
Vitamins, glutamine snd aspasragine 9.7 x 102 2.5 x 162
Minerals, sodium aaehaté, glucose, : o gb
EoHPO, 9.5 2 10 245 x 10
MgS0, + 7 HOH 4.5 x 10° 5.0 x 10%
¥nCl, * 4 HOH 4.5 x 10° 4.0 x 10t
Feso, * 7 HOH 4.5 x 10° 4,0 x 10%
Glucose 4.5 x 10° 4.0 x 101
Sodium scetate 4;“ x 102 1.5 =% 102
KoHP0, 8.5 x20° 2.5 3107

& Bee table 1
® pilution 9 wes highest dilution made
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TABLE 24

Effect of buffers on multiplication of bseteriophsges
in reconstituted 5 per cent dried

skim milk

‘ T Ko, 6f bacteriophsge
Bacterios- Buffer L particles

phage (1 per cent) r ;
e O ey, & hr,

aAmmonium phosphate, | g 2

dibasgic Y5 x 10 4,5 x 10

w58 _ Bodium scetnte 8.5 = 102 2B x 197
2

Sodium pitrate 9.5 x 10 3,0 x 108

Awmmonium phosphate, ~ o :

dibagice 8.5 x 10 ZeH x 10

B3 godium scetate 8.5 x }.O"3 4.5 % 10

Sodium citrate .5 =z 1@2 4,0 % 161
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TABLE 25

Effecﬁ of ¢aCl, * £ HOH added before asutocleving in

counteracting

he effect of EgH

on bacteriophage mnl%iplia&tid~
_ per cent dried skim milk

2y

if

(05 g+/100 ml.)
reconetituted B

No. of bescteriophage

Racterio- ¢alle +» ZHOH conc. particles
;}hﬁgﬁ {g; 100 m1ﬁ> » '
2 2
Hone 9.5 x 10 4.5 x 10
0.4 E» Cosgulated upon heating
¥56 0l g 9.5 x 108 1.5 x 10°
0.1 g 9.5 x 10° 2.5 x 10°
5 ‘
Hone 9.8 x 10 1.1 x 102
Ok go ‘Ggagalateﬁ npon heating
Fe3 0.2 go 9.5 x 102 4,0 x 10t
0.l g 9.5 x 10° 4.0 x 10t
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TABLE 26

Effeet of CaCly, * ZHOH in counteracting the effect

of KoliPOy (045 g+/100 ml,) on bacteriophage (F56)

mwltiplim%tian in reconstituted © per cent dried
skim milk

(A1l ingredients were neutrslized to vH 6,7, sauto~
elaver and mixed after cooling.)

Wo. of bacteriophage

CaCly » 2HOH Additional salt particles
conec., supplement

(£2/100 ml,) | | | 0 hr. 6 hr,
¥one None 9.5 x 100 9.5 x 107
0.5 @e Supplement Xv® 9.5 x 10° 9.5 x 10%
0ud g None ‘9.5 x 10° 2.5 x 10°
0.2 g None 9.5 x 102 Fe5 x 1@4
0.2 g Supplement XV~ 9.5 % 10° 9.5 x 10t
Oul ga None 9.5 x 102 4.5 x 105
0.05 g. None 9.5 x 10° 2.5 x 10°

2 gsee table 1



TABLE 29

Effect of CaCl, + 2HOH in counteracting the effect of sodium
citrate (0.5 g./100 ml,) on becteriophage (F56) wultiplication

in reconstituted 3 per cent
driei skim milk

(211 ingreiients were neutralize:! to pd 6,7, auto-

elaved =nd mixes after cooling,)

To. of bacteriophsge

CaClgy * ZHOH Additional salt particles
. concs supplement ‘

{£./100 mle) 0 hr, 6 hr,
Yone Yone 9.5 x 10° 2.5 x 10°
Osd g Hone 9'5 X 162 a5 x lﬁ5
002 ge None 9.5 x 10° 1.5 x 10°
0.2 e Supplement Xv2 9.5 x 10° 4.5 x 105
0.1 g;; None 9¢5 x log 4.3 X 1@5
0.1 g. None 9.5 x 10° 2.5 x 10°

a Yee table 1
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cent dried skin milk without affecting bscteriophsge mulitipli-
- eatlion. The concentration of K ,HPO, in the basal synthetie
medium was to be decreased %o this concentrstion before moking
additionsl efforts to obtain bascteriophage multiplicstion in
the synthetic m&ﬁiﬁmm T™we addition of 1.0 or 0.5 per cent

KgHPO, (table 28) prevented bacteriophage multiplication im

reconstituted 8 per cent skim milk, wheress the zddition of
0.1 per cent Kgﬁ?ﬁg 4id not prevent normsl multiplic- tion of
bacteriophages P5H6 and P63, Twe adding of 1 per cent sterlle
Ko HPO4 to the reconstituted skim milk after autocl:sving seemed
much less detriment=1 to the proliferation of b cteriophage

F56 than eutoclaving the KﬁﬁPG in the medium, but this differ-

4
ence in effect was not noted for breteriophage FE3,

In the basal medium supplemented with supplement XIV,
bacteriophages did not multiply when the K HPO, content was
decressed from 0,4 per cent to C.1, 0,05 and 0,01 per cent
(tabiea 290 and 30). The glucose content wes also deeressed to
keep down the prédactiaﬁ of acid by the becteria,

In cages in whieh the glucose econtent was decrensed, deter-
minations of pH using s guinhydrone potentiometric system revesl-
ed that at 7 hr. the pH values were higher thsn that of combina-
tion W2-P24 in synthetic meium and that of combinstion 712-F56
in synthetic meiium containing no K23P94 and supplemented with

small cuentities of dried gkim milk, %while no pH wnlues have
been given for combination W2-F24 in synthetic medivm or com-

bination 712-F56 in the supplemented medium, in both ceses the
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TABLE 28

Effect of KpHPO, on multiplieation of bacteriophsge on
suseceptible haa% cells in synthetle medium supplemented
with 5 per cent dried skim

milk
K HPO, cone. ~T""¥o. of bacteriophage
Bacterio- {g; 100 ml.) ____barticles
phege

0 hr. & hra.

2 1

1.0 Ee 9.5 x 10 4.0 x 10

0e5 go 9.5 x 10° 2.5 x 102
‘ ; 2 Tl

756 Ou«l go 9.8 » 10 2B x 10
, 2 ; 98

0.0 g 9.5 x 10 2.5 x 10

1.0 g.° 5.5 x 10° 2.5 x 107

‘ 2 2

1.0 E» 2.5 x 10 1&5 x 10

2

0e5 Ze 9.5 x 10 9.0 x 10t
. 2 , g8

PES Ol g 9.5 x 10 25 2 1D
8

0.0 ge 9.5 x 10° 9.5 x 10

1.0 g.° 9.5 x 10° 7.0 x 10%

8 Dilution 9 wae the highest dilution made.
b Kgﬁ§sé autoclsved separately and added after cooling.



TABLE 29

Effeet of KoHPO, concentration on multiplication of
8s lmetls (élﬁ} and bacteriophage (F56) in baeal syne
thetie me-lum supplemented with supplement XIV®

Eéﬁ?ﬂé ¢lucose No. of haat@riaghaga' pH 'yﬁ‘of Turbidity

coONne « cone. partlicles . unine of

(£./100 {(g./100 (7 nr.) ocula~ control
mla) mle) 0 hr. 7 hr. ted {7 hr.)

‘ medium

0ud ga 0.5 go 4.5 x 107 <1 x 10° 4,90 6.65 166
0.1 Be 0.5 g 4.5 x 10° 4,5 x 10°  2.65 6.60 149
0.05 ge 0.1 ge 4.5 x 10° <1 x 10% 5.20 6,60 g8
0.01 g 0.1 g+ 4.5 % 10° <1 x 10%  5.05 6.60 85
Rone Oul g« 4.5 x 1&2 {1 x 184 | 6.40 6,55 TR
0.04 g. None® 4.5 x 10° <1 x 10* 6.30 6.60 "

& see table 1

b Lactose, 0.2 g., was substituted for glucose,



]

TABLE 30

Effect of K HPO, concentrstion on multiplicetion of S.
cremoris (ﬁ gn& bacteriophage (F63) in basal ayn%natie
maaiam supplemente’ with supplement XIV®

K§§?34 Glucose Wo. of bacteriophage pH pi of Turbidity

-

CONCe cone, - particlenm _ unin- of
(g./100 (g./100 {7 hr.) ocu~ control
- mle) ml.) 0 hr. 7 hr. lated (7 hr.)
v medium ;
Oud go 0.5 go 4.5 x 108 <1 x 10°  6.30 6.65 44
0.1 g«  0u5 ge 4.5 x 10° 4 x 101 5.75  6.60 52
0.05 g« 0.1 g« 4.5 x 10° <1 x 10%  s5.70 6.60 25
0.01 g 0.1 ge 4.5 x 10° <1 x 10%* 5,60 6.60 21
None 0.1 g. 4.5 x 10° <1 x 10% 6,50 6.58 2
0,04 g. Nome® 4,5 x 10° <1 x10%  6.10 6.60 15

2 Bee Buable 1

D ractose, 0.2 g., was substituted for glucose.



pH values were generally below pH 5.0 at 7 hours. This indicste
ed that the failure of bascteriophages to multiply in thé 8y~
 thetic medium containing only small amounts of KyHPO, was not
due to the pH of the medium,

The substitution of lactose (tables 28 and 30) for glucose
was to no svall other thsn to point out thut . leetis strain
‘712 no longer was able to ferment lactose rapidly.

| With cases in which the K HPO, content was decressed below

ﬁgl per cent (tables 29 =nd 30) a deere-ge in org nism growth
resalted, and with cases in which KgHPO, was omitted the organisms
did not develop detectable turbidity during the 7 hour experiment-
al period. Thls reduction in organism growth due to decressed
phosphate content, in conjunction with the fsect th-t very high
concentrations of bacterlophages were obtained in synthetic
medium svupplemented with Jdried skim milk snd 0.1 per cent
E HPO, (toble 28), further indicated that the fallure of bacterio-
phages to multiply, rather than being due to the presence of the
phosphate ion, was due to the sbsence of gome nutrient in the
synthetle medium. This nutrient, though present 1in dried skim
milk, wag made unavallable in = medium containing driei skim milk
by concentrations af\Kﬁﬁ?@é greater than 0.1 per cent.

Thus, with the Ko tpO, and glucose contents decressed to 0.1
per cent, other attempts were made {tzbles 31 and 32) to secure
baeteriophage proliferstion by addition of small cuantities of

€¢aCly * 2HOH and by increasing the salts already present in a
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TABLE 31

Effect of salt supplements on the multiplicatlion of S.
lactis (712) and bacteriophage (P56) in the basal

medium supplemented with supplement XIV8

TEalt K VPO, Glucose W6, of bacterio- Turbidity
supplement CONC. once _phage particles of
{g./100 ml,)(g./100 ml.)(g,?iﬁﬂ mls) control
0 hr. 7 nr. {7 hrﬁ
0&2 A 04 g 0.5 Fin 4,510 <1x10 69
Supplement '
X118 2 5
CaClo*2HOH, 0,00 ge 0.1 g 4,5x10 445%x10 82
5 mg.
Supplement
X118 2 4
CaCl_*2HOH, 0,05 g 0«1 goe  4.5x10 <1x10 83
2 5 mge.
Bupplement
Xixe
sodium sce-
tate, 0.5 g.
Supplement 2 . 4
X1is 0.05 g 0.1 Es 44 5x10 <1x10 76
Supplement
Xirie 2 4
9@@12’2&{3&, 0.05 g 0l £a 4.5x10 <$1x10 80O
10 mg.

8 cae table 1



PABLE 32

pffect of salt supplements on the multiplication of S. gre-
moris (EB) and bacteriophage (F63) in the basal meiium sup~
plemented with supplement XIVR

TTERlT KohPly slucose No. of bacterio~ 1urbidity
supplement conc, CondGs phage particles of
(g,/lma ml.)(g./lﬁ& ml,)(g,/las mla.) control
0O hl’. 7 hra {7 ht‘,)
0a01y"2H0m, .
0.2 g 0uf g« 0.5 ge 4,510 ox10t 80
5mg. 0,05 g 0.1 g 4.5x10° <1x10t 39
Supplement
X1t o 4
cagl,, *Eﬁ@g, 0.05 g 0.1 g 4.5x2107 < 1x10 25
5 WE» ‘ v
supplement
Gaclg‘ﬂﬁcﬁ, 0.05 g» Oel g 4,.5x10 <1x10 44
5 mge.
Bypplement
x11®
5 mg. 0.01 ge Ol g 44+5x10 <1x1o 8
sod ium ace-
t&tﬁ‘, 056 Ha
Supplement 2 4
X118 0,05 go 0.1 ga 4.5%10 <1x10 36
Supplement
XIiie o
¢aClpe 2HOH 0.05 g« 0.1 g«  4.5x10 < 1x10% 48
10 mge " ‘ ,

8 See tzable 1
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medium which was salsc supplemented with the complex supplement
XIV. In one medium cantaiﬁimg 5 mge. ¢2lelum chloride per 100 ml,
bacteriophage ¥56 increased slightly (taeble 31}, but this result
was not duplicated in a second trisl, The K HPO, content was
reduced to 0,08 and 0,01 per cent to no avail, There seemed to
be considersble doubt that the essentisl nutrient hed been added
and the use of more complex nutrients agein was employed.

#hile trypticnse, a pancreatic digest of ceansein, esused a
slight inerease in bsecterlophages ¥56 and F63 (table 33), dried
skim milk again wee the only supplement which produced any great
effect upon the multipliestion of becteriophage. The addition
of 1.ﬁ‘per cent dried skim wmilk ecaused normal multiplicatlion of
F56 an? V63X, Thus, it seemed necesssry to determine the constitu-
ent of 1ilk which wes necessary for bacteriophage proliferation,
Some dried skim milk wae aghed, and the ash was sdded to the
medium at the rete of the ash of 2 g. dried skim milk per 100
mls A precipitste weg formel during sutocl-ving, snd the bacterio-
phe gea éiﬁ not multiply in the medium {(table *4). However, when
a meiium contsining the ash of 2 g. drie’ skim milk per 100 ml.
wag sterilized by filtrstion, the bacteriophages multiplied, 1f

the KphPO, content wes increased from 0.1 t0 0.4 per cent, the

resulting medivm was insctive for the multipliextion of baecterio-
phages, A minersl mixture of the spproximate composition of wmilk

agh was made up, and » guantity of this mixbture aspproximately ecusl



TABLE 33

Effeet of complex supplements on multiplication of bacterio-
Kgﬁi’{}& and
econtaining only 0.05 g./100 ml, glucose

phaze on host in helf«strength bassl medium minus

Eacterio- Supplement 6. of bacteriophage
phage (/100 ml.) articles
" S hr. T He
pried skim milk, 3 g. 4.5 x 10° 4,5 x 108
Dried skim milk, 1.5 g 4.5 x 10° 2.5 x 10°
Pried skim milk, 0.75 g 4.5 x 102 4.5 x 10°
P56 Tomato juice, 40 ml. 4.5 x 104 <1 x 10%
Tomato juice, 20 ml, 4.5 x 10° <1 x 10%
Trypticase, 4 g 4.5 x 108 4,0 x 10°
Dried skim milk, 3 g 4.5 x 102 4,5 x 10°
Dried skim milk, 1.5 g 4.5 x 100 2.5 x 108
P63 Dried skim milk, 0,76 g» 4.5 x 10° 2.5 x 10°
Pomato juice, 40 ml. 4.5 x 10° <1 x 10%
Temato julce, 20 ml. 4.5 x 10° <1x 104
4.5 x 108 4,0 x 10°

Tryptiocuse, 4 g.
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TABLE 34

Effect of method of sterilization and K.HPO, content of the

supplemented® basal medium containing the ﬁgh of 2 g. dried

skim m1lk/100 ml. upon bacteriophege multiplicetion on sus=-
ceptible host cells

Bacter- Wethod K HPO, No. 6F bBag- Turbidity. ,gﬁ ,
iophage of steri- @onc, teriophage of Test Con- Unin-
lization (g./100 perticles® control trol ocu-
mzi} (6 hr.) {6 h!‘i} lated
v — . medium
Autoclaved 0.1 g. < 1xio? Precipie 5.35 - 5,95
tated
F56  Filtered 0.1 g. 4.0x107 52 B.95 5,80 6.60
Filtered 0.4 g. <1x1o% 54 6,20 6,15 =
" Autoclaved 0.1 g. <1lxio? Precipi- 5.30 == 5,95
tated
P63  Filtered 0.1 g. 2.5x10° 85 5,90 6,00 6.60
Filtered 0.4 g. <1x10% - 55 6435 6435 ==

2 yedium cantainaé only 0.1 g glucose/100 ml, aend
supplements XII> =nd XIVV.

B g0e table 1

¢ ¥umber of bacteriophepe particles ot O hr. was 4.51102
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to the ash of 2 g, dried skim milk wes substituted for the milk
ash. This mineral mixture slso csused bsecteriophage proliferation
(tables 35 and 36), snd when the synthetic medium was not supple-
mented neither P56 nor 63 multiplied,

g8ince the major mineral e@ﬁatituent of milk ssh other thsn
phosphorus and potassium is ecsleium, another attempt wes made to
cauge the maltiplication Qf the bacteriophages by adding ﬂgclﬁ*-
2HOH. This time comparatively lsrge cuantities of CaClp*2HOH were
added, and the medium was eterilized by filtration., The addition
of elther 0.2 or 0.1 per cent CaCly+2HOH resulted in rapld multi.
plication of bacteriophsges (tables 35 and 36). Autoclaving the
medium and the K HPO, aepgrataly end adding the two after cooling
gave s medium which was as setive for the produetion of bscterioe
phages as a medium sterilized by filtration. WNeither MnClo®4HOH
nor Mgs0,"7HOH duplicated the effeect of Qﬁﬁlg'nﬁﬁﬁ in promoting
bacteriophage multiplication (tables 35 and 36). A slight stimula-
tion which was much leas than that of c¢2leium chloride for bacterio-
ph:ges F56 and ¥63, resulted from the use of Mgl0,+7HOH.

It seemed that caleium was the mutrient which, when avallable
in the chemiczlly defined mediuvm, would m-ke it sufficient for
the pr@lif@rétian of those baoteriophiges which in the sbhsence
of available oalcium dld not maltiply. A guantity of the b-sal
synthetic medium containing only O.l1 per cent KpiPO, and supple-
mented with sodium acetate, Tween 80 and 0.2 per cent CaClge2HOH

was mode ups. The effect of this medium in promoting the growth
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TABLE 385

Substitution of sslts for milk ash for baate?imphaga (F63) in

basal medium containing O.1 £./100 ml, K,HPO4 and 0.1 g./100 ml.

glucose, supplemented with supplements X%E and XIV® snd steri-
1ized by filtration

a1t substitute TN&. of bDecteriophage TUrbladity
{g+/100 ml.} particles of
Ohr.T 6 Bre control
’ {5 hre)
None 4.5 % 192 <1 x 194 24
¥ineral mixtmwﬁg 4.5 x 10% Teb x lev 54
%imaral mixﬁnreb’a 4,5 » 10% 4,5 x i@g 54
Cagl,*2HOH, 0.2 g. 4.5 x 10% 2.5 x 10° 49
9
0aC1l,°2HOH, 0.1 g. 4.5 x 10° 2.5 x 10 54
Cacl,*2HoH, 0.1 g.° 4.5 x 10% 2.5 x 107 58
€aCl,*2HOH, 20 mg. 4.5 x 10% 4,5 x 107 69
Mg50,4°THOH, 0.1 g. 4,5 x 10° <1 x 10 78
CaCly*ZHOH, 20 mg. 4,5 x 10 2.5 x 10 62
MnClo* 4HOH, O.1 g. 4.5 x 10° <1 x 10% 44

& gee table 1

® Gontalned CaGly*2HOH, 66 mg.; MgS0,*7HOH, 25 mg.; FeSO,+7HOH,
1.1 mg.; WaCl, 13 Mo} zgﬁyeé, 75 mge and Nag HPOg4, 2 mg.

¢ Eantaineﬁ no KgHPO, except that in mineral mixture.

9K oHPO4autoclaves geparately end added to the mutoeclaved
mixtur@u



TABLE 36

Substitution of sslts for milk ash for becteriophape (F58) in

basal medium containing 0.1 g./100 ml. EoHPO. and 0.1 g./100

mle. glucose, supplemented with supyiamen%a Xi:® and XIVR and
sterilizes by filtration

“HSalt substituted W6, of bacteriophage Turbidity
{(2+/100 ml,) particles of
k ‘hrs & nhre, control
| Y LA
Wone 4.5 % 10 <1 x 10 47
Mineral mixture? 4,5 x 102 2.8 x 107 54
Hineral mixﬁureb’g 4.5 x 10° 1.5 x lﬂa 68
, 7
CAClp*20H, 0.2 g. 4.5 x 10° 2.5 x 10 60
CaCly*2HOH, 0.1 g+ 445 x 10° 4.5 x 107 63
CaCly*2F0H, 0.1 g.@ 4,5 x 10° 4.5 x 10° 80
Cally*2HOH, 20 mg. - 4.5 x 102 2,5 x 106 | 81
MgSO4*THOE, 0.2 g» 4.5 x 10° 7.5 x 10° 84
BgS0,*THOH, 0.1 g 4.5 % 10° 2.5 x 10° 95
ﬁgﬁﬁ)gf’?ﬁﬁﬁ, Ol g o 8
caC1," 2HOH, 20 mg. 4.5 % 10° . 2.5 x 10 80
MnCly"4HOH, 0.1 g« 4.5 x 10° <1 x 10 71

% gee tatle 1

b gontsained CaCl +»2ROH, 66 mg.; Eg&ﬁé*?ﬂﬂﬁ, 2% mge; FeB04*7HOH,
1.1 g.3; W01, %ﬁ mge; EoHPO4, 75 mgs and NagHPOy, 2 mg.

® gontained no EgHPO4 except that in mineral mixture.

a KgHPOy antoclsved separstely snd added to the autoelsvedl
- mediams
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of aix bacteriophapges which 4id not maltiply in the absence of
avallable eal@immvia gshown in teble 37, In each case the mul-
tiplic=tion of bscteriophege was as great as or groster then
would be precdicter from the development of turbidity. Thus, when
ealcium was availeble in the chemicslly defined meilum, the

close relationship between the muiﬁiplicaﬁién of orgsnism and
bacteriophage weas agaln evident,

One-tenth of 1 per aenﬁrﬂasl@'aﬁﬁﬂ seemed optimum in a syn-
thetic meiium containing 0.1 per ecent EHPO, o In cases in which
the K, HPO, content was incressed or the medium was sutoclaved
in the presence of the phosphate, the caleium seemed to be removed
from golution, possibly in the form of tri-e:leium phosphate.
when sterilization was acoomrlished by filtretion, all iﬁgradiante
were &dde” prior to filtrstion., A very slight precipitate usually
wag formec when =2 medium wes prepsred using the proportions of
Gaﬁlﬁvﬁﬁﬁﬁ andtﬁﬁg?ﬁé indiecatel ond adjustesd to pH 6.7, The
removal of thies precipitate by filtration seemed not to harm the
meivm, |

Two attempts were made to determine whether coleium was
necessary for the asdsorption of bacteriophsage to cells or for the
maltipliceation of bacteriophage after aé&orptian*’ Two ouantities
of bresl medium were prepared, one of whieh cont-ine: 0,1 per
cent CaCly*2F0H. Tne KyHPO, content was 0.1 par.eent in each
case, The media were dispense’ in cuantities of 9 ml. and plsced

in s Sﬁﬁ Cs water batn, Each tube of mediium wsas inoenlstel with

1]



TABLE 37

The effect of CaClp*2HOH, 0.2 g./100 ml., in promoting

multiplication of bacteriophages in synthetie medium contain-

ing sodium moetate, % mgi/il.n and ‘fween 80, 2 mg./ml. and
sterilized by filtration

Facterio- Ho. uf'baatariaghaga particies Turbidity

Ze loetis phage ‘

“st¥aln ~  strain 0 hr. 7 hr.B 12 nr.P 7 nr. 12 nr.
PHS P65a  4.5x10°  4,5x10°  2.5x100 9 17
3188/27 w74 2,5x10%  2,5x107  2.5x108 22 46
IP5 r68 4.5x102  z.5x107  2,5x10° 7 18
HP F59 2,0x10°  2,5x107  4,5x107 8 19
459 P52 2,6x10°5  4.5x10°  2.8x107 8 17
122-1 776 2.5x10°  4.5x20% 2.5m108 5 15

B nilution 7 was highest ¢ilution made at 7 he,

b »ilution 8 was highest dilution made at 12 hr,
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1 ml. of washed cells eontaining sbout 108 baeteria per ml.
Thirty minutes later 1 ml. of 4iluted bacteriophage filtrate,
sontaining about }65 bacteriophsge particles per ml,, was added
per tube, and the bacteriophage conecentrations were determined.
A% the indleated time intervals tubes were removed from the
water Bath, centrifuged 5 minutes at 4,000 r.n.m. to sediment
the bacteriasl éells, snd ansssyed for bacteriophage remeining

in ﬁh& supernstant, The results of these experiments are glven
in tsble 38,

The results in almost every instance were within the experi-
mental error of tre methods used, and the precision of estimation
attained in emumerating the becteriophage particles does not
Jjustify any definite conclusions. However, the decresse in
bacteriophage remeining in the supernatent where no eslelum was
present wse as great sz or grester than In ceses Wheve ¢-lcium
was present., Thls seeme’ to indicate that possibly e«lcium was
not necesssry for the adsorption of bacteriophages F58 or V&3,

Gohen and Anderson (1946), upon studying the effect of
the sdsorption of %% baecteriophege by E. coli in a ¥arburg
resplrometer, found that after 1 to I hours there was = gr-dual
deerenge in Op consumption. Twey atiributed the decresse in Op
consumption to the dying of infected cells, It has been notliced
trroughout this work thet ususlly in csses in whleh there wes

no increase in bacteriophage perticles during 2 6 or 7 hour test.
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TABLE 38

iffect of CaClgy*ZHOH upon the aﬁs@rgﬁicn of bwat@ria~
phages Wﬁ& an’d FE3

Bacter- Organ- §§§Ig* Wo. of bacteriophage particies in

iophage ism ZHOR gupernat:nt after time (min.) allowed
(strain}{strain)(g*/laﬁ for adsorption
TWl.)  TTTTTTYo %0 %5
0 7.6 x 10% 4,5 x 10¢ -- -
0.1 4.5 x 10% 2,5 x 16% .- -
¥56 72 o 4,5 x 10% 9.5 x 10° 4.5 x 10% 3.0 x 103
0.1 9.5 x 10" 2.5 x 10% 4.5 x 10* 2.5 x 10%
0 4,5 x 10% 4,5 x 10t - -
0.1 2.5 x 10% 7.5 x 10* - -
763 E8 0 2.5 x 10° 4.5 x 10* 2.5 x 10% 2.5 x 10%

0.1 1.5 x 10% 2.5 x 10% 4.5 x 10% 4.5 x 10
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period the.e wrig a degrezge, In toble # this is evident for
seversl brcteriophiges. Il bucteriophoges are adsorbed to
living cells, bacteriophege multiplication would commence when
such infecte. cells are trunsferred to litmus milk, =nd the
bacteriophages would be demonstrated. 1If bcterioph: ges are
not adsorbed to cells in the test medium, adsorption would t«ke
place in the litmus milk. However, if bucteriophages are ad-
sorbed to dead cells, multiplicetion of the adsorbed bacterio-
phs ges would not teke plsce in litmus milk, end sueh beaterio-
phages would not be demonstrated. Since it is unlikely that
bacteriophages would dle off during a € or 7 hour test perioed,
the obse ved decresses in numbers of demonstratle brocteriophiges
in this work may be consldere’l Lo have resultel from the insc-
tivity of infected cells. This could be considered additional
evidence that seversl of the bacterlophages used in this wprk
were adsorbed to cells in the ubsence of calecium, and that the
caleium wee necessary {or some other function in bacteriophage

proliferstion.

Inhibition of Lysle by Adding K HPO, to Litmus Milk

Since it waes fourd that concentrations of KgHPO, of 0.5

4
per cent or grrater inhibited baeteriophsge multiplication in
golutions of 0.5 per cent dried skim milk, possibly by making

unavailsable the enleium lon, 1t wes desirzble to know if this



phenomenon would be exhiblted as well in liauid skim milk. For
thia purpose two different experiments were run. In the first
experiment the KpHPO, in concentrations indicated was added to
and auvtoclaves with the liouid skim milk, while in the second
trisl & neutralized solution of 52§?64 was sutoclaved separately
and added to the sterile skim milk in sufficlent smounts to glve
the degired concentrations.

In all cases the litmus milk wes dispensged agepticslly in
guentities of 10 ml, into test tubes, plugges with eotton and
fncubated at 32° C. for 16 to 18 hours, at which time visual
observations were recorded. For esch tube one drop of fresh
litmus milk eulture was used as organiesm inoculum snd one drop
of filtrate diluted 13100 in sterile distilles water was used ns
bacteriophage inoculum. Although this procedure did not stand=
ardize the filtrates used as inocula for the different combinations,
the guantity of inoceculum used for esch tube of a combinetion was
standard, |

The addition of 0,5 per cent KQE?64 to skim milk prior to
autoclaeving {(tnble 38) enabled most of the organisms tested to
bring sbout coagulstion in the presence of thelr respective
baecteriophages, while 0.2 per cent K HPO, d4i4 not prevent lysis
in any cuse., ¥ith combinstions WZ-F24, FHB-F65, and HP-F59
there was evidence of Dbacteriophage activity, in that, while
coag:lation did take place, the curd was very soft. Coagulation

did not take place with the control culbures of combin:tions
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TABLE 39
inhibition of lysie by EgHPO, added Lo litmus mllk
prior %o ﬁutéelﬁvimg
Bacter~ T Goncentration of KpHPOg
S+ lactis lophage - N P Y P O EL P
stFaln ~  strain 0.4 KzMP0, | _OeER KollP0,
¥o Containing Wo
bacteriophage bacteriophage  baeteriophapge
712 ¥66 Coagulsted Coagulated Coagulated
we F24 Comgulatec  Coagulated, Coagulated
very soft curd
k8 F63  Reduced Reduced Reduce?
HB8 765  Coegulsated Coagulated, Coagulated
‘ very soft curd
318B/27 P74  Reduced Reduced Reduced
¥l P25  Coazgulated Coagulated Coagulated
P58 P68  Coagulated Coagulates Coagulated
HaPo F88  Coagulsted Coagulated Coagulated
very soft eurd
459 B2  (oagulated Coagulated Coagulated
w4 21 Comgulated Coagulated Coagulated
122-1 W16  Reduced Redueed Reduced
a

Litmus milk tubeas contalining 0.8 per cent EoHPOy and bae-
teriophage were lysecP in all cases.

b pysed indieates that there was little or not visible change
in the litmms milk.
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FB-T63, B318R/27-¥74, wnd 1228«1-F75 during the experimenteal
period, which poselibly can be explsined uwpon the brsis that
greater cuantities of lactie :c¢cid ere recuired to congulate
skim milk in the presence of K. HP0,. Upon the addition of
4g@§y§4 to skim milk after sutoclaving (table 40}, there was a
marked difference in the setivity of different strains of
bagteriophage. The addition of 1 per cent Kgﬁ?64 was negessary
to prevent bucteriophage action, and even this suantity pre-
vented the action of only two bggta?iaphagea; F56 and F2b.
Whether these differences in the effect of K HPO, in prevent-
ing lysles by different sirains of bacteriophage were due to
differences in the smounts of ¢elelum re ulred by these
bseteriophages or to some other rexson is not clear. As was
the case in a synthetic medium, the :bility of ﬁﬁﬁ?ﬁé to prevent
lysiﬁ; possibly by meking esleclum unavallsble for use by the
baeteriophage, seemed much more effective when the K%HPQ4 was

added prior to sutoclaving.



25 I

TAELE 40
Innhibition of lysis by K PO, addel to lltmas milk sfter
aut@@iﬂwiag
Tocter- Fanaan%rﬁtiaﬁ ﬁf Kfﬁya4
8. lactis lophage o o
TeatTsin  strain o $O4 V *
No Containing ¥o éantaining
beeterio-  beeterio- beeterio- boeterioc-
phage phage phage phage
712 P56 Coagulate: Coagulated Coagulated Lysed®
%z 724 Coagulated Lysed Coaguled Lysed
E8 P63 Reduced Reduced Feduced Reduced
FHE PE5 Cosgulated Lysed Coagulated TLysed
3188/27 F74 Reduced Reduced Reduced Lyse:
K1 FE5 Coagulated Coagulated Coagulsted Lysed
ir5 FE8 Coapuleted Lysed Cosguleted Lysed
HePs ¥58 (Coagulated Lysed Coagulated Lysed
459 F52 (oagulsted Lysed Coagnulated Lysed
w4 FE1l Coagulated Cosgulated, Comgulsted Coagulasted,
vary soft very soft
eurd eurd
122-1 7€ Reduced Reduced Reduced Reduced
H-1,2 P¥2 Reduced Reduce! Reduced Reduced
ML1 ¥89 Coagulated Aeld, coagu~ Cosgulated Lysed
lated in
bottom of
tube
586 ¥54 Coeagul.ted Lysed Coaguls taé Lyaed

® Infiestes thet there was little or no visible ehange in
the litmus milk.

Hote:x

In & control experiment using litmus milk with no K, HPO
added, all tubes cont-ining no becteriophege were coagu lated
and all tubes containing bsoteriophage were lysed.
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DISCUSEION

The reauirement of astrains of the lsetic group of strep-
tocoecl for sodium scetnte and a source of oleic cid apparente
ly is much more general among the strzins of bacterlia in the

Streptococcus lactls group than has been reportesd for other

lactle acid beeteria. Wo strain of 5. eremoris tested wes able
to develop turbidity in the completely synthetic meiium in the

abgence of both sodium acetate and Tween BO unless a complex

natrient wag includes in the medium, Tween 80 alone wag found
to permit growth of only one of 22 cultures tested, and,
although sodium scetate gave better results thsn Tween 80 alone,
both of trese nutrients seemed necessary for the rapid develop-
ment of turbidity within 24 hours by most cultures, Although
Tween 80 could not be substituted for sodium acetate, the
stimulation provided by its addition to the medium seems to
sgree with the report (Guirard, Snell, o2nd Williems, 1946) of

a nutritional relationship between scetste snd the synthesis

of cell lipoldal materlals in bacteris. Sodium acetate seems
either to perform an additional function in the metabolism of
these orgsnismse or 1t is trensfermed by the organism into

some substance which is essentisl for growth, The substitution

of wervy small cusntities of the liver extract, reticulogen,

for sodium acebtate and Tween BO may indicste the addition of
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s growth factor or [sectors which may serve in the formstion of
acetate or in a metabolic scheme in which some substonce forme: from
acetste also is active, Baumann snd Sauberlich (1948), upon

finding that small quantities of reticulogen promoted growth of

Leuconostoe citrovorum 8081 in a synthetic medium, attributed

1ts grovth promoting ocuality to vitamin Byp which was not avail-
able st the time of their work. Vitamin 312 was uged in an effort
to promote the growth éf 12 strains of E. cremoris in this work
and found ineffective in all cases.

The species "cremoris® is often considerei to be z select
group containing the more fastidlous stralns of the species
"lactis”. That the 29 most reecently isolate’ org nisms used in
this study classifled ss 2. lactis, while those cultures wﬁich have
been carried on litmas milk for many years sll classified as S.
eremoris, is presumpiive evidence that pure cultures of 5. lactls
orgenisms mey become more fustidious upon being earrie: for a
long perlod of time in heated milk and finally sre claes:ified as
8+ cremoris, Only @ of 31 strains of 5. lactis testes reruired
sodium acetate and Tween BO, while all 22 strains of . gremoris
required this supplement. This indicates the more fastidious
nature of $. eremoris organisms in this one recuirement,

The growth of strains of the lactic group of streptococel
on chemically defined medls seems to present 2 nutritionsl

gradation resching from those organlisms such as strains WEZ, 565

and 71: which developed turbidity very rapidly on the unsupple~

mentes mesium of Niven (1944) to strain H 1-2 which developed
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turbldity very slowly ig a medium supplemented with a long list
of nutrients. All cultures that recuired sédium scetate and
Tween 80 for growth developed turbidity rather slowly during
the first 7 hours. When the defined medium was supplementad
with such complex mixtures as tomato juice, ¢asein hydrolysate,
dried skim milk or yeast extract for S. gremoris strain EB,:
there was considerable stimulation of growth during the first
seven hours, which seemed to indicate these complex mixtures
contain cthef nutrients necessary for the rapid initiation of
grow th,

with two bacteriophage~organism combinations, 565~F54 and
We-F24, the bacteriéphagws were found to multiply in the presence
of host cells growing in the chemically defined basal melium;
however, no bacteriophage mﬁlhiplicatiéﬂ in the basal medium
supplemented with sodium acetate and Tween 80 was evident with ten
other combinations, While mass lyels occurred in milk, this wss
not alweys the case in the basal medium with bacteriophages Fb4
or ¥24. Although a clear and foamy culﬁure at 6 or 7 hours always
was indigative of high numbers of bacteriophage, in many csses in
which thesefeharaatafistiaa were not present, the numbers of
bacteriophage were the same:a$ those of the eclear and fosmy
cultures. Clearing of a medium caused by the action of bacterio-
phage, appears to be the result of the associsted s~etion of
geveral factors whiech may or may not dllow the beocteriophages to

reach a sufficlent concentration to cause mass lysis prior to
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the time when the bueterisl cells become temporsrily resistant

to bacteriophige sction. The rate of bacteriophsge multiplication
sppears to be determined to a great extent by the rate of c¢ell
mualtiplie=tion, Paetors which allow the orgsnism opportunity

t0 become temporarily resistant possibly include glight physiesl
end physico-chemiesl changes and changes in the physlologlesal
state of host and bacteriophage which favor bscterial multiplica-
tion to s greater extont than bucteriophsge multiplic-tion. The
temporary resistent state of bacterial cells may result from
changes in the pH of the medium and other chenges due to bacterial
growth such sg the production of metabolic bv-product(s) inhibi-
tory to bacteriophege action.

The studles of omission of nutrients from the synthetice

emphagize the close relitionship between the proliferstion of
bacteriophages and susceptible host cells. All efforts to obtain
bacterial growth without bucteriorhage proliferastion falled.
When a method for detecting smaller differences in concentrations
of bzeteriophapges active against strains of the 1 ctie group
of streptococci is svallable, a similar study may reveal slight
variations from this close relationship. However, such varlatlons
would seem to be of 1little velue to the dalry indiatry.

when eslcium was not includes in the medium, the usual re-
lationehip between bueteriophage multiplicsztion and organism

multiplicetion seeme’ to be completely altered for all bucterio-

phﬁgeuorganism combinations used except 565-F5H4 and W2-F24,
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¥hile the additicon ¢f asvallable aﬂléium 41d not detectably
affeet the prowth of these organiasms, 1t aseemed to play a very
important role in the prdiferation of the homologous b eterlo-
phages. In cases in which ¢alecium wee not avell-ble In the
synthetic medium, the bacteriophsges Jdid not multiplys in the
pregsence of cslelium, bucteriophage multiplieation occurred and
the close relationship between multiplication of orgenism and
‘bucteriophage proliferation sgsin was spparent,

That ¢sleiuvm is necessary for the multiplicstion of many
ﬁﬁct@riaphmg@s in 2 chemieally defined medium may be of great
slgnifiesnce to hﬁ@ dsiry industry. The prevention of lysis of
beeteria growing in milk reguires the addition of rather large
cuantities of KggFﬁé which mey result in heat comgulation;
therefovre, thls practice does not seem feapible. Howewve:, it
would seem that by using chemie:lly defined nutrients cont ining
no ¢aleium or by ueing complex nutrients low in caleium content
end supplemented with KQH?QQ, 2 medium may be designed for the
carrying of many strains of the lsctic group of streptococei with
little or no denger of bacteriophage action. Where the purpose
of carrying such cultures is that they might eventuslly be used
in milk or milk products, lacbtose would be used ag a source of
carbohydrste to prevent a loss of ability to ¢oagul-te milk

rapidly.
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SUMMARY AND CONQLUEIONB

A chemiecnlly defined medium made by adding sodium scetate
and Twean 80 (2 source of oleliec acid) to the medium of Niven
{1944) permitted the growth of all strainsg of the lactie group
of streptoeccci which 414 not grow on the unsupplemented medium.
The addition of sodium acetate and Tween BO was necessary for
the growth of 22 str:ins of 3, eremoris and 9 of 31 strains of

&. lactis. Reticulogen, a commercial liver extr ct, could be

subsgtituted in somewhat smaller ~uantitles for sodium acetate
and Tween 80 and also permitted rapid growth of one strain of
Se cremorig which did not show detectsble growth until after
24 hours in the medium supplemented with sodium acetate and
Tween 80.

Using emmonia formation from arginine und growth at 40° C,
as the buasis for separstion, 21l strains of the lactie group
which had been in the laboratory for considerable time were
found to be H. cremoris, while all recently isolate’ strains
were found to be £. lactis.

with two S. lactis-bacteriophege combinations, multiplica-
tion of bacterioph: ges snd organisms were affected similarly by
the omission of Indlividual components from the unsupplemented
synthetic medium of Wiven (1944). Bacteriophage multiplicetion

seoms to be closely assoeiated with orgsnism multiplic-tion for

these two combinations.
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When calcium was available in the medium, eight b-cterio-
phage strains tested were found to multiply on their suscep=
tible host cells in & completely synthetic medium which did not
permlt these bscteriophage strains to proliferste without the
addition of CaCl,*2H0H. When eslcium was avallable in the
- medium and these buacteriophsges multiplied, the close rela-
tionship between bacteriophage multiplication and organism
- multiplicet ion seeme? evident for these str:iins also., Caleium
was rendered unavailable In a2 meilum containing 0.1 per cent
Cally*2HOH by elther autoclaving the entire medium or by in-

ereasing the K, HPO, content sbove 0.1 per cent.

4
A close relationship seems to exist between the nutrition
or organisme of the S. lactis group and multiplication of thelr
Rh@molagnus hﬁét@tiopﬁagss. Heowever, culcium, while of no
detectable importance to orgenlism growth, seems to be reocuired

for the multipliestion of many baeteriophages.
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