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the murine encephalomyelitis (MM virus), 
Eastern equine encephalomyelitis and rabies 
viruses were antigenic but no longer infectious 
to mice following treatment with 0.1% BPL. 
A greater concentration of BPL was required 
for inactivation of mouse brain suspensions of 
these viruses. 

By using Kewcastle disease virus and BPL 
the alteration of infectivity and antigenicity 
of the virus could be measured in the chicken, 
which is the natural host for the virus. The 
absence of infectivity with retention of high 
antigenicity indicated that BPL is ideal for 
manufacture of certain viral vaccines. This is 
especially true when viruses propagated in 
chicken eggs may become contaminated with 
other viral agents. 

1. A vaccine made by treating Su?mnary. 

Newcastle disease virus wtih 0.0255 beta- 
propiolactone was found not to tx infectious 
to the chicken, its natural host. 2 .  The sera 
from chickens receiving the vaccine were 
found to contain protective antibodies 16 days 
following vaccination. 3. Paired sera col- 
lected before and after vaccination showed a 
marked rise in hemagglutination inhibition 
and neutralizing antibodies. 
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Seed for a procedure whereby large quan- 
tities of cells of n/lirrococcus lysodeikticus can 
be prepared conveniently for use as substrate 
for lysozyme, was encountered in studies of 
Iytic enzymes from mammalian tissues( 1). 
Present methods for production of M .  Zyso- 
deikticus depend mainly on surface culture 
on agar media(2-6). Although a number 
of reports describe growth on liquid 
media (7-14) they are concerned primarily 
with nutritional requirements of the organism 
or pertain to mass cultivation without regard 
to lysability. 

The present paper describes a simple pro- 
cedure for production of cells of M .  Zyodeik- 
ticus in submerged culture. The influence of 

* Paper of the Journal Series, S. J. Agri. Exp. Sta- 
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Departments of Agricultural Biochemistry and .4gri- 
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t This work was presented in part before the Theo- 
bold Smith Society of the SOC. of Am. Bact. at 
Princeton University, Princeton, N. J., June 2, 1955. 

certain nutrients on growth and lysability of 
the cells is reported. 

Methods and materials. ill. lysodeikticus, 
strain No. 19 of the collection of the Institute 
of Microbiology, Rutgers Vniversity. was 
used throughout. All inoculations were made 
with 24 to 36 hour old agar cultures suspended 
in sterile, distilled water. Growth studies were 
carried out in test tubes (19 s 150 mm) con- 
taining 10 ml of medium. The tubes were 
set in a rack mounted on a rotary shaker and 
incubated at  28°C with agitation. Growth 
measurements were made with a Coleman 
Junior Spectrophotometer at  635 my. When 
quantities of cells were required, 250 ml Er- 
lenmeyer flasks containing 100 ml of media 
were inoculated and incubated at 28°C on a 
rotary shaker. Method of preparation of dried 
cells and assay of lysozyme activity have been 
described previously( 1). Crystalline egg 
white lysozyme was purchased from Worth- 
ington Biochemical Corp. The peptones used 
were: Lactalysate, Trypticase, Gelysate, 
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Thiotone-B a1 timore Biological Laboratories, 
Md.; N-Z Amine-Sheffield Farms, Inc., 
New York City; and Bacto-peptone, Bacto- 
tryptose, Nm-peptone, Proteose-peptone and 
Protone-Difco Laboratories, Detroit, Mich. 

Results. M .  lysodeikticus was cultivated on 
a medium Containing yeast extract, 0.1 % ; glu- 
cose, 0.5%; NaCl 0.5% and Bacto-peptone, 
0.5 or 1.0% at pH of 7.2 and on similar media 
with various components withdrawn singly to 
determine essentiality for growth. Develop- 
ment in the complete nutrient medium was 
satisfactory; however, by doubling the pep- 
tone content and omitting yeast extract and 
glucose, growth was even better. Omission of 
yeast extract from a medium with glucose re- 
sulted in definite inhibition of growth and 
may reflect a need for biotin( 12). The most 
rapid development was obtained on a broth 
consisting of 1 % peptone and 0.5% NaCl. 
Dried cell preparations from each medium 
were tested as substrates for lymzyme using 
5, 10, 20 and 100 pg of crystalline enzyme in 
a 5.5 ml system at  25°C. Since linearity be- 
tween enzyme concentration and activity be- 
gins to fall off above 20 pg crf enzyme( 1,15, 
16), the activity on the linear part of the 
curve as well as non-linear portion may be 
compared. The most susceptible cells in re- 
spect to linear and extra-linear concentrations 
of enzyme were those from the medium which 
contained 1 % Bacto-peptone and 0.5% 
XaC1. This medium also gave the best 
growth . 

The results of tests when 10 different pep- 
tones were substituted singly for Bacto-pep- 
tone are shown by Fig. 1 .  No growth was ob- 
tained on Protone or Neo-peptone. Although 
there was greatest development with Bacto- 
tryptose. growth was preceded by a lag period 
of approximately 25  hours. Growth on 
Bacto-peptone showed the shortest lag. Cells 
from each uf the 10 peptones were tested fur 
susceptibility to lysozyme and rate of lysis at 
linear and non-linear concentrations of en- 
zyme was greatest in cells which grew op- 
timally, With cells from media supporting 
poor growth (curves 5 through 8), this rela- 
tionship was not apparent. Susceptibility of 
cells from the medium containing Proteuse- 
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FIG. 1. Comparison of growth of Nicrococcus 
lysodeikticus on 10 nitrogen sources. Curve 1- 
Bacto-tryptose, 2-Thiotone, 3--Racto-peptone, 
4-Proteose-peptone, 5-Lactalysate, 6-Trypti- 
case, 7-N-Z Amine, 8--Gelysate, 9-Protone, 10- 

Neopeptone. 

peptone was lower with high concentrations 
of the enzyme. This may reflect a decreased 
availability of sodium ion)( 16) .  Although 
rate and extent of growth on peptones 5 
through 8 differed greatly, the cells were com- 
parable with regard to lysability. Gelysate, 
for example, produced cells whose lysis was 
comparable to that of cells grown on Lactaly- 
sate which produced 2 times as much growth. 
Of the 10 peptones investigated, Bacto-tryp- 
t o s t  and Bacto-peptone: were chosen for 
further study. 

After demonstrating that the lag period for 
growth in Bactlo-tryptose could not be elim- 
inated by prior adaptation of 'the cells in this 
medium and that NaCl did affect the lag, 
cells were maintained on Bacto-tryptose agar 
and Bactlo-peptone agar. These grew equally 
well when transferred to Bacto-peptone broth, 
however, addition of NaCl increased both ex- 
tent and rate of development. Cells grown 
on Bactoqxptone agar and inoculated into 
Bacto-tryptose broth grew at a reduced rate 
compared to cells that had been maintained 
- ~~~ 

$ The composition of Bacto-peptone (Difco) and 
Bacto-tryptose (Difco) are presented in the Difco 
manual, Difco Laboratories, Inc. Detroit, Mich., 
1953, pp. 256 and 262. 
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FIG.  2. Optimal concentration of SaCl  for growth 
of Micrococcus lysodeikticus in  Bacto-peptone and 
Bacto-tryptose media. Curve A, growth on Bacto- 

peptolie ; Curve B, growth on  Bacto-tryptose. 

on Bacto-tryptose agar. Cells maintained on 
Bacto-tryptose agar continued to show a pro- 
longed lag period in Bacto-tryptose broth. 
This lag period was reduced markedly by ad- 
dition of 0.5% NaC1 to the medium. Cells 
that had been maintained on Bacto-peptone 
agar were influenced similarly by addition of 
NaCl. 

The influence of concentrations of NaCl on 
growth of M .  lysodeikticus in 64 hours is 
shown by Fig. 2.  The optimal concentration 
of NaCl for growth was 0.5% with Bacto- 
peptone and 1% with Bacto-tryptose, even 
though Bacto-tryptose contains twice as 
much sodium ion and 10 times as much chlor- 
ide ion as Bacto-peptone.: 

Tests of the activity of lysozyme on these 
cells indicated that susceptibility of cells 
grown on Bacto-peptone was greater than 
that of cells grown on Bacto-tryptose (Fig. 
3 ) .  Bacto-peptone and Thiotone produced 
cells on which enzyme activity appeared to 
parallel growth. This was not the case for 
the other peptone. 

Growth of I l l .  lysodeikticus in Bacto-pep- 
tone broth was inhibited completely at  pH 
4 and 5 .  Although growth was most rapid 
at pH 7.5, it was comparable a t  pH 6 to 9 
after 87 hours. Beers( 14) also observed a 
high pH requirement for growth of this or- 
ganism. 

From the foregoing studies, the following 
medium is suggested for production of M .  
lysodeikticzls: 1 % Bacto-peptone and 0.5% 
NaCl in water a t  pH 7.5. Growth on this 
medium was compared with that on media 
recommended by Smolelis and Hartsell ( 6)  
and Saz and Krampitz( 11). Agar was left 
out of the medium of Smolelis and Hartsell. 
All other components were equivalent. The 
inoculum was obtained from a Bacto-peptone- 
NaCl agar. The most rapid rate of growth 
was obtained on the recommended medium. 
There was considerable lag when M .  lysodeik- 
ticus was grown in either of the other 2 media. 
The amount of growth was greatest on the 
medium of Smolelis and Hartsell. This is 
understandable since it contains as much as 
6.5% available organic matter, as compared 
to 1.8% in the medium of Saz and Krampitz, 
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FIG. 3. Activity of crystalline lysozyme on cells 
grown on Bacto-peptone and Bacto-tryptose media 

containing various concentrations of NaC1. 
Curve P1, 
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cells from Bacto-peptone medium with 
100 pg lysozyme. 

Bacto-trypt,ose 100 
Bacto-peptone 20 
B act 0- t ryp t ose 2 0 
Bacto-peptone 10 
Bacto-tryptose 10 
Bacto-peptone 5 
Bacto-tryptose 5 
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TABLE I. Comparison of Lysozyme Activity on 
3 Cell Preparations. 

Lysozyme 
ae t ivi t y * 

4 % trans- 
Cone. of mission from 

Medium used enzyme (pg) 30-60 see 

S and Ht  5 
10 
20 

100 
S and KS 5 

10 
20 

100 

1 0  
20 

100 

Peptone-salt$ 5 

.5 

.7 
1.5 
3.5 

.7 

.7 
1.7 
5.0 
.8 

1.0 
2.0 
7.9 

It Duplicate determinations. 
t Smolelis and Hartsell medium without agar( 6). 
t Saz and Krampitz( 11). 
$ The recommended peptone-salt medium. 

and only 1% in the recommended medium. 
It is likely that the lag in growth on the me- 
dsium of Smolelis and Hartsell could be par- 
tially eliminated by adjustment of pH. Like- 
wise, there might be more rapid development 
in the medium of Saz and Krampitz by addi- 
tion of NaCl and adjustment of pH. 

Table I shows that the lysability of cells 
from the recommended medium is greater 
than that of cells from the other 2 media. 

Since Wiloox and Daniel( 16) have indi- 
cated that a decrease from linearity in en- 
zyme activity at high concentrations of lyso- 
zyme may be partially overcome by addition 
of sodium ions to either buffer or enzyme 
solutions, the influence of NaCl added to sus- 
pensions of cells which had been grown in 
media containing from 0 to 4% NaCl, was 
tested. The results are shown in Fig. 4. 
Doubling and quadrupling concentrations of 
NaCl in the suspension of cells grown in 
Bacto-peptone containing 0 to 1% NaCl 
caused a progressive inhibition of enzyme ac- 
tivity, but did not influence the lysability of 
cells which were grown in broth containing 2 
to 4% NaCl. If, at  a concentration of 100 
pg lysozyme/O.S ml, sodium ion is required 
to increase enzyme activity ( 16) then increas- 
ing the concentration of NaCl in the suspen- 
sion should influence lysability of cells grown 
in the absence of NaC1. This was not the 
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FIG. 4. Effect of adding NaCl to assay system on 
activity of crystalline lysozyme (100 pg). Cells 
grown in  media containing varying amounts of 
NaC1. Curve A, .0171 M NaCl in  assay system; 

Curve B, .0342 M; Curve C, .0684 M. 

case. It is possible, therefore, that NaCl plays 
a structural role either in adsorption of the 
enzyme to the cell wall or in production of 
cellular substrate, or both; and consequently 
NaCl is more efficiently ubililized if it is present 
during growth of the organisms. 

Summary. ( 1 )  A broth consisting of 1% 
Bacto-peptone and 0.5% NaCl at pH 7.5 is 
recommended for growth of M .  Zysodeikticus 
as substrate for lysozyme. ( 2 )  Cells grown 
and prepared by the recommended procedure 
were more susceptible to lysozyme than cells 
produced by other methods. (3) The rate of 
lysis of cells of M .  lysodeikticus was affected 
by the concentration of NaCl used in the 
culture medium. 

The technical assistance of Mr. Harvey Oshrin in 
the preparation of cells and media is gratefully 
acknowledged. The authors are indebted to Profes- 
sor R. L. Starkey of the Department of Agricultural 
Microbiology for reading the manuscript. 
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Effect of Ergotainine on Milk-Ejection in Lactating Rat." (22242) 

CLARK E. GROSVENOR. (Introduced by C. K. Weichert.) 
Zoological Laboratory, University of Cincinnnti.t 

I t  has been generally accepted( 1-5) that 
the ox!-tocic principle from the posterior 
pituitar5- gland is the humoral agent respon- 
sible for .'let-down'' of milk from mammary 
gland. I t  has further been demonstrated (6)  
that adrenalin, fright, and other stimuli, in- 
terfere with this effect, whereas acetylcholine, 
when injected. acts similarly to "let-down" 
hormone( 7-S) . Evidence is presented in this 
paper that ergotarnine also interferes with 
normal **let-down" of milk in lactating rats. 

M a t e r i d s  crnd methods. Docile lactating 
rats, each with its first litter and weighing 
230-260 p. were housed in individual cages 
and given Yurina Dog Chow and water nd 
libitum. Seasonal greens were fed twice 
weekly. Each litter was reduced to 6 young 
shortly after birth and, whenever possible, 
these were equally distributed as to sex. Rats 
with less than 6 young were discarded. Ten 
control and 10 experimental animals each 
with litter of 6 were used. Ergotamine tar- 

* Part oi dissertation submitted to Graduate 
School oi -3rts and Sciences of University of Cin- 
cinnati in partial fulfillment for degree of Doctor of 
Philosoph!. 

t Present address: Biology Department, University. 

tratef was injected subcutaneously into lac- 
tating mothers 3 times a day at 6-hour inter- 
vals, from ninth through twelfth days post- 
partum, at  dosage of 3 mg/kg/day. Half of 
the controls received comparable injections 
of physiological saline to test whether or not 
frequency of injection and/or amount of fluid 
injected would affect the pattern of maternal 
behavior. The remaining controls were unin- 
jected. One and one-half hours following the 
second of 3 injections of the day, each litter 
was weighed, then isolated from the mother 
for 6 hours during each day of injection per- 
iod. The young were kept warm to prevent 
any undesirable effects from exposure. In some 
preliminary experiments, stomachs of several 
litters, killed at end of 6-hour isolation period, 
contained no milk. One and one-half hours 
after third injection of the day, each litter 
was again weighed to determine weight loss 
during the 6-hour interval. The young were 
then placed back with the mother and allowed 
to suckle for exactly 20 minutes. Length of 
time before each mother began nursing was 
recorded. The litter was then removed and 
weighed to determine amount of milk ob- 
tained during the 20-minute intervaI. (Table 

of Tennessee. Martin. $ Kindly supplied by Sandoz Chemicals, N. Y. 


