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TABLE 11. Influence of 16 Epi-oestriol on Uterine Growth in Ovariectomized Rats. 

xo. of Uterine Uterine 
Treatment animals wet wt (mg) dry wt (mg) 

Control, 10 full days after ovariectomy 
.1 pg oestradiol17p in Sesame oil 
.1 ” in prop. glycol 
.01 16 epi-oeatriol 
.1 

1 
3 

10 
25 
30 
40 
50 

100 

* Avg & stand. error. 

as on the uterus. Three daily doses of 40.0 
p g  of 16 epi-oestriol produced a maximal ef- 
fect on the vagina (full cornification) and the 
uterine weight. This substance seems to be 
the weakest of all the known naturally-oc- 
curring oestrogens described thus far. 
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Pentose Dependence of Lactobacillus gayonii and Related Species for 
Early Growth.” (21976) 

MERRILL N. ‘CAMIEN AND MAX s. DUNN. 
From the Chemical Laboratory, University of California, Los Angeles. 

Requirements for early growth of Lacto- 
bacillus gayoiiii and the closely related species, 
buchneri, lycopersici, f ermenti, mannitopoeus 
and brevis have been investigated recently in 
the authors’ laboratory because preliminary 
screening experiments showed this group of 
organisms to be particularly well suited for 
studies of D-a-hydroxy fatty acid and related 
lipid metabolism. The latter investigations, 
which were prompted by the finding that 
D-a-hydroxy fatty acids are essential in the 
nutrition of Lactobacillus casei 280-16( 1,2), 

*Paper 108. This work was aided by grants from 
the Eli Lilly Co., the Nutrition Foundation, Swift 
and Co., and the University of California. The 
authors are indebted to Miss Lynn Wyler €or tech- 
nical assidance . 

-- 

are to be described in subsequent reports. The 
effects of pentoses were studied because it had 
been shown previously that these sugars pro- 
mote better growth and acid production than 
does glucose for this particular group of micro- 
organisms( 3) ,  and it has now been found that 
although glucose may be utilized adaptively, 
an appropriate pentose is essential for early 
growth of most of these species. 

Methods. The sugars tested were D-glucose 
(C.P. dextrose, J. ,T. Raker Chemical Co.) , L- 
arabinose (Pfanstiehl ,Chemical Co.) , D-arab- 
inose, L-xylose, D-xylose, and D-ribose (prod- 
ucts of Nutritional Biochemicals Corp.). Sugar 
solutions of appropriate concentration were 
added to 13 x 100 mm soft glass test tubes 
together with sufficient water to make, 1.0 rnl 
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per tube and sterilized in the autoclave. The 
test medium, consisting of enzymatically di- 
gested casein (N-Z-Case, Sheffield Farms Co.) 
0.6%, yeast extract (Difco) 0.276, ammonia- 
hydrolysed yeast nucleic acid (4 )  0.02 % : glu- 
cose 0.5%, vitamin-mineral mixture( 5 )  20.6 
mg %, and buffer solution(5) 5.0 nil 76, was 
made to two-thirds final volume, autoclaved 
15 minutes at  15 Ib and added ( 2  ml per tube) 
aseptically to the previously sterilized tubes. 
The test microorganisms. described previously 
( 6 ) , +  were maintained for the 10 years pre- 
ceding the present experiments by serial sub- 
culture at  3-week intervals in Bacto-tomato 
juice agar (Difco) (the fresh stabs were in- 
cubated 40 hours then stored in a refriger- 
ator). An inoculuni medium was prepared by 
making a uniform suspension of dehydrated 
Bacto-tomato juice agar in the amount of 
water (cold) recommended by the manufac- 
turer. stirring it for 10 minutes and then filter- 
inp to remove the aFar. which, under these 
conditions. remained mostly undissolved. 
Fifteen ml aliquots of the filtrate were distrib- 
uted into 50-ml centrifuge tubes and sterilized. 
Eighteen- to 24-hour cultures of the test or- 
ganisms in this medium were centrifuged and 
resuspended in sufficient sterile saline to yield 
approximately los cells per ml. One-tenth ml 
of suspension per tube was employed as the 
inoculum. The inoculated tubes were incu- 
bated in a precision constant temperature 
water bath at 35‘C‘. 

Results. Bacto-tomato juice agar was em- 
ployed as the inoculum medium (agar re- 
moved) to amid adaptations during growth of 
the inoculum which might not have already 
occurred during maintenance of the test micro- 
organisms. I t  is of interest in this respect that 
the composition of Bacto-tomato juice agar 
( tomato juice solids 2%. Bacto-peptone 14; . 
Bacto-peptonized milk 1 %, agar 1.1 % ) in- 
cludes tomato juice as the sole source of utiliz- 
able carbohydrate for most of these organisms 
since lactose. presumably present in pepton- 
ized milk, is not utilized appreciably by this 
group with the exception of L. fernze?zti( 3 ) .  

t The American Type Culture Collection No. of 
L .  brevis is incorrectly given as 8257 in the reference 
cited. 

- ~ - ~ _ _ _ _  

The correct number is 8287. 

No report has been found concerning the types 
of sugar present in tomatoes, but it seems 
likely that pentoses are present in Bacto- 
tomato juice agar since the test organisms, as 
will be shown further on, remain unadapted to 
glucose utilization. The total sugars present 
in tomatoes average about 3.4% according to 
C hatfield and Adams ( 7 ) . 

Yeast extract was included in the test me- 
dium since it has been shown previously to 
stimulate growth of lactic acid bacteria(3) , 
and ammonia-hydrolysed yeast nucleic acid 
was employed as a nucleotide supplement, 
since the latter is known to stimulate growth 
of L. gayoizii(4).  The growth rates of L. 
brevis, L. buchneri, L.  gayonii and L. rnunnito- 
poeus were determined in the test medium 
with L-arabinose as the sugar source with and 
without the yeast extract and ammonia-hydro- 
lysed yeast nucleic acid, and the stimulatory 
effects of these supplements (data not shown) 
were found to be independent and additive ex- 
cept with L. buchneri, for which the ammonia- 
hydrolysed yeast nucleic acid appeared to be 
inert. The complete test medium (containing 
both supplements) was used in subsequent 
esperimen ts unless otherwise specified. 

Glucose (0.5%) was autoclaved with the 
medium in all of the tests (unless otherwise 
noted) since Rogers et at?. (8) have shown that 
an unidentified substance essential for early 
growth of L. gayonii is formed in glucose con- 
taining media upon heating. The concentra- 
tions of the various sugars tested (including 
glucose) were in addition to this basal glucose 
level, but the test sugars were sterilized sep- 
arately from the medium to avoid alteration 
through “browning?’. 

The data shown in Fig. 1 illustrate that 
L. brevis (B) ,  L. gnyonii (G),  and L. manni- 
topoeus (31) respond markedly to L-arabinose 
(a )  in 16 hours, but negligibly to glucose (g) 
under these conditions. Similar effects were 
noted with L. buchneri and L. Zycopersici 
(data not shown): but L. fermenti exhibited a 
considerable 16-hour response to glucose, ex- 
ceeded only by that to D-xylose and D-ribose. 

All test organisms responded ultimately to 
glucose, although L. buchneri was slowest in 
doing so. The data presented in Fig. 2 show 
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FIG. 1. 16 hr response of L. brevis (B), L. gayonii (G) and L. mannitopoeus (M) to L-arabin- 
ose (a) and D-glucose (g).  Values on horizontal scales are sugar concentrations (%) ; those 
on vertical scales are titrations (calculated as ml of 0.01 N NaOH required to neutralize 1 ml 

of culture). 

that the response of L. buchneri to glucose (g) 
was still only slight after 145 hours, whereas 
D-xylose (x) was nearly completely fermented 
in 145 hours and L-arabinose (a) in 50 hours. 

Eighteen-bur responses of each of the test 
organisms to 1 "/o L-arabinose, D-ribose, D- 
xylose and D-glucose, respectively, are given 
in Table I (the responses to D-arabinose and 
L-xylose were excluded from the table because 
they were negligible in all cases). L-Arabinose 
yielded the best or nearly the best response 
for all the test organisms except L.  fermenti, 
and D-ribose and D-xylose were generally 
much better utilized than D-glucose (al- 
though some utilization of the latter was al- 
ready in evidence). 

I I 

5 0  100 
FIG. 2. Growth of L. buchneri with 270 L-arabiii- 
ose (a), 2% D-xylose (x), and 2% glucose (g). 
Values on horizontal scale are hours of incubation ; 
those on vertical scale are titrations (calculated as 
ml of 0.01 N NaOH required to neutralize 1 ml of 
culture). The yeast extract, the ammonia-hydro- 
lpsed yeast nucleic acid and the initial supplement, 
of glucose were omitted from the test medium in 

this experiment. 

Results in the test medium solidified with 
agar and supplemented with D-glucose and 
L-arabinose, respectively, showed the same 
trends as in liquid medium. Colonies of L. 
brevis, L. gayonii and L. mannitopoeus in L- 
arabinose-supplemented agar medium were 
large (approximately 3 mm diameter) after 
40 hours incubation under carbon dioxide, 
whereas those in D-glucose-supplemented agar 
medium were still nearly microscopic after this 
length of time. Colonies in the latter medium 
ultimately reached normal size, however, and 
the final number of colonies per unit volume 
of inoculum suspension were approximately 
the same with either D-glucose or L-arabinose, 
indicating that probably each cell in the in- 
oculum suspension possessed an adaptive 
mechanism for lthe utilization of D-glucose. 

The relatively large amounts of pentose re- 
quired to promote growth of the test organisms 
(Fig. 1) suggest that the pentose functions as 
an energy source, rather than as a vitamin- 
like nutrient. A study of the enzyme systems 
involved has not been attempted, but a reason- 
able hypathesis appears to be that these pen- 
tose-requiring organisms possess a constitutive 
pentokinase together with an adaptive hexo- 
kinase. I t  seems unlikely that the growth- 
promoting effects of the pentoses were due to 
contamination with vitamin-like growth fac- 
tors since the test medium contained yeast 
extract, which is generally found to be an ade- 
quate source of such unidentified nutrients. 
This possibility was rendered still less likely 
by the use of recrystallized L-arabinose, *which 
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TABLE I. 18-Hour Response of the Test Organisms to 4 Sugars (at 170 Concentration). 

Growth response (acid production) * 
L-hrabiiiose I)-Ribose D-Xylose D- Glucose 

- _-____ - - - __ - I _. - - -_ 
L. bwxis 14.35 24.13 12.42 2.80 
L. bzichneri 10.28 4,Si 4.80 .67 

L. gayoiiii 11.28 11.92 6.42 2.60 

L. numnitopof (1.s 13.48 8.42 10.13 2.79 

L. fernzenti 2.38 9.81 8.17 5.33 

L. lycopersici 3.40 1.30 2.63 2.10 

-. .________ - . . . - - - - ._ _ _  __ ._ . - ~ -  - 

* Calculated a b  1111 of 0.01 S S a O I l  rcquirtvl to iitwtralize 1 iu1 of ctllturr. 

was found to have retained all of its original 
growth-promo ting activity . 

That D-glucose has been employed with 
general success as a carbohydrate source for 
these and related microorganisms may be ac- 
counted for by adaption to D-glucose resulting 
under the test conditions employed. Cheldelin 
and Riggs(9). for example. carried their cul- 
ture of L.  gayonii (A.T.C.C. 8289) in a me- 
dium containing l?$ glucose. 1% yeast ex- 
tract. and 2c/; agar and. like most other re- 
searchers, employed an inoculum medium also 
containing glucose as the sole carbohydrate 
source, Such conditions would: of course, be 
certain to maintain this or]ganism in its maxi- 
mally adapted state. 

Szrmmary. Evidence has been presented in- 
dicating that an appropriate pentose is essen- 
tial as an energy source for early growth of 
L. brzvis, L. buchneri, L. gayonii, L. lycoper- 
sici and I.. mannitopoeus if passage through a 

pentose-f ree glucose-containing medium, which 
would promote adaptive utilization of glucose, 
is avoided. 
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Effectiveness of Phenoxymethyl Penicillin V, and Sodium Penicillin G 
Against Hemolytic Streptococcus Infection in White Mice. (21977) 

H. M. POWELL AND C. G. CULBERTSON. 
From Lilly Research Laboratories, Indianapolis, Ind. 

The following experiments were conducted 
to determine the comparative effectiveness on 
a weight basis of phenoxymethyl penicillin V, 
and sodium penicillin G against hemolytic 
streptococcus infection in white mice. 

il4atcrials and methods. Two groups total- 
ing 640 white mice in 2 tests were injected 
intraperitoneally with a 10-5 dilution of a 
16-hour blood broth culture of hemolytic 
streptococcus C-203. This is usually some- 

what more than 1000 LDjo, but less than 10.- 
000 LDS0. In one test indicated below it was 
actually 4,050 LDSo. and in the other test it 
was 5,900 LDSc, according to virulence tests 
which utilized 100 mice each. Following in- 
jection of the virulent culture, subgroups of 
20 mice each were injected immediately by 
the subcutaneous route with either one or the 
other of the above penicillins. Different sub- 
groups of 20 mice received either 7 or 9 2-fold 


