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TABLE 1. Effect of Dog Blood Collected Daily

philic Plasma and Whole Hemophilic Blood.

REQUIREMENTS OF Streptococcus faecalis

Following Irradiation on Platelet-Poor Hemo-

Test series 1

.5 ml irradiated dog whole blood*
.7 ml platelet-poor hemophilic plasmat

Test series 2
.5 ml irradiated dog whole blood*
1.2 ml hemophilic whole blood*}

«© ) r )
Days after % prothrombin No. platelets % prothrombin No. platelets
irradiation utilized in 1 hr per mm3 mixture utilized in 1 hr per mm3 mixture
2 90 243000 90 432000
3 90 240000 82 404000
4 83 161000 90 356000
5 81 138000 90 308000
6 79 61300 90 302000
7 17 12750 90 204000
8 28 2300 90 198000
9 18 1275 90 218000

* Whole blood freshly drawn, no anticoagulant, immediate mixing. Irradiated dog same as

in Pig. 1.

t Prepared by centrifugation at 3°C at about 14000 g for 2 hr, silicone technic, no anti-

coagulant.
$ Equivalent to .7 ml plasma.

tivity of dogs subjected to total body irradia-
tion remained at normal levels. 2. Whole
hemophilic blood with a full complement of
platelets accelerated the clotting of irradiated
dog’s blood, while platelet-poor hemophilic
plasma did not.

1. Allen, J. G., Sanderson, M., Milham, M., Kirs-
chon, A., and Jacobson, L. O., J. Exp. Med., 1948,
v87, 71.

2. Jackson, D. P., Cronkite, E. P., Jacobs, G. J.,
and Behrens, C. F,, to be published.

3. Holden, W. D,, Cole, J. W., Portmann, A. F.,
Storaasli, J. P.,, Proc. Soc. Exp. Bior. axp Mebp,,
1949, v70, 533.

4. Graham, J. B, Collins, D. L., Jr., Godwin, I. D,
and Brinkhous, K. M., Proc. Soc. Exp. BioL. AN
Mep., 1951, v77, 294.

5. Chapman, W. H., Cronkite, E. P., Chambers,
F. W., and Morgan, J. E,, NMRI Project No. NM
006 012.05.03, 1950.

6. Brecher, G., and Cronkite, E. P, J. 4pp. Physiol.,
1950, v3, 365.

7. Nygaard, K. K., Proc. Staff Meet., Mayo Clin.,
1933, v8, 365.

8. Buckwalter, J. A., Blythe, W. B,, and Brinkhous,
K. M., Am. J. Physiol., 1949, v159, 316.

9. Tullis, J. L., Am. J. Path., 1949, v25, 829.

10. Brinkhous, K. M., Proc. Soc. Exp. BioL. AND
Mep., 1947, v66, 117.

11. Stefanini, M., and Crosby, W. H,, Proc. Soc.
Exp. Bior. anp MEeb., 1950, v73, 301.

12. Harris, T. N, and Harris, S. J., J. Exp. Med.,
1949, v90, 169.

Received October 31, 1951. P.S.E.B.M. 1951, v78.

Studies on Purine and Pyrimidine Requirements of a Strain of

Streptococcus faecalis.

HarrisoN A. HoFrMANN AND PauLr L. PAVCEK.

(19199)

(Introduced by R. D. Seeley.)

From the Research Division, Anheuser-Busch, Inc., and the Departmment of Botany, Washington

University, St.

In an earlier paper(1) it was reported that
a strain of Streptococcus faecalis, subsequent-
ly designated S. faecalis AB, required uridine
or other pyrimidine nucleosides and nucleo-
tides for optimum early growth. In that
study, the authors used a basal medium con-

Louis, Mo.

taining free purine and pyrimidine bases to
obtain maximum growth response to uridine.
Snell et al.(2-4) reported that purine and
pyrimidine bases had no stimulatory effect on
the growth of S. faecalis, while Barton-Wright
(5) and Luckey et al.(6), without discussion
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of specific requirements, included these com-
pounds in a basal medium for microbiological
assays with this organism.

In order to determine whether the inclusion
of uridine in the medium modified the utiliza-
tion of other pyrimidines or purines by S.
faecalis AB, a more detailed study of purine
and pyrimidine requirements was undertaken.

Experimental. The materials and methods
used are similar to those described previously
(1) except that all purines and pyrimidines
were omitted from the basal medium. Indi-
vidual nucleic acid derivatives* were added
to the culture tubes separately and with
uridine in order to compare growth responses
in each case. Supplements were assayed at
five levels ranging between 0.7 x 10> M and
7.4 x 10~ M. Since no inhibition of growth
was noted with more than the optimum
quantity of supplement in the basal medium,
the concentration selected for the presenta-
tion of comparative data is that (3.7 x 10
M) which produced the maximum response
with the least active compound. In a pre-
liminary analysis and purification by methods
of Cohn(7) and Carter(8), it was found that
only guanine and guanylic acid showed a
difference in microbiological response between
the commercial and purified preparations.
Therefore, with the exception of guanine and
guanylic acid. commercial products were used
in subsequent experiments without further
purification. Growth in triplicate tubes was
determined turbidimetrically and the average
reading recorded at incubation times which
showed maximum differences in growth rates,
usually 16 and 24 hours at 30°C.

Results. The data obtained from the addi-
tion of individual purines and pyrimidines to
the synthetic basal medium are shown in
Table I. Of the compounds tested, none of
the purine bases or their ribosides and ribo-
tides gave a significant increase in growth as
compared to the basal medium. Of the
pyrimidine bases tested, only orotic acid
stimulated growth while all of the pyrimidine
ribosides and ribotides stimulated growth

* Cytosine supplied by Dougherty Chemicals,
orotic acid supplied by Sharp & Dohme; all others
supplied by Schwarz Laboratories.
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TABLE 1. Comparative Growth Responses of 8.
faecalis AB to Purines, Pyrimidines and Related
Compounds. 23 hr incubation at 30°C.

Supplement Growth: optical

(3.7 X 10-5 molar) density X 100
None 11.5
Adenine 114
Guanine 121
Adeninc 4 guanine 13.1
Hypoxanthine 10.3
Thymine 14
Cytosinc 12.6
Orotic acid 21
TUraeil 13.2
Uracil 4 adenine + guanine 12.9
Uraeil 4 xanthine 4 eytosine 12
Xanthine 12.1
Adecnosine 111
Guanosine 13.8
Uridine 21.4
Cytidine 19.8
Thymidine 13.5
Adenylic acid 11.2
Guanylie acid 12.2

Uridylic acid 22
Cytidylic acid 21.2

TABLE [L. Growth Response of 8. faccalis AB to
Combinations of Purine and Pyrimidine in Pres-
ence of Uridine, Incubation at 30°C.

Growth: optical
density X 100
16 br 24 hr

Supplement®
(3.7 X 10-3 molar)

None 1.2 12.2
CUridine 5.2 374
" 4 extosine 4.9 36.2
»? 4 thymine 4 35.7
77 4 uracil 5.3 36
7 4 7 4 eytosine 12.5 36.1
<+ xanthine
Tridine+ uracil + extosine + 16.2 36.2
xunthine4adenine+guanine
Uridine 4+ adenine 16.2 39.2
’? 4 guanine 16.1 38
’7 4 hypoxanthine 18.2 39.5
'+ xanthine 14.3 39.4
77 4 adenosine 16 374
’7 4 guanosine 15.8 38.2
’7 4 adenylic acid 12.2 39.2
7 4 guanylic acid 13.9 39.6

* Uridine added at a level of 2 ug per tube (ap-
proximately 8 X 10-7 molar).

above that obtained with the basal medium.
The growth responses obtained with uridine
in combination with purines and pyrimidine
bases are listed in Table II. It is apparent
during early growth (16 hours at 30°C) that
all the purine compounds tested show a syner-
gistic action in the presence of uridine and in-
crease growth significantly above that ob-
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TABLE III. Comparative Growth Responses of S.
faecalis AB to Varying Coneentrations of Uridine
and Orotic Acid. 16 br imcubation at 30°C.

Growth: optical

Supplement pg/tube density X 100
Tridine 2 16.2
” 1 127
e 2 4.4
Orotic acid n 16.4
oo 3 118
oo 1 4.5

tained with uridine alone. No synergism was
observed with the pyrimidine bases tested.

Orotic acid can replace uridine although
it is less active than uridine as shown in
Table IIT. The amount of orotic acid required
for equivalent growth is approximately $-fold
greater than uridine on a molal basis.

Discussion. Since S. faccalis AB maintains
approximately 309, maximum growth at 24-
hour incubation when repeatedly subcultured
in a synthetic medium containing no purines
or pyrimidines, it appears that the organism
can synthesize these compounds at limiting
rates.

It has been demonstrated that pyrimidine
ribosides and ribotides increase the rate of
growth of the test organism. while the free
bases with the exception of orotic acid. are
not utilized for growth. It has also been
shown that purines further increase the rate
of growth in the presence of uridine. This
synergism is contrary to the findings of Loring
and Pierce(9) who observed that the growth
of a mutant strain of Neurospora requiring
uridine or cytidine was inhibited by a molal
equivalent quantity of adenosine.

Accepting the general view that purines and
pyrimidines are incorporated into nucleic acid
by separate metabolic pathways(10-12), the
synergism between purines and pyrimidine
ribosides or ribotides suggests that growth is
initially limited by the slower rate of uridine
synthesis. and that the increased growth rate
in the presence of adequate uridine again be-
comes limited by inadequate synthesis of
purines.

Hammarsten and coworkers(13.14) and
Mitchell and Houlahan(15.16) have postu-
lated alternative pathways of pyrimidine syn-
thesis. Using relative activity or utilization
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of a metabolite as a basis for postulating the
sequence of intermediates in biological syn-
thesis, the data presented here indicate that
orotic acid is a precursor of uridine. Similarly,
the observation that uridine is most readily
utilized (1) suggests that it is the immediate
precursor for nucleic acid pyrimidines.

Paege and Schlenk (17) have discussed pos-
sible reaction .schemes involving orotic acid
in pyrimidine metabolism. They were unable
to demonstrate either direct decarboxylation
of orotic acid to uracil or the formation of
orotic acid riboside by enzymes of Escherichia
coli. In our work with S. faecalis AB, it
appears that orotic acid (or its riboside) is
the probable intermediate decarboxylated
since uracil cannot replace either orotic acid
or uridine. A recent publication by Michelson
et al.(18) reporting the isolation of orotic acid
riboside from Newrospora gives further sup-
port to the theory that the biosynthesis of
uridine. in some species at least, does not in-
volve a direct coupling of ribose to uracil.

Summary. (1) A study was made of the
purine and pyrimidine requirements for maxi-
mum rate of growth of a strain of Streptococ-
cus faecalis. (2) Orotic acid, though less
active, will replace uridine in promoting opti-
mum early growth. (3) All of the purine
compounds tested showed no growth stimula-
tion per se, but provided a synergistic increase
in growth rate in the presence of uridine. (4)
The implications of these results for pyrimi-
dine metabolism are discussed.

The authors wish to express their appreciation for
the technical assistance of Mrs. Jean Eggemeyer and
Mr. John J. Kurusz.

1. Hoffman, H. A, and Pavcek, P. L., J. Am.
Chem. Soc., 1951, in press.

2. Henderson, L, M., and Snell, E. E, J. Biol.
Chen., 1948, v172, 15.

3. Snell, E. E.. and Mitchell, H. K., Proc. Na!.
Acad. Sc., 1941, v27, 1.

4. Rabinowitz, J. C., and Snell, E. E,, J. Biol.
Chem., 1947, v169, 631.

5. Barton-Wright, E. C., Analyst, 1946, v71, 267.

6. Luckey, T. D., Briggs, G. M., Moore, P. R,
Elvehjem, C. A., and Hart, E. B, J. Biol. Chem.,
1943, v161, 395.

7. Cohn, W. E, J. Am. Chem. Soc., 1950, v72,
1471,



CORTISONE AND ANTIGONADOTROPHIN

8. Carter, C. E., Ibid., 1950, v72, 1466.

9. Loring, H. S., and Pierce, J. G., J. Biol. Chem.,
1048, v176, 1131.

10. Heinrich, M. R., Wikon, D. W,, and Gurin,
S., Fed. Proc., 1949, v8, 205.

11. Potter, V. R., and Heidelberger, C., Physiol.
Rev., 1930, v30, 487.

12. Brown, G. B., Fed. Proc., 1930, v9, 517.

13. Arvidson, H., Elliasson, N. A., Hammarsten, E.,
Reichard, P., and Ubisch, H. V., J. Biol. Chem.,
1949, v179, 169.

737

14, Hammarsten, E., and Reichard, P., Ibid., 1950,
v183, 105.

15. Mitchell, H. K., and Houlahan, M. B., Fed.
Proc., 1947, v6, 306.

16. Mitchell, H. K., Houlahan, M. B., and Nyg,
J. F., J. Biol. Chem., 1948, v172, 525.

17. Paege, L. M., and Schlenk, F., Arch. Biochem.,
1950, v28, 348.

18. Michelson, M. A., Drell, W., and Mitchell,
H. K., Proc. Nat. Acad. Sc., 1951, v37, 396.

Received November 1, 1951. P.S.E.B.M,, 1951, v78.

Lack of Effect of Cortisone on Inhilbitory Action of Antigonadotropic Sera.
(19200)

Roy HerTz aAND WiLLiaAM W. TULLNER.
From the National Cancer Institute,* Bethesda, Md.

Numerous clinical and laboratory reports
have indicated that cortisone and pitui-
tary adrenocorticotropin (ACTH) may affect
normal immune responses by altering the nor-
mal interaction between antigen and anti-
body(1-4). ’

The formation of an antigonadotropic sub-
stance in the serum of patients and laboratory
animals after prolonged injection of pituitary
gonadotropic extracts has been extensively
studied(5). The exact relationship between
this antigonadotropic substance and other
tvpes of antibodies is as yet obscure(6). In
view of the recent observations suggesting an
alteration in antigen-antibody reaction by
cortisone, we have tested the effect of this
compound upon the inhibitory properties of
potent antigonadotropic sera.

Several batches of a concentrate of hog
pituitary gonadotropin, prepared according to
the method of Meyer and McShan(7), were
employed as antigen. Young female sheep
were injected subcutaneously daily with 200
mg of this powdered antigen in saline suspen-
sion for 700 days. Serum was prepared in
the usual manner and stored in the frozen
state until used.t

The same pituitary preparations used as

* National Institutes of Health, U. S. Public Health
Service, Federal Security Agency.

antigen were also employed in testing the in-
hibitory potency of the sheep serum. For this
purpose, weanling female rats of the Holtzman
strain were given subcutaneously 3.3 or 5 mg
of the antigen in 0.5 cc water daily for 3 days.
A saline suspension of cortisone acetate (0.25
cc) was administered subcutaneously daily for
5 to 11 days beginning 2 to 8 days before the
administration of the antigen or antiserum.
The antisera were administered subcutane-
ously daily at a dosage of 0.5 cc or 1 cc as in-
dicated in Table I. All animals were autop-
sied 24 hours after the last injection.

The data in Table I show that both sheep
sera employed were highly effective in sup-
pressing the gonadotropic response in the test
rats. The addition of cortisone, even when
administered for as much as 8 days prior to
the antisera did not reduce the inhibitory
effect of the antigonadotropic sera. Thus,
there appeared no interference with expected
interaction between antigen and antiserum as
suggested by other studies.

Summary. Cortisone administration did
not interfere with the antigonadotropic effec-
tiveness in the rat of inhibitory sheep sera

t We are very much indebted to Dr. W. H. McShan
for the preparation of the antigen and to the Re-
search Staff of the Upjohn Co. for the preparation
of the sheep antisera.



