APprIiL 12, 1940

pounds decrease or destroy the potency of all gonado-
trophins thus far investigated.
H. L. FRAENKEL-CONRAT
Miriam E. Simpson
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BERKELEY
THE SYNTHESIS OF PHOSPHOPYRUVIC
" ACID ON OXIDATION OF LACTIC
ACID

Ter formation of pyruvie acid from phospho-
pyruvic aeid, and its further conversion into laectic
acid, are well-studied stages of the anaerobic decom-
position of carbohydrates, whereas the reversal of
these reactions has not yet been fully investigated.®

It is known that lactic acid on oxidation yields
pyruvie acid, whose further course of aerobie decom-
position is known. We have established that pyruvie
acid produced by the oxidation of lactic acid ean be
phosphorylated, giving rise to phosphopyruvie acid.
The synthesis of phosphopyruvie acid has been effected
in mineed muscle tissue by adding to it sodium lactate
with a good supply of oxygen. Along with the syn-
thesis of phosphopyruvie acid there is a decrease in
the amount of inorganic phosphate. The presence of
phosphopyruvie acid was recognized by its instanta-
neous splitting in the presence of mercury ions, and
also from its splitting by iodine in alkaline medium,
giving rise to iodoform and inorganic phosphoric acid.
As an example we may report the results of one of our
experiments.

The muscle of a cat was minced by means of
seissors. Out of this homogeneous mass the following
samples were taken:

Sample A: 20 g of tissue incubated for 90 min. at
40° C. with a good supply of oxygen in 50 ce of 2
per cent. NaHCO; prepared from m/10 sodium lae-
tate + 10 cc H,0 + 40 mg KH,PO, (0.45 mg per 1 g of
tissue).

Sample B: Prepared as sample A + 0.1 g of NaF.

Sample C: 20 g of tissue incubated for 90 min. at
40° C. in 2 per cent. NaHCO,. '

Sample D: Control sample, without ineubation. 20 ’

g of tissue were placed in a 7 per cent. solution of
trichloracetic acid. .

After the incubation the proteins were precipitated
with 20 cc of 25 per cent. trichloracetic acid. Filtra-
tion and analyses were carried out after 20 hours
standing in the refrigerator.

Phosphopyruvic acid is absent in samples C and D.
It must therefore have been absent from the tissue
in its preformed state. Nor did it accumulate during
the incubation without the addition of sodium lactate
and without oxygen supply.

* Editor’s note: Compare, however, the papers of Mey-
erhof, Ohlmeyer, Gentner and Maier-Leibnitz (Bioch. Z.,
298: 396 (1938) and Green, Needham and Dewan, Bioch.
J., 31: 2327 (1937). '
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TABLE 1
IN MG OF HsPOs+—P PER 1 G OF MUSCLE TISSUE
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A 036 077 093 098 0. 0.89 0.02 0.20

B 027 032 038 041 041 118  0.05 0.15
C 1b7 1.63 1.63 171 171 .. 0 0
D 1.00 1.33 1.38 1.38 138 - . 0 0

Sample A shows a considerable eontent of phospho-
pyruvie acid. The amount of aeid actually formed in
this sample is much larger than what may be inferred
from the figure tabulated, as phosphopyruvie acid is
in enzymatie equilibrium with phosphoglyceric acid
(aceording to Meyerhof and Lohmann’s! data, equilib-
rium in enzymie solutions at 20° C. is established at
29 per cent. phosphopyruvic acid and 71 per cent.
phosphoglyceric acid). The decrease of the amount
of the inorganiec phosphate, and the accumulation of
phosphate stable toward hydrolysis in nHCL, indicate
that phosphoglyceric acid was formed along with
phosphopyruvic acid.

The formation of phosphopyruvie acid in sample B
is particularly conclusive. It is known that NaF
blocks the reaction: Phosphoglyceric acid £5 phospho-
pyruvie acid. This rules out the possibility of phos-
phopyruvie acid being a product of the decomposition
of glycogen under our experimental conditions.

In 1924 Embden and his co-workers? observed the
decrease of inorganic phosphate on incubating a
mineed muscle tissue in the presence of lactate. They
believed the anions of the lactic acid to possess a spe-
cific power for inducing the synthesis of hexosephos-
phate (“lactacidogen”) in musecle. The ineorrectness
of this early opinion was proved by one of us (D.F.),?
who found that a muscle tissue yields on incubation
in lactate a compound which hydrolyses in nHCL in
30 min. and does not reduce K;Fe (CN),. The data
now obtained have elucidated the nature of the phos-
phoric compound thus produced by a muscle tissue on
incubation in lactate.

There are reasons to -think that lactate is not the
only substrate for the synthesis of phosphopyruvie
acid. Evidence of this is afforded by the investiga-
tions of Kalekar,* who observed the formation of phos-
phopyruvie acid in renal tissue on oxidation with malie
acid.

1 Meyerhof and Lohmann, Biochem. Z., 273: 60, 1935.

2 Embden and co-workers, Z. Physiol. Chem., 143, 1924,

3 Ferdman, Z. Physiol. Chem., 187: 160, 1930.
¢ Kalckar, Biochem. Jour., 33: 631, 1939.
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The significance of this process for the production
of phosphopyruvic acid by the oxidation of lactic acid,
and the mechanism of the phosphorylation, are being
studied.

D. L. FErDMAN

S. F. EpsTEIN
THE FIRST MEDICAL INSTITUTE OF CHARKOW

CHEMOTHERAPY IN EXPERIMENTAL IN-
FECTIONS CAUSED BY STREPTO-
BACILLUS MONILIFORMIS °

STREPTOBACILLUS moniliformis is constantly asso-
ciated with a pleuropneumonia-like organism® which
may represent a phase in the life history? of the Strep-
tobacillus moniliformis. ‘In view of a report that gold
compounds are effective against infections produced
with certain pleuropneumonia-like organisms in rats
and mice,® it was considered of interest to see whether
or not these compounds would also affect experimental
infections induced by Streptobacillus moniliformis.
Such has proved to be the case. '

The intra-abdominal injection of Swiss mice with
moderate amounts of virulent young cultures of Strep-
tobacillus moniliformis causes septicemia resulting in
death, usually in from one to three days. The injection
of minute amounts of virulent cultures or moderate
amounts of old or attenuated cultures frequently ecauses
arthritis involving one or more joints. The virulence
of cultures is subject to fluctuations, so that all thera-
peutic experiments must be well controlled. The
microbes used in these experiments were contained in
young cultures grown on veal infusion broth contain-
ing 20 per cent. horse serum. Swiss mice weighing
approximately 20 gm were used and were found to be
more susceptible to the infection than a strain of white
mice of mixed origin. The gold preparation used was
gold sodium thiomalate (myochrysine), which was
administered intramuscularly in one dose, usually at
the time of the injection of the bacterial culture. A
single dose of 0.25 gm of the drug per kilogram of
weight of the mouse, administered at the time of injee-
tion of the microbic culture, or twelve hours before or
after, was effective in protecting against from 100 to
1,000 times the least amount of culture necessary to
cause death in four out of five mice within three days.

Individual experiments consisted in the intra-
abdominal injection of a given amount of bacterial
culture into ten mice and treating five of these mice
with the aforementioned drug. The mice were observed
for at least twelve days after injection.

In one series of experiments involving 120 mice, the

1 Emmy Klieneberger, Jour. Path. and Bact., 42: 587,
1936.

2 Louis Dienes, Jour. Infect. Dis., 65: 24, 1939,

8 &. M. Findlay, R. D. Mackenzie, F'. O. MacCallum and
Emmy Klieneberger, Lancet, 2: 7, 1939.
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dose of the organism was such that of the sixty un-
treated mice, fifty-six died and one was afflicted with
arthritis. Of the sixty treated animals, only two died
and four were afflicted with arthritis. The dosage of
drug in this instance was 0.25 gm per kilogram of
weight of the mouse. The amount of the gold prepara-
tion used appears to be rather large, but it was well
tolerated by the mice.

In another set of experiments involving thirty mice,
the amount of drug was reduced to 0.025 gm per kilo-
gram of weight of the mouse. In this series thirteen
of the fifteen untreated mice died, whereas of the
fifteen treated mice, four died and six were afflicted
with arthritis.

Four different strains of Streptobacillus monili-
formis were used in these experiments. One of these
strains was isolated from the blood of a patient who
recently had rat-bite fever and the other three strains
were isolated from rats. There was no noticeable dif-
ference in the therapeutic effectiveness of the gold com-
pound on the infections experimentally produced by
the use of these different strains.

The in wvitro effect of the gold compound on the
growth of the Streptobacillus moniliformis was found
to be slight as compared with the in vivo activity of
the compound. Twenty per cent. serum-veal infusion
broth containing 0.125 per cent. of the gold compound
caused a twenty-hour delay in the appearance of
growth. When the broth contained 0.25 per cent., the
final growth was decreased by one half. This drug
caused some precipitation of the proteins of this
medium, which may explain the effect on the growth
of the mierobe. v

The organism was found to grow well in a medium
consisting of soluble starch, proteose peptone and a
number of salts. This medium contained much less
protein than did the serum-veal broth and in this
instance a concentration of the gold salt to 0.01 per
cent. floceulated the medium and inhibited growth.

No therapeutic result was demonstrable with neo-
arsphenamine. In various experiments the drug was
administered in amounts of 0.015 and of 0.03 gm per
kilogram of weight of the mouse. It was administered
by intravenous and by intra-abdominal injection, in
some instances at the time of injection of the bacterial
culture and in some instances six hours later.

Attempts to proteet mice against experimental in-
fection by the administration of sulfapyridine in the
food were unsuccessful.*® Mice were placed on a
diet of ground food mixed with 0.5 per cent. sulfapyri-
dine for twelve, twenty-four and forty-eight hours
before injection of the bacterial culture. In experi-

4 R. N. Bieter, W. P. Larson, E. M. Cranston and M.
Levine, Jour. Pharmacol. and Exper. Therap., 66: 3, 1939.

5 J. Litchfield, White, H. and E. Marshall, Jour. Phar-
macol. and Exper. Therap., 66: 23, 1939.



