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Introduction

The experiments hereinafter described were
undertaken with the view of learning certain facts
concerning the availability of various types of
mediums for the production of bacteriophage.

The phenomenon of bacteriophaegy was first
described by d'Herelle (8) in 1917, His 1nvestiga;
tions on the subject continued over a period of
years and brought him to the conclusion that the
bacteriophage was a living prineciple, particulate
in nature., This autonomous virus theory is sup-
ported by much evidence but today hes few adher-
ents. A considereble number of hypotheses on the
nature of bacteriophage have been advanced from

various sources,

-1-

Kabeshima (1ll) suggests that a catalytioc agent,

arising in the tissues of an infected animal, acti-
vates a proferment contained within the bacterial
bodies; the activated ferment lyses the bacterium

from which it arises, is then liberated and passed

on to other bacteria to liberate the proferment which

'they contain,



Bordet and Ciuca (3) believe that a nutritional
disorder of bacteria brings ebout autolysis and the
liberation of en agent capable of transmitting the af-
fection to other bacteria.

Bail (2) says that the bacteriophagous agent,
(splitter) arises from the bacteria themselves,

Hadley (7) suggests that phage is a filterable
state in the cyclogeny of organisms,

These theories vary widely one from the other
and so far none seems to be backed by eonclusive proof.
The net result of these conflioting findings, inter-
pretations, and views is that knowledge of the nature
of beacteriophagy is in a somewhat confused state, It
is not possible at the present time to make a final
decision concerning the nature and source of the bact-
eriophagous agente.

In spite of these uncertainties, a great deal of
progress has been made in the application of bacterio-
phaege to various bacteriological and clinigcal problems,
among which its use in the field of clinical medicine
has received marked attention and has resulted in a
literature of literally thousands of articles from

which one can only conclude that the possibilities of



its use in the field of clinicel medicine ere limit-
less, With the development of bacteriophage for clin-
ical use there has arisen a necessity for a clear under=-
stending of the mechanism of its action both in the
body and in the test tube in order that the principle
may be suitably administeréd and that it may be pre-
pared in its most potent nd readily available form.
Neither problem has been solved, but it has been recog-
nized for a long time that the mgdium exercises a pro-
found influence upon the development of a bacterio-
phage. An analysis has shown that of the various con-
stituents of the medium, peptones are probably the

most significent. This is of interest not only be-
cauge of the influence of peptone upon the produstion
of the principle, but also because when bacteriophage
is applied through inoculations as a therapeuties agent,
the presence of peptone is undesirable in general,
Henoe, various investigators have attempted to pre-
duce bacteriophage in the absence of peptone, es-
pecielly when the product was to be administered intra-
veneously, It has been observed by Larkum and others

(personal communication), that a bacteriophage of weak



potency only resulted from the use of mediums poor

in peptone, and most workers in this field have

failed to achieve the results reported by MacNeal(loc.cit.)
and Applebaum through the use of a snythetic medium
containing no peptone,

Although the general observation hed been made
thet peptones influence the development of bacterio-
phege probebly because of their influence on the rate
of growth of bacteria whioch has a direct relation to
the development of bacteriophage, no attempts have
been made to quantitatively determine Just what con-
centration of peptone represents the optimum in a
given medium. It was in order to shed some 1ight on
this question that the first group of experiments to
be reported in this paper was undertaken,

A chanse observation on the development of a
growth stimulating substanee for bacteria by Hughes
(9) suggested the possibility that the obJectionable
peptone might be avoided through the incorporation
in a synthetic medium of this growth stimulating sub-
stance which would have the further advantege of re-

ducing the total nitrogen content of the medium with-
out inhibiting the effective growth of bacteria. These
experiments constitute the second portion of this study,



PART I, Work with Various Peptones

Section A, The Effect of Peptone on the Rate
and Degree of Lysis.

General Procedure:

The genereal procedure for the following experi-
menta consisted in the preparation of mediums contain-
ing variable concentrations of the selected peptones
and meking a study of the rate of lysis of Stephylo-
coccus aureus after the seeding of the staphylococcus
cultures with a constant amount of stephylococcus
becteriophage. In all cases the medium was aerated
to expedite growth and bacterial dissolution. The
rate of lysis was determined by a comparison of the
turbidity of these broth cultures at stated intervals
with a set of turbidity stendards containing known
numbers of bacteria. In this manner it was possible
to get a fairly acocurate measure of both the rate of
growth and the rate of lysis of the organisms, The
medium used was a beef extract broth with the follow=-
ing formula in which, obviously, the concentration of

peptone varied:

Dist. water 1000 g.
Beef extract (Bacto) 3 g.
Peptone

NaCl 5 g.
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The standerd turbidity suspensions were prepared
for each experiment by adding greduated amounts of
cul ture suspension to broth mediums containing peptone
in the amount used in the experiments and formalin suf-
ficient to prevent multiplication of the bacteria. The
epproximate number of bacteria added to each tube was
determined by previous centrifugation of a portion of
the suspension in a calibrated centrifuge tube. The
details of this method are described by Kreuger. (13)
After incubation of the flasks for 24 hours at room
temperature, their contents was passed through 8 om.
Seitz filters and the filtrates titrated in order to
determine the quantity of the phage produced in these
various concentrations of peptone. Titrations were
performed according to the method first described by
Applemans (1) which consists of serial dilutions of
bacteriophage prepared by the addition of .lcc of
filtrate to 9.9 cc of broth and the transference of
elcs of this mixture to a second tube containing 9,9 co
of broth. This causes an initial dilution of 10~2 of
bacteriophage and increasing ailutions of 10'4, 10~%ta.
Culture suspension is added to each tube and the degree
of lysis read after 24 and 48 hours incubation at room

temperature.



Experiment 1.

Three peptones were used in the first experiment
two of which were products of the Difco Labofatories,
Bacto-Peptone and Bacto Proteose Peptone, the other
was the well known Witte's Peptone, Published analyses
(6) (14) of these peptones reveala the fact that they
are distinguished by the variation in non-protein
nitrogen with lesser variation in other nitrogen com-

pounds. The total nitrogen does not vary so markedly.

Bacto-Peptone:
Total § - about 14.0%
Non-protein ¥ " 13.0%
Polypeptia N * 8%
Van Slyke Amino N " 8.2%
Free Ammonia almost negligible

Proteose-Peptone:

Total N 12.5%
Non-protein N 6.9%
Protein N, 5¢5%
Polypeptida N 2.3%
Van Slyke Amino N. 4.8%
Free Ammonia almost negligible

Witte's Peptone:

Total N 15,0%
Non-protein N 6+.0%
Protein N, 8.0%
Polypeptid N. 2.5%
Ven Slyke Amino N, 8,0%

Free Ammonia almost negligible



Turbidity stendards were prepared for each con-
centration of peptone to be used, containing the fol-

lowing approximate numberas of bacteria per ce:

l, HNone
2. 1073 x 104
3. 2146 x 104
4, 4292 x 104
5. 8584 x 104
6. 1073

7. 2146
8. 4292
9, 7438
10. 85684

HMHMHHEHMEHHN
(-
o
()

12 flasks were prepared containing:

100.00 coc Peptone broth medium, pH 7.6. 4 flasks
each of Bacto, proteose, and Witte's
peptone with concentrations of .5%, 1.0%,
2.0%, md 3.5%.

1,00 ce¢ Staphylococcus phage in each flask

«50 co Culture suspension made by washing a 24
hour Steph. aureus culture (Lab. N0,1771)
grown in a Blake bottle (beef infusion
agar) with 20 cc of saline in each bottle.

The flasks were aerated by suction in order to keep the
liquid agitated. At irregular intervals about 2cc of
the content of each flask was removed and the turbidity
determined by ecomparison with the standards,

In Teble I is found an analysis of the results of
experiment 1.

In Table II is found a graphies representation of
the results of this first experiment. In this graph
the log. of the concentration of baoteria per co forms
the ordinate and the time in hours the abscissa.



Table I.

Loga. of Maximum Basterial Growth

0.5% 1.0% 2.0% 3.5%
Baoto 7.93369 7.63266 7.93369 7.93369
Proteose 7.93369 8.33161 8.33161 8.33161
Witte 7.93369 7.33161 7.93369 8.63266

Time Required for Maximum Growth of Bacteria

Bacto 4 hrs, 4 hrs. 5 hrs. 5.5 hrs.
Proteose 5 5 5 5.5
Witte 5 5.5 8 8.0

Time Required for First Appearance of Lysis
Bacto 50 hrs. 5. hrs. 5.5 hrs. 6. hrs.
Proteose 5.5 5.5 56D 6.
Witte 5.5 6.0 none in 6.

8 hrs

Time Required for Maximum Lysis
Bacto 5.5 hrs. 5.75 hrs. 6.0 hrs. 7.0 hrs.
Proteose 6.5 6.5 7.5 6.0
ﬂitte' 6075 6025 none 1n 600

8 hrs.

Lysates from the preceding were filtered at 24 hrs. and
filtrates titrated.

Titration Readings at 48 hrs.

1072 104 10-® 10°8 10-10 10-12

* Bacto 5% 1440 444 4444 - - -
Proteose 5% ++4+4 +444 444+ 444e - -
Witte 5% T TY B e - -
Baocto 1% 44t 444 4444 - - -
Proteose 1 +444 44 St et - -
Witte 1 +4ed 4444 444 - - -
Bacto 2% T T Y N L L L -
Proteoge 25 4444+ 4144 4444 444 - -
Witte 2% 444+ - - - - -
Baocto B.5% 4444 4444 444t et d 4444 -
Proteoge 3.5% ++++ +44+ 4449+ - - -

Witte 3.5% 4+t tete - - - -
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Table II
numbers of bacteria present per coc.

Ordinate = Logs. of approx.
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Table I reveals the fact that lysis was first ob-
gervable after five hours in the flasks containing the
Bacto peptone in the lowest concentrations. The Witte's
peptone was distinetly inhibitory to the early appearance
of lysis. The completion of lysis also occurred more
repidly when the Bacto peptone was used.A If these were
the only factors to be considered, one would conclude
from this single experiment that low percentages of Bacto
peptone were most suitable for the produstion of bacterio-
phege. It should, however, be born in mind that there
exigts a relationship between the quantity of bacterio-
phage produced and the rate and degree of growth of
bacteria, and for the clinicel use of bacteriophage it
is necessary that meximum bacterial growth occur before
lysis sets in. Referring to Table II it will be seem
that Proteose peptone in 2.0 and 3.5% concentrations
gave the greatest bacterial growth, but this was not
accompaenied by complete lysis within 7 hours. Refer-
ring egain to Table I it is obvious that slighfly less
bacteriophage was produced in these concentrations of
proteose peptone. It would appear then that further
experiments were necessary in order to arrive at any

conclusions regarding the effeocts of these peptore s.
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Experiment 2:

This experiment is essentially a repetition
of experiment 1 with the exceptions that Parke Davis
peptone with a total mitrogen content of about 14 %
was substituted for the Witte's peptone and the
concentrations of peptones changed to .1%, 1.0%,
5.0% and 10.0%.

Turbidity standards were prepared for each con-
centration as before,

The results are tabulated in Taebles III and I¥,
and are comparable to Tables I end II with respect

to the information given.



Table III.

Logs. of Maximum Bacterial Growth

0.1% 1.0% 5.0% 10.0%
Bacto 8,52956 8,30771 813162 7.83059

Proteose 7.83059 8.52956 8.52956 8.83059*
Parke Davis 8.30771 8.30771 8.13162 8.30771%

Time Required for Maximum Growth of Bacteria

Bacto 4,0 hrs, 4.0 hrs. 4,0 hrs. 1.0 hrs.
Proteosge 2.0 3D 360 5.5

Parke Davis 4.0 4,0 4,5 7.25

Time Required for First Appearance of Lysis

Baoto 4.75 hrse 4.5 hrs. 6.0 hrs. 6025 hrs.
Proteose 6.0 5,5 6.5 5.25
Parke Davis 5.0 4,5 6.0 5.75

Time Required for Maximum Lysis

Baoto 600 hrS. 5.5 hrB. 7175 hrs. 70"5 hrs.
Proteose 6.25 6.25 6.5 6.75
Parke Davis 6.0 6.0 7.75 6.25

Lysates from preceding were filtered at 24 hrs. and
filtrate titrated.

Titration Readings at 48 Hrs.

1072 107* 107% 107 10710 10712
BaGto 1% 444+ 4444 444+ 444t 444t we
Proteose 1% ++44 4444 4444 4444 4444 44+
PkoDavig (1% ++++ 4444 444+ +44d 444t 4

Bacto l.%h #4444+ 4444 4444 444t o

Proteose l.5% ++++ ++44+ - - - -
PK,DAVI8 1.5 ++44 4444 4444 4444 4444 4444

Bacto 5.5  t+4+ 4444 444t 44e 44 -
Proteose 5.% ++++ 4444+ 444+ 4444 4444 o
PE.Davis 5.% +44+ +443%  +444 4444 44t ¢

Bacto 10% 4444  +444 4444 444 +444 @
Proteoge 10% +4+4+ 4444 4444 4444 4444 4444
Pk.Davis 10% ++++ 4444 4444 4444 +44 -

*A secondary growth ocourred, more
profuse than the first.

13
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Table IV,
Ordinate = Logs. of approx, numbers of bacteria present per cc.
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A8 in the preceding experiment, the first
appearance of lysis occurred with the 1% Bacto peptone
although the Parke Davis peptone gave a similar result,
Completion of lysis was also first manifest in the 1.0%
Bacto peptone broth. Meximum growth again was present
with the Proteose peptone although the differences were
slight in all ceses. The amount of bacteriophage pro-

duced was comparable throughout the series.

Experiment 3.

In experiment 3 the same peptones were used and
an attempt made to narrow the renge of percentages,
and also to determine the effects of complete absence
of peptone. The results are tabulated in Tables V and.
VI,
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A Table V.

Logs. of Maximum Bacterial Growth

No peptone 5% 2.5%
7.83069
Bacto (7. ) 7.83059 7.52956
Proteose 7.83059 7.83059
Parke Davis 8.13162 8.13162

Time Required for Maximum Growth of Baoteria

(4. hrs)
Bacto 4.0 hrs, 4.5 hrs.
Proteose 5.0 4,0
Parke Davis 4,5 4.0

Time Required for First Appearance of Lysis

(5 hrs.)
Baoto 5.0 hl's. 5075 hrs.
Proteosge 5.25 5.5
Parke Davis 5.0 5.0

Time Required for Maximum Lysia

(5.25 hrs.)
Bacto 5.25 hrs. 6.0 hrs.
Proteose 5.5 7.5
Parke Davig 5.5 6.0

The lysates from the preceding were filtered at 24 hrs.
and the filtrates titrated.

PkeDavig 2.5% ++++ 444+ 4444 4444 +4

Titration Readings at 48 hrs,

10°% 107% 1076 1078 10-10 j0-12

No peptone + + +4 +444 4444
Bacto 5% LE T B Y EE L 2T JEEPY Y'Y S OO
Proteose.5% L R Y R R T T T I T SO
Pk.Davis.5% R R L IR T 2 2T IR T TY T ere
Bacto 2¢5% 4444 4444 4444 444e - -
Proteose 2.5% 4+ R -



17

Table VI
MICHIGAN STATE COLLEGE
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In Table VI we again find that the first ap-
pearance of lysis and the shortest time required for
complete lysis occurred with the least concentration
of peptone, and that there is little difference with
regpect to the different peptones used when low con-
centrations are employed. Titrations again reveal
that there is relatively little difference in the
amount of bacteriophage produced under these condi-
tions. In this instance the Parke Davis peptone gave

a s8lightly greater conocentration of bacteriophage.

Experiment 4,

Experiment 4 i3 in the nature of a check on
previous experiments. The procedure was identical,
The results are shown in Tables VII and VIII,

In Table VII we again find that the first appearance
of lysis ococurs in the flasks containing the least amounts
of peptone. In the complete absence of peptone eight
hours were required for complete lysis as compared to
seven hours with the 1.0 and 2.0% peptone broths, The
titrations show relatively little difference in the
quantity of bacteriophage produced.



Table VII. 19
Logs. of Maximum Bacterial Growth

No Peptone 1% 2% 5%
(7.62325)
Baoto 7.40140 7.22531 7.62325
Proteose 7.40140 7,92428 7.92428
Park Davis 7.40140 7.62325 7.62325

Time Required for Maeximum Growth of Bacteria

(4. hrs.)
Baoto 5.0 hrs. 4.0 hrs. 5 hrs.
Proteose 5.9 5.0 5
Park Davig 4,0 5.0 5
Time Required for First Appearance of Lysis

(6 hrs.)
Bacto 5¢5 hrs. 5.0 hrs. 6 hrse.
Proteose 6.0 6.5 8
Park Davis 5 5.5 6

Time Required for Maximum Lysis

(8 nrs.)
Bacto 700 hrS. 7.0 hrs. 705 hrs.
Proteose 75 7.5 8.0
Park DaViB 705 8.0 800

The lysates from the preceding were filtered at 24 hrs.
and the filtrates titrated.

Titretion Readings at 48 hrs,
1072 104 106 10-8 10-10 19-12

No peptone THEE dddd +44 e e -

Bacto 1% +4e - - - - -
Proteose 1% Y R SN - -
Pk, Davial® +H44 444 S84 444 " -
Bacto 2% +H4d bt A 4ee - -
Proteose 2% AR2 L BT T T LA T T T T -
Pk.Davis 2% +44 H4ds @ + - -
Bacto 5% +1e  tads - +ee - -
Proteose 5% +444 B4 4444 429 - -

Pk.Davig 5% +44 4t 444 44 - -
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Table VIII.
MICHIGAN STATE COLLEGE
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Summarizing the results obtained in the preced-
ing four experiments, it is obvious that there is con-
siderable variation even when a single experiment is
repeated. Thus in the absence of peptone we found in
experiment 3 that complete lysis occurred in five and
a quarter hours,whereas in experiment 4 under simil-
ar conditions eight hours were required. Nevertheless,
within rather wide limits the results with the differ-
ent peptones in any one experiment are roughly compar-
able. There is no question but that high concentra-
tions of peptone retard the progress of lysis under the
influensce of bacteriophage. This apparently is a re-
sult of a slower growth of bacteria, maximum concen-
trations of bacteria in all cases reaching an apparent
critical point numerically before lysis occurred. Our
experiments shed no light on the gquality of phage pro-
duced through the use of different peptones. The quan-
tity was fairly uniform regardless of the type or con-
centration of peptone used. It would appear then that
one {8 Justified in using any peptone available in the
preparation of bacteriophage, and if,as in the case when

the product is to be used for clinicel purposes,peptone

1s undesirable, it may be omitted altogether.,
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But the problem of preparation of bacteriophage
involves more than the quantity produced. In order
t0 carry on successfully the propegation of this
principle the gquality must be taken into considera-
tion, and the particular quality enabling the principle
to maintain its virulence throughout a number of ser-
ial passeges 1s highly important. If peptones exert
no marked influence on the quantity of bacteriophage
produced, it remains to be determined to what extemnt
they influence the quality of the product. In Section

B are found experiments bearing upon this question.
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Seotion B, Effect of Peptone on Serial Trensmission
of Bacteriophage.

General Procedurs:

The experiments reported here followed a mat-
erially different method than the preceding. Tubes
were prepared containing 10 co of medium. In one set
was beef extract broth containing no peptone, and in
the others Bacto, Proteose, and Parke Davis peptones
in concentrations ranging from .1% to 10%. (Specifiec
oconcentrations are listed on record of each experi-
ment.) To each of these were added 2 drops of culture
suspension obtained by washing one beef extract agar
slant bearing a 24 hour growth of organiéms desired,
with 10 6o of saline; also .5cc of phage. After 48
hours the lysates were filtered through 3cm.Seitz
filters and .5cc of the filtrate added to a new tube
containing the same peptone coheentration, and the
geries gcontinued. These dilutions were carried through
a8 many contacts as results dictated. The incubation
was at room temperature. In all cases the degree of
lysis was checked by comparison with controls contain-
ing the same amount of culture suspension, but contain-
ing no bacteriophage.

A record of the results of individual experiments

appears on the following pages.
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Experiment 1.

In experiment 1, Staphylococous aureus, culture
# 1771 which was shown to be susceptible to the
Staphylocosccus phage was employed. Broth was used
containing Bacto, Proteose, and Parke Davis peptone
in concentrations of 0.1, 1.0, 5.0 and 10.0%. The
results are found in Table IX. After the seventh
contact had occurred, a portion of the filtrate
was titrated in order to determine the quantity of
bacteriophage produced.

Even a cursory examination of this table indi-
cates that the quality of the bacteriophage was al-
tered in the low concentrations of peptone to such
an extent that it failed to propagate itself success-
fully after a few cohtacts. Differences resulting

from the brand of peptone used were insignificant.
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Experiment 2.

In order to provide a basis for a little
more generalization, an entirely different
bacteriophage (Colon bacillus) and its sus-
ceptible organism were employed in a procedure
the same as with Experiment 1. Table X shows
that the results here are likewise clear cut
in that they indicate that the low percentages
of peptone are less gatisfactory for the serial
transmission of bacteriophage. No further dis-
oussion of these results is indicated at this

time.

a7
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PART II. Work with Synthetic Medium

Section A. Rate and Degree of Lysis in synthetic
medium,.

In as much &8s high concentrations of peptone
seemed desirable for the propagation of bacterio-
phage, and since they are undesirable in a product
to be used for clinical application, it would be of
material assistance to find some substitute for the
peptone which might enable one to carry on the prop-
egation of phage in mediums of low nitrogen content.
A recent publication by Hughes (9) concerning a
growth stimulating substence found in meat extract
suggested a solution to the problem. It was con-
sidered that the addition of this growth stimulat-
ing substance to a synthetic medium might provide
the elements necessary for the development of an
active bacteriophage capable of successful propaga=-
tion,

Several investigators have reported the use of
synthetic mediums for the preparation of bacterio~
phage for therapeutic use. Caldwell (5) found that

a medium described by Ayers gave satisfactory results

with the Colon bacillus, but that Uschinsky's medium
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was not satisfactory. MacNeal prepared a synthetie
medium which he found suitable,

In view of these results it seemed advisable to
select one which gave the best growth of the organ-
ism to be used in the following experimenté. Accord-
ingly, four mediums, Uschinsky's glycerol ammonium °
lactate solution, Uschinsky's asparagin salt solu-
tion, Jordan's snythetic medium, MacNeal's medium,
(10) (15), and after inoculation with Stephylococous
and with Colon bacillus; Uschinsky's Asparagin Salt
golution was selected. This medium has the follow-

ing formula:

Dist. water 1000 cec
Asparagin Je4 g
NaCl 5.0 g
CaCl 1l g
§P 1.0 g
04 Trace

The growth stimulating substance was contained
in the acetone soluble portion of beef extract,

which was gdded to the synthetie medium,

Kjehldal nitrogen determination showed:

Uschinsky's asparagin salt solution plus activator
conteingececes..84.50 mgs. N per 100 cc.

Beef extract broth (used as control).....zle 16
mgs., N per 100 cc.
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Section A. Rate and Degree of Lysis in
Synthetic Medium containing growth
stimulating substance.

Experiment 1,

The experimental methods employed were identi-
cal with those described under Section A of Part I;
that 13, noting the progress of lysis in mechanical-
ly agitated media, upon introduction of phage and

sugceptible culture.

Culture: Staph. saureus # 1963
Phage: #017873A Staphylococcus
Mediums: DBeef Extract broth
Uschinsky's asparagin Selt sol. plus
growth stimuleting substance.

Turbidity standards were prepared as usual.

The results appear in Tables XI and XII.
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Table XI.

Logs. of Maximum Bacterial Growth

Beef Extract Broth Synthetic Mediyn*

7.50772 7.50772

Time Required for Maximum Growth of Bacteria
1.5 hrs. 3.0 hrs,
Time Required for First Appearance of Lysis

7.25 hrs. None at 10.5 hrs.
Complete at 24 hrs.

Time Required for Maximum Lysis
8.0 hrs. 10,5 - 24 hrs,

The lysates from the preceding were filtered at 24
hours and the filtrates titrated.

Titration Readings at 48 hrs.

- - -6 -7 -8 | -9 =11
10 2 10 4 10 10 10 10 10
Beef Ext.Broth ++++ 4444 4444 = - - -
Synthetic Media ++++ +++4  +44+ +4 - - -

* The term synthetic mediumrefers to
Uschinsky's asparagin salt solution
conteining a congtant amount of
activator.throughout the remainder
of experiments.
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Table XI shows that the progress of lysis
was slow in both mediums. However, the quantity
of bacteriophage produced was esentially the same

a8 is shown by the titretion results.

Experiment 2.

Experiment two is a repetition of experiment
1l with the exception of the fact that two dif-
ferent cultures of Staphylococcus were applied.
Results are shown in Tables XIII and XIV,

It is quite obvious in this case that the
beef extract broth permitted more repid lysis
and that little difference resulted in respeotA
to the organiam employed. The titrations were

essentially identical.
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Table XIII.

Logs. of Maximum Bacterial Growth

Beef Ext.Broth Synthetic Medium

Staph. aureus #1963 7.50772 7.50772

Steph. aureug # 1961 7.50772 7.50772
Time Required for Maximum Growth of Bacteria

Steph. aureus #1963 5.5 hrs. 5.5 hrs.

Staph. aureus #1961 5.5 hrs. 5.5 hrs.
Time Required for First Appearance of Lysis

Stgrh. aureus #1963 6.0 hrs. 6.5 hra.

Staph. aureus #1961 6.0 hrs. 6.5 hrs.

Time Required for Maximum Lysis

Steph. aureus #1963 10, hrs. 14,0 hrs.
Staph. aureus #1961 8.5 hrs. 10,0 hrs.

The lysates from the preceding were filtered at 24
hours end the filtrates titrated.

Titration Readings at 48 hra.

1072 107% 10°% 1077 10°® 107?
Steph #1963
Beef Ext.Broth P44 244 449 - - -
Synthetioc Medium ++4+4¢ <+4+44+  +44 - - -
Staph #1963 . - -
Beef Ext. Broth <++++ <4444 <+4+++ - - -

Synthetic Medium 444+ <4444+ <++44 - - -
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Experiment 3.
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