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biotics. and if so, whether such treatment 
would significantly reduce the mortality. 

Korol ( 10) obtained equivocal results in one 
experiment in which mice poisoned with 
nitrogen mustard were treated with strepto- 
mycin, but the treatment was not continued 
beyond the 4th day. In one unpublished ex- 
periment Korol( 11 ) found a slight reduction 
in mortality in mice treated for 12 days with 
70CO p g  of streptomycin a day. 

IVhile the development of bacteremia may 
hasten the death of animals poisoned with 
nitrogen mustard, it seems doubtful that its 
importance as the cause of death is as great 
as it appears to be after moderate doses of total 
body x-radiation. 

1. Kine to 10 weeks old female 
mice, averaging 2 7  g in weight were injected 
intraperitoneally with 0.2 mg (approximately 
7 mg per kilo = LD!,o) of nitrogen mustard 
(Methyl bis (p-chloroethyl) hydrochloride). 
Cultures of heart‘s blood and spleen of mice 
sacrificed for that purpose were made at  daily 
intervals. 2 .  Bacteremia was found to be 
present in over )5 of the mice on the Sth, 6th 
and 7th days. A number of additional mice 
on these days (6-17’%) showed positive cul- 
tures of spleen only. The species of bacteria 
recovered from blood and /o r  spleen were all 
members of the normal intestinal flora. with 

Summar.?. 

the exception of Corynebacterium pseudo- 
tubcsculosis muriurn. 3.  Generalized infec- 
tion of enteric origin seems to play a less im- 
portant role as a cause of death in mice 
poisoned with nitrogen mustard than in mice 
subjected to moderate doses of total body 
x-radiation. 
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Early studies on the nutrition of L Q C ~ O -  
bacillus g a y m i (  1) provided evidence for a 
“gayoni factor”, inasmuch as this organism 
could not be cultured on existing synthetic 
media unless supplemented by liver or yeast 

*This work was supported by a grant from Swift 
and Co., published with the approval of the Mono- 
graphs Publications Committee, Paper KO. 2 14, 
School oi  Science, Department of Chemistry. -4 pre- 
liminary relport was presented before the American 
Chemical Society, Atlantic City, Sept. 1952. 

fractions. Subsequent experiments( 2 : 3 )  
showed that yeast nucleotides and unusually 
high levels of pteroylglutamic acid were re- 
quired in addition to the active principle of 
liver or yeast. Recently, it has been found 
possible to replace in part the nutrients in 
liver or yeast by glutamine or asparagine, al- 
though maximum growth could not be ob- 
tained (4). 

The growth of L. gayoni also has been found 
to be dependent upon heating the complete 
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TABLE I. L. gayoni Response to Asparagine and Yeast Extract as Influenced by Heating the 
Culture Medium and by Supplements of Ascorbic Acid. 

Filter-sterilized medium“ Heat-sterilized medium” 

Ascorbic acid Ascorbic acid 
Test mat er ia Is Control (4 mg/lO ml) Control (4 mg/lO ml) 

7- 7 7- Y 

Growtli response (O.D.) t 
S o  ne .08 .lo .12 .16 
Asparagine (10 mg/lO ml) .19 .23 .:3 .89 
Yeast estr. (50 mg/lO ml) .79 1.02 1.1 7 1.24 

* culture ineclium minus asparagine and ascorbic acid, Heat sterilizatioii-10 inin. a t  120°C 
50 mg of yeast estr. = ca. .5 mg of asparagine. I,. gayoni asparagine requirement = .1-.3 mg 
per 1 0  ml. 

t O.D. (optical density) = 2-log % transmission. Each value is average of 2 dcterminations. 
Time-12 hr a t  37°C. 

culture medium. Heating the components of 
the medium separately and mixing after cool- 
ing or filter sterilizing the medium did not 
provide for any stimulatory factor. This 
factor could also be supplied by high levels of 
a yeast extract. 

Procedure. The test organism was strain 
45 of L. gayoni 8289 which was maintained 
according to previously described procedures 
(2,3). The culture medium of Cheldelin 
and Nygaard ( 2 ) was employed with supple- 
ments of ammonia-hydrolyzed yeast nucleic 
acid+ { Schwarz) ( 1 mg/lO ml), L-asparagine 
H2O ( 1  mg ‘10 ml), ascorbic acid (4  mg/lO 
ml) , xanthine (0.1 mg/lO ml) and pyridoxal 
HCI (10 Y / I0  ml). The previously listed 
concentrations of salts A and Tween 80 were 
increased 3-fold. Such a medium was com- 
plete enough to allow for maximum growth 
within 20 hours of incubation, even when 
unheated. However, for a maximal growth 
rate during 10 to 14 hours of incubation, a 
large supplement of yeast extract (Difco) 
(ca. 50 mg 10 ml) was required. When the 
components of the culture medium were heated 
separately or in various combinations, each 
component was adjusted individually to pH 
6.8 before heating. When heat sterilization 
was not applied, the medium and supplements 
were filter sterilized using either sintered glass 
or Seitz filters. N-D-glucosylglycine ethyl 
ester was prepared by condensing glucose with 
glycine ethyl ester according to the procedure 
of IVolfrom et  al.( 5 )  (m.p. 106.5-107.5”C; 

~ ~ _ _ - -  

t Employed as a source of the yeast nucleotides. 
$ t‘ncorrected (Fisher-John block). 

literature m.p. 108°C). Henceforth in this 
report, this ester will be referred to as GG. 
GG did not give ,a positive ninhydrin test 
under conditions where a positive test was ob- 
tained from free glycine. Neither was a posi- 
tive reaction obtained by the aniline acid 
phthalate test for reducing sugars (6). Upon 
heating an aqueous solution of GG, positive 
tests were obtained for the free amino acid and 
reducing sugar. By saponification of GG with 
alcoholic KOH, the potassium salt was ob- 
tained in quantitative yield. This salt was 
isolated as a hygroscopic white powder which 
contained bound amino and reducing groups. 
When warmed with ninhydrin, the solution 
“browned” before giving a positive test for 
the free amino acid. The alkaline treatment 
of GG or glucose consisted of autoclaving 
120 mg of material in 50 ml of one per cent 
potassium phosphate buffer (pH 9.5) for 10 
minutes a t  12OOC.  After cooling, the solu- 
tion was adjusted to pH 6.8 and diluted to 
60 ml. In  certain experiments as noted, a few 
of the supplements were omitted from the 
basal medium and added as test materials. 

Results. When the test organism was 
cuItivated in an unheated medium, it did not 
grow as rapidly as it did when the medium 
had been heated (Table I).  Although ascorbic 
acid provided some stimulation, especially in 
the more complete media, the effect of heat- 
ing the medium was considerably greater. 

In  experiments which are not being reported 
here in detail, it  was found that omitting the 
glucose or acid-hydrolyzed casein from the 
medium during heating reduced the heat ac- 
tivation effect. When only glucose and the 
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acid-hydrolyzed casein (previously adjusted 
to pH 6.8) were heated together, only slight 
amounts of activity were formed; the pres- 
ence of salts A (potassium phosphates: pH 
6.8) was required in order to obtain the full 
effect of heat activation. Heating glucose with 

salts A also resulted in only incomplete acti- 
vation. 

When the amino acids of the acid-hydro- 
lyzed casein were treated individually with 
glucose and salts A, glycine was found to be 
the amino acid most effective for activation 
(Table 11). Many of the other amino acids 
were slightly effective and some were in- 
hibitory. In  a subsequent experiment, only 
(1-alanine was found to be inhibitory when 
heated with glucose, salts A and glycine. 

Solutions of glucose, salts A and amino acids 
were observed to "brown" on heating and the 
possibility that activation was related to the 
Naillard reaction ( 7 )  was explored. Several 
intermediates of the "browning" reaction in- 
volving glucose and glycine were tested, among 
them N-I)-glycosylglycine. as the ethyl ester 
and the potassium salt. These materials were 
found to be active when tested in the unheated 
medium (Table 111), but the potassium salt 
was only about one per cent as active as the 
ester. LYhen these materials were heated with 
the culture medium, the broth containing the 
potassium salt 'Lbrowned'' more than the broth 
containing the ester. Perhaps, a free carboxyl 
group favored destruction of activity. 

The GG response curve deviated from that 
of yeast extract (Fig. 1). 11-ith increasing 
concentrations of GG: the response increased 
slowly a t  first, then progressively more rapidly 
than the yeast extract response. Ultimately, 
a maximum was reached and higher concentra- 
tions of GG inhibited growth. Seglecting 
these higher levels, where inhibition was evi- 
dent, the GG curve was reminiscent of curves 
obtained with deficient media. Several limit- 
ing factors appeared to have been increasing 
simultaneously, or in other words the activity 
of GG may have represented multiple effects. 
II'hen GG was autoclaved under alkaline con- 
ditions, an overall decrease in activity was 
observed. However, the response curve then 
paralleled the yeast extract curve and no 
inhibitions were observed at the high supple- 
ment levels. Subsequent tests have shown 
that although some activity was always de- 
stroyed by heating, prolonged heating (60 
minutes instead of the 10 minutes employed 
here) did not reduce the activity further. 
These data were interpreted as indicating a 
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FIG.  1. 
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unheated 
r at 37". 

CONCENTRATION ( m g . / l O m l ;  log. scale) 
FIG. 2. L. gny0n.i. response to graded levels of yeast extract (YE), N-D-glucosylglyeine etliyl 
ester (GG) 2nd glueose (G) autoclaved at PIT 9.5. (GG + G )  = graded levels of GG with con- 
stant amounts of G added t o  basal mediuni (4 mg/lO ml). Time--13 hr a t  37". Each poilit is 

average of two determinations. 

conversion of GG into another, heat stable 
form, perhaps even more active. The initial 
loss of activity was apparently due to destruc- 

tion of GG before i t  could.be converted into 
the other form, and the total activity was 
regarded as a net effect of several competing 
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reactions of destruction and synthesis. 
Glucose was autoclaved under alkaline con- 

ditions to form a substance with very slight 
activity when tested alone on the unheated 
medium (Fig. 2 ) .  A 4 mg supplement/lO ml 
for instance, furnished a net culture turbidity 
of only 0.07 O.D. units. However, in the 
presence of this 4 mg supplement of autoclaved 
glucose, the growth response curve for GG, 
which without supplementation deviated from 
the yeast extract curve. became parallel to 
that of yeast extract. Evidence for synergisms 
between autoclaved glucose and low levels of 
GG (unheated) was striking. Toxicity a t  high 
levels of GG was again noted. 

Discussion. The need for heat activation of 
the culture media employed for lactic acid 
bacteria was discovered by Orla- Jensen (8) .  
Heat activation was found to involve sub- 
stances like glucose, methylglyoxal, furfural, 
arabinose and xylose with the remainder of the 
culture medium, autolyzed yeast or even alka- 
line tap water. Snell et a L ( 9 )  have reported 
that pyruvate could replace the substance 
formed by heating the culture medium for L. 
hulgaricus. Under the present conditions how- 
ever, pyruvate was totally without effect for 
L. gayoni. This suggests that the heat activa- 
tion problem may be much more complex than 
is even indicated in these papers. 

The possibility that these two postulated 
growth factors may be the ultimate solution 
to the “gayoni factor‘’ is favored by the fact 
that the heated GG curve and the unheated 
GG plus heated glucose curve were parallel 
to the yeast extract curves (semi-log scale). 

However, definite assurance of the micro- 
biological equivalence of these factors to yeast 
extract can not yet be given because of the 
superior total growth that is possible a t  high 
concentrations of yeast extract. The inade- 
quacy of GG plus heated glucose may be due 
to toxic substances, to a marginal deficiency 
of some component of the culture medium, to 
other growth factors, or other more active 
forms of existing factors. 

Suwzzmary. 1. For rapid initiation of growth 
of L. gayoni, the culture medium required 
heating. 2.  This heat activation reaction, in- 
volving glucose, salts A and glycine, appeared 
to proceed through an intermediate, X-D- 
glucosylglycine, and then into at  least two 
heat stable growth factors. 3. One of these 
factors could also be derived by heating glu- 
cose under alkaline conditions. 
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