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INTRODUCTION

It has been recently shown by El.Shishiny and Nosseir ( unpublished
work ) that certain dicarboxylic acids figured in the krebs cycle, when sup-
plied together with ammonium salts to earrot root disks, exert a marked
influence upon the course of the metabolic reactions of the tissues. In
control samples cultured in ammouium salt eolutions, a consideralle part of
the ammonia absorbed is recovered as amide— N, mainly glutamine.
However, if oxalacetate, fumarate, malate, sucecinate, or o — ketoglutarate
is acquired from the cultore solution, the formation of glutamine was greatly
stimulated. Reasons have been advanced by Chibnall (1), and Vickery &
Pucher (14 ) for the azsumption that the specific precursors of asparagine
and glutamine are respectively oxalacetic and «a -— ketoglutaric acids which
arise as intermediary products in carbohydrate metabolistn.  Carrot raot
disks ohviously contain enzyme systems that provide for rapid and extensive
metabolic transformation of the organie acids present or introduced into

the cells.

A further series of cxperiments is described in the present paper. These
were carried out in order to extend the observations to include aspartic acid.
and pitrate —N. Disks of sweet potato tubers were employed, and tests
were accordingly made to see whether the effect of added acids was similar
to that observed earlier. Potato tuber is selected because of its availability
in the garden of the department and also because it represents a species with
a moderately intense glutamine metabolism, El-Shishiny (2 ).
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MATERIAL AND METHODS

The technique of the disk eulture experiments was the same as in the
- earlier work described by El-Shishiny (2 ), and El-Shishiny & Nosseir (3 ).
A stock of disks sufficient for each experiment was prepared from sweet
potato tubers variety « Balady » grown in the botanic garden of the Faculty.
About twenty grams of diske taken at random (40 diske) were used for
each treatment. The samples after being washed for 48 hours in aerated
distilled water, El-Shishiny ( 2 ), were transferred into 350 ml. cultpre solu-
tion kept at 25°C. ( £ 0.1°C.) in a constani-temperature water bath. A
current of CO.— free air was passed through each culture solution at a
constant rate of 4 liters per hour to serve for aeration and (or the determina-
tion of CO, output.  After a culturing period of 24 hours, the disks were
drained, washed séveral times with distilled water, and analysed for the
final distributiou of the various nitrogenous fractions. The medium, to-
gether with the washings were made to a convenient volome and analysed
for organic and inorganic nitrogenous fractions. The analytical methods
for the determination of the various nitrogenous fractions were those long
in mnse in this lahoratory and described by El-Shishiny ( 2 ), and El-Shishiny
& Nosseir (3 ).

Two experiments were carried out following the same technique. The
results were fully consistent with those swmmarized in tables ¥ A and I B.
In each experiment, twelve samples after being washed for 48 hours were
transferred into cultnre vessels ach containing 350 ml. of strilized distilled
water or culture solution according to the following scheme : samples 1 & 2
distilled water; 3, ammonium chloride; 4, potassium nitrate; 5, NH, Cl <+
fumarate; 6, KNO; -+ fumarate; 7, NH, Cl 4+ malate; 8, KNO, + malate:
9, NH, Cl - succinate; 10, KNO; -+ succinate; 11, NH, Cl + asparate; 12,
KNO, + asparate. The concentration of anmonium chloride and potassium
nitrate was 0.005 M, while that of organic acid salts was 0.0025 M.

Chemicals used : Aspartic acid of highest purity was purchased from
L. Light & Co. Ltd. The other chemicals were purchased from the B.D.H.
The organic acids were neutralized with KOH to pH 7 hefore they were
supplied to the tissues.

RESULTS AND DISCUSSION

Effects of dicarboxylic acids figured in the krebs cycle and of a.spnrnc
acid upon the upteke and utilization of ammeonium and nitrate:N :

The data depicted in table I B chow the u_ptske and utilization of am-
monium - and nitrate - N, in mg. nitrogen, by 100 g. of sweet potato tuber
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disks cultured in 0.005 M ammonium chloride and in 0.005 M potassium
nitrate alone and with asparate, fumarate, malate or succinate. The results
reported in this table show that 68.03 mg. ammonium — N and 74.69 mg.
nitrate — IN were removed in 24 hours from the single salt solutions of 0.005
M ammonium chloride and potassium nitrate respectively. When ammonium
chloride and potassium nitrate were the only sources of nitrogen, the rate of
ammoninm assimilation exceeded very much the rate of nitrate assimilation
since 98.7 per cent of the absorhed ammonium — N and only 61.6 per cent
of the absorbed nitrate — N were changed into organic nitrogen. Thus the
ammonium nitrogen was very rapidly mnetabolised and did not accumulate
in the cells. On the other hand, nitrate — N utilization is slower and nitrate
accumulates and reaclies high levels in the cells of sweet potato disks.

Culturing sweet potato tuber disks on ammonium chloride with fuma-
rate, malate or succinale brought about increases in the rates of ammoni-
um — N uptake and assimilation. There results only 7.09%, 9.7%, and
7.4% increase in ammonium — N uptake and the rate of ammonium aszimil-
ation was similarly inereased by 6.5%%, 9.6%, and 6.6 % respectively over the
control in ammmonium chloride. This might be due to the large amonnts of
ammonia — N removed from the culture solution of ammonium chloride
alone. The increase in the rate of ammoniuom assimilation and the distur-
bance of the metabolic activity when organic acids were prescnt in the
external medium indicatc that these acids were acquired from the external
media by the cells and there underwent metabolic transforations. Pucher
& Vickery (10 ) showed that all of the individual members of the krebs
tricarhoxylic acid cycle that were tested entered the cells of tobacco leaves
during the culture in their potassium salt solutions and exerted a marked
influence on the course of metabolic reactions of the tissnes,

On the other hand, asparate expressed a depressing effect on the uptake
and on the assimilation of ammonium-—N by sweet potato tuber disks.
When asparate is given in the cultnre solution with ammoninm chloride,
the uptake of ammonium —N was decreased by 38.99, and the ammoni-
um — N assimilation was also dccxeased by 44.9% as compared by uptake
and assimilation of the control disks cultured in ammonium chloride alone.

Similarly, asparate and fumarate exerted depressing efects on the up-
take of nitrate — N from potassium nitrate culture media by 39.4% and
10.4% respectively, while malate and succinate werc without remarkable
effects. Nitrate — N assimilation was also depressed since decreases of
33.2%, 23.0%, 6.7 , and 9.1 % were chown consequent to addition of aspa-
rate, fuinarate, malate, and snceinate respectively to KNO, in the external
media. The differential effect of the different acids on ammonium -and
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nitrate — N uptake hy sweet potato tuber disks might be due to their specific
effects on the permeability as well as on the metabolism of the tissues.

Effects of ammonium aend nitrate salts with some possible asparagine
precursors of the krebs cycle on the distribution of the various nitrogenous
fractions :

The changes in the distrihution of the various nitrogenous [ractions in
the disks of sweet potato roots treated with ammonium chloride or potassiuin
nitrate with asparate, fumarate, malate, or succinate were depicted in table [
A. The first three columns show the composition of the samples cultured
in water, NH,Cl, or KNO, to serve as controls to assist in judgements of the
relative magnitude ol the changes that occurred as a result of the presence
of the organic acids used. The subsequent columns sliow the changes in
composition brought about by the different treatments. The units being
mg. N computed for a sample that weighed 100 g. at the start.

Table I A shows that ainides are formed and accumulated in tissues
cultured in armmonium chloride in response to the increase of the level of
atumonium — N in the cells. The presence of fuinarate, malate, and suc-
cinate stimulated ammonium assimilation and increased the level of amides
and amino acids in the tissues. The increase in the amides is mainly due to
glutamine. Even, when the equilibrium of amino acids was one sidedly
disturbed by feeding sweet potato root tiszues with aspartate and ammeonia,
‘glutamine considerably increases as also shown for ecarrot root tissues by
El-Shishiny and Nosseir (4). The primary formation of glutamine even
when aspartic acid is supplied to the tissues proves that there must be, in
the plant cells, either a very active deaminase system or the amine group of
aspartic acid must first he transferred to o-ketoglutaric acid and the for-
med glutamic acid is then amidated. Rautanen (11 ) showed that glutamic
acid and glutamine appreciably increase during the uptake of aspartic acid
by pea seedlings. He suggested the central importance of «-ketoglutarie
acid 0s o primary acceptor of ammonia. Evidence of 'a primary synthesis
of plutamine is supported by the investigations with N** on barley roots by
Yemm Willis (17 ). Moreover, El-Shishiny (2 ) has shown that the amide
metabolism in sweet potato roots is mainly glutamine metabolism,

It has been recently shown by El-Shishiny & Nosseir ( unpublished
work ) that oxalacetate, fumarate, malate, or succinate, when acquired to-
gether with ammonium — N by carrot root disks from the culture solutions,
stimulated greatly glutamine formation. The difference in response of vari-
ous species to impressed conditions that provide the inercased concentration
of ammonia in plant cells have been interpreted by Vickery & Pucher (14 )
in terms of relative availability of the non-nitrogenous precursors required
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for the synthesis of the respective amides which arise in the transformation
of organic acids during respiration. The results obtained for sweet potato
roots in the present investigation as those recently obtained for carrot roots
afford no conclusive evidence in favour of this postulate.

The maintenance of positive amino acid, amide and protein balance
consequent to feeding sweet potato tuber disks witb ammonium — N to-
gether with fumarate, malate, or succinate suggest the effective absorption
and utilizaion of these compounds in ansbolic reactions leading to glutamine
accamnlation. It seems therefore, that if such a cycle as that derived by
Chibnall (1) from krebs and Johnson’s eycle (7) could be operative in
sweet potato tober disks, then under conditions such that ammonia is ac-
cumulating, «- ketogulutaric acid might be withdrawn from the respiratory
cycle for the synthesis of glutamine, while a emall fraction of exalacetic acid
prodiced via interconversions of the acids used ( Green, 5) or produced as
a resuit of metabolic changes in the tissues, might be withdrawn for the
synthesis of asparagine. It seems in this case that the mechanism is such
that little oxalacetic acid becomes available at any time to reaet with om-
monia even when the level of succinic, fumaric or malic acid is artificially
increased. These ncids seem to undergo conversion in the process of respira-
tion which apparently made « -ketoglutaric acid available to react with
ammonia directly or undergo transamination with aspartic acid metabolically
formed to give glutamine as suggested by Leonard & Burris (8). The
amination and amidation of « - ketoglutaric acid to give glutamine have
been reported by Vickery et al (15 & 16 ), Chibnall (1), Sideris & co-
workers (12 ), Mac Vicar & Burris (92 ), Yemm & Willis ( 17 ), and Ereto-
vichh & Yakovleva (6 ).

On the other hand, feeding sweet potato tuber disks with KINO, alone
or in combination with asparate, fumarate, malate, or succinate reselts in
a considerable increase in the amino acid — N fraction and negligible chan-
ges in the amides. DBut the rate of synthesis of amino acids in presence of
tbe organic aeid salt was much higher than that of the control tissues sup-
plied with KNOQ; alone while that of glutamine and asparagine was almost
unchanged. This résult together with the fact that nitrate assimilation did
not lead to any significant increase in ammonia — N level in the tissues
might indicate that nitraté was not reduced in the cells into ammeonia or that
the rate of ammonium transformation into organic—N other than amide—N
is as fast as its production from the nitrate.

The energy required for the formation of amides and amino acids might
have been derived partly through the oxidation of the original substrate in
the cells and partly through the oxidation of the supplied organic acids,
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since respiration of sweet potato tuber disks increased with NH, Cl or KNO;
and showed further increase with organic acids supplied to the external
medium. Speck (13 ) suggested that the oxidation of euccinate, malate,
and oxalacetate supplied to pigeon liver dispersion supply the energy requi-
red for the utilization of ammonia and for amino acid and glutamine
synthesis.

SUMMARY

The effect of asparate, fumarate, malate, and succinate on the nptake
and utilization of ammonium-and nitrate — N hy sweet potato tuber disks
was studied.

The rate of mitrate utilization was lower than absorption, leading to
accumulation of nitraie —N in the eells,. Ammonium — N, on the other
hand, was utilized as soon as it entered the cells and there was a very small
increase in its level inside the tissues.

Fumarate, malate, and succinate stimulated the nptake and ntilization
of ammonium — N and there was no accumnlation of this fraction in the
cells.  This is prohably due to the rapid synthesis of amino acid - and
glutamine — N.

KNQy, lone or supplied in combination with aspartate, fumarate, malate
or succinate caunsed a eonsiderable inerease in the amino aeid — N content
and negligible changes in the amide —N. The rate of synthesis of amino
acids in presence of the organic acid salt was higher than that of the control
tisues cultured in KNO, alone while that of amides was almost unchanged.
No significant increase in ammonia — N level in KNQ,-—treated tissues
was ohserved.
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