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HE catabolism of histidine is mediated by
the specific enzyme histidase,1 which occurs
in animal livers (especially cat liver), and
also in the bacterium Pseudomonas fluorescens.®
The presence of histidase in plants has no<
been reported. By the action of liver histi-
das2, histidhne is hydrolytically decomposed into
ammonia, and a product, which on treatment
with strong alkali or acid, yields a molecule of
glutamic acid, one molecule of formic acid, and
one- more molecule of ammonia.l Thus gluta-
mic acid or a derivative of it, is a product of
the decomposition of histidine Subseguent in-
vestigations (reviewed by Tabor’) hawve estab-
lished urocanic acid, La-formamidinoglutaric
acid, and N-formyl glutamic acld as wnter-
mediates in the conversion of histidine to gluta-
mic acid, formic acid and ammonilad.

Since the decomposttion of histidine gives
rise to formic acid, a single carbon unit, the
vitamins, p-aminobenzoic acid and folic acid
may be expected to take part in the degrada-
tion of histidine. Recently, Tabor and colla-
horators* have reported that feeding of histi-
dine to folic acid-deficient rats increases the
urinary excretion of a compound, which, on
decomposition, gives a molecule each of glu-
tamic acid, formic acid, and ammonia. This
compound has now been identified tc¢ be o-
formamidinoglutaric acid.? Our previous Inves-
tigations® have shown that, during germination
of greengram seeds (Phaseolus radiatus), the
addition to the growth medium, of sulphanila-
mide, an antivitamin for p-aminobenzoic acid,
produces an accumulation of histidine, due
presumably to an 1nhibition of 1ts catabolism.

With the availability of histidine labelled with
Cl4 1n the e-carbon atom from the Tracerlab

Inc., Boston, the degradation of histidine In
germinating seeds, 1is possible conversion to
glutamic acid, the mhibition by sulphanilamide
of this conversion, and also the dquantitative
significance of this conversion in the overall
metabolism of histidine have been investi-

gated,
EXPERIMENTAL,

The experiment consists essentially in germi-
nating greengram seeds with radioactive histi-
dine in the medium, isolating the glutamic acid
as the hydrochloride, and histidine as nitra-

nilate from the seedlings, and measuring the
radioactivity In them.

25 2. of greengram seeds divided into five
5 g. lots were used for the germination. EKach
lot, after surface sterilization with 0-1% HgCl,
solution and washing, was allowed to germi-
nate inside a sterile 11 cm. petri dish caontain-
ing a filter circle, and the sterilized medium.
The medium consisted of 1-232 mg. of radio-
active histidine, with an activity equal to
4-31928 x 106 c.p.m., and sterile water to 24 ml,
which is just enough for 72 hr. germination.
Germinations were carried out In a sterile
chamkter in diffuse light for 72 hr. at room tem-
perature, which wvaried between 28 to 31°C.

Similar germinations with medium contain-
ing sulphanilamide also (6404g./24ml.) were
conducted simultaneously to study the effect of
sulphantlamide,

At the end of the germination, the seedlings
as well as the petri dishes were washed, and
the activity In the collected washings was
determined. The seedlings were then hydrolysed
with 6 N HCIl for 22 hr., the excess HC] was
removed by distillation in wacuo, the solution
was diluted to precipitate out the humin, and
then made up to a known volume. A sample
of this solution was removed for the estima-
tions of the amino acids, histidine according to
Macpherson? and glutamic acid according to
Meister, Sober and Tice,8 as well as the total
radicactivity after suitable dilution. The rest
of the solution was used for the isolations. Car-
rier histidine (400 mg.) was added to facili-
tate the isolation of radioactive histidine.

From this solution, glutamic and aspartic
acids were precipitated as their barium salts
by Foremann-precipitation,® and the glutamic
acid then separated as the hydrochloride accord-
ing to conventional procedures given by Block
and Bolling.}? The glutamic acid hydrochloride
was purified by repeated reprecipitations to
constant activity. From the solution remaining
after Foremann-precipitation, the barium was
removed as sulphate, the solution acidified
strongly with nitric acid, and then excess of
silver nitrate solution added. The precipitated
silver chloride was removed and the pH of
the solution then adijusted to 7-4 with barium
hydroxide solution, to precipitate the histidine
as the silver salt. The histidine-silver salt was
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then converted inte pure histidine nitranilate,
following closely the details given by Block and
Bolling.19 Radiloactivity measurements -were
carried out with 0-1mg. samples spread out as
uniform thin layers in stainless steel planchets,
2:4cem. in diam., with a windowless gas-flow
counter, connected to an autoscaler and an
Fagle Present Counter. All counts were taken
with a probable statistical error not exceed-
ing 2%. No corrections were made for self-
absorption.

RESULTS AND DISCUSSION

TasLE I

Distribution of radioactivity in greengram seeds
germinated with e-Cli-lgbelled histidine in the
medium, for T2 hr,
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Sulphanilamide
Control treated
Activity supplied as 2064 x 107 2064 X 107
histidine C.p.m. c.p.m.
Activity in washings .. Negligible Negligible
Activity in the hydroly- 1-168 X 107 1.506 X 107
sate cpm, c.p.m,
Activity of histidine in 1.164 x 107 1-424 % 107
the seedlings c.p.m, c.pm
Degradation of histidine 436 31:0
as /4 of activity supplied
Activity in glutamic acid  3.873x10*  2.148x10*
Cp.m. ¢ p.m.
Activity in glutamic acid  .1634 0. 104!

as 7, of total activity

.

It will be seen from Table I that, under nor-
mal conditions, there is a degradation of histi-
dine 1o the extent of 43:69% in 72hr. On the
other hand, chemical determinations of histi-
dine in the ungerminafed seeds and 72. hr.-
germinated seedlings actually point to a net
synthesis of histidine to the extent of about
19% . This would mean that, during 72 hours’
germination, there is a degradation of histi-
dine by about 43:6%, and a concomitant syn-
thesls of about 62:6%, resulting in the observed
net synthesis of 19%. Histidine, then, is in a
mefabolically active state in germinating seeds.
Similar results have been obtained with gluta-
mic acid also.ll While estimations of glutamic
acid in the ungerminated seeds and 72 hr.-
germinated seedlings showed a net fall in glu-
tamic acid of only 35%, isotopic investigations
revealed a degradation amounting to no less
than 95%, pointing 1o a concomitant synihesis
of about 60%, and hence to the high metabolic

activity of glutamic acid in germinating seeds.

Histidine e Germinaiing Seeds
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The investigations with these amino acids sug-
gest, that other aminc acids 1t0o, are probably
in a metabelically aclive state, undergoing both
degradation and synthesis at the same {ime.

The glutamic acid isolated has been found
to be radicactive. Thus, there is a conversion
of histidine to glutamic acid in plants also, even
as in animalsl and bacteria.? When sulpha-
nilamide is added to the ma2dium, there is a
greater retenfion of radicactivity, and a lesser
degradation of histidine. Sulphanilamide, thus,
inhibits the catabolism of histidine, At the
same time, there is a decrease in the radio-
activity of glutamic acid. This suggests that
sulphanilamide inhibits the conversion of his-
tidine to glutamic acid.

While this conversion seems to be an estab-
lished one, a comparison of the aclivities in
histidine and glutamic acid throws doubt as to
the 1mportance of this conversion as a major
pathway of histidine metabolism in this spe-
cies. A loss of 43-6% of the lotal activity in
histidine is accompanied by a gain In gluta-
mic acid of only 0-1634¢. An accumulation
of 12-6% of total activity in histidine by sul-
phanilamide inhibition is accompanmied by a
loss of only 0-0393% of total activity in gluta-
mic acid. Thus, the changes in the radioacti-
vity of glutamic acid are only minor fractions
of the changes in the =zctivity of histidine. As
such, this conversion does not seem to be a
major pathway in the metabolism of histidine,
even when due allowance is made for the rapid
catabolism of glutamic acid during germina-
tion 1!
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