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INTRODUCTION

It La been recently shown by ElSlishم y aad Nosseir (nnpubliehed
work) that certain dicarboxylie aeids fgured in the krels cyole, when suy­
pLied together with ammonium salts to carrot root diskE, exert a maked
ni uenceا upom tle course of the metabolie reactions of tle tissues. D
coatrol samples cultred i amouiumع salt Eolutions, a consideraLle part of
le ammonia absorhed is recovered as amideN, nainly .latamine ع
Eovever, if oxalacetate, fumarate, malate, swccinate, or c- ketoglutarate

acqired from te culmre solution, tle fommation of glutamine was greatlyكز 
stimulated. ReAsons hare been advanced by Chihnall (l), and Viekery  ق
Pucher (l4) for the assumption that the specifc precureors of sparagineه
and glutamine are respectively oxalaceuic and a-ketoglutaric acids whicl
arise as interncdiary producمt in carbohydrate metلa oLieu. Carrot ront
disعk ohriously contai enayme systems tlat provide for rapid and extensive
metabolie transformation of the orgaie acidA preEent or introdueed into
the cells.

A further series of cxperiments is deseribed in tle present paper. These
were carried out order صذ to extend te observatious to inclade aspartie aeid.
and nitrate-N. Diakو of sweet potato tubers wero employed, and tests
were accordingly made to eee wheuer the efeet of added acids waa similar
to tlat observed earLier. Potato tuher ie seleeted beeause of its arailطa ility
iص the garden of the epartment and alEo becanse it represents a pecies ه with
a moderately intense glutamتne metطف olism, Bl.SHishny (2).
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MATEIAL AND MIETHODS

Tle tecصh ique of the id kع cultare eperiments was te same a in tle
earlier work deseribed by El.Shisمih y (2), and El-Shisمنl y & Nosseir (3).
A stock of disks suffieient for each experiment was prepared from sweet
potato tbers variety «Balady » grown in the botanio garden of the Faeulty.
A outط twenty grams of disks taken at random (40 disks) were used for
each treatent The samples after being washed for 48 Loure in aerated
disلit ed water, El-Shislنny (2), were transferred int350ل مm . cultpre solu­
tion kept at 259C. ( (.C° ح0.1 i aم consuant-temperature water batb. A
current of C0و -free aعi wa8 paesed tlrough eacl cuhture solution at a
constant rate of 4 liters per hour to serve for aeration and for the determina­
tioa of C0, output After a culturing period of 24 hours, the disks were
drained, waebed eeveral tme wit distilled water, and analysed for tle
f alد distributiou of he various nitrogenous fractions. Te mediu, to­
getler with the washings were madc to a convenient volmme and analysed
for organic and inorganic nitrogenous fractions, Tle analyical methods
for the determnation of tle various nitrogenous fraction8 were those long
in nee i tliaم laboratory and dcseiiled Dy El-.SHishiny (2), and El-Slishiny
& Tosseir (3).

Two erperimentA were carried out following the same techiqne., Tle
resnlts were fuly consistent witl those sumarized in tables I A and I B.
ln each emperiment, Twelve eamples after beig washed for 48 hours were
transferred into cultnre sessels ach containing 350 . mل of strilized distilled
water or culture solution according to te following scleme : samples l &2

-ed water; 3, ammonium clloride; 4, potassium nitrate; 5, DE, Cl  لisti ل4
fumarate; 6, KNO, -+ funarate; 7, NE, Cl + malate; 8, KNO, + malate;
9, NH, Cl -+ suecinate; 10, KN0, - suceinate; 1L, NH,CI -+ asparate; 12,
KNO, -+ asparate. The concentration of anmonium chloride and potassium

,ic acid salts was 0.0025 Mص itrate was 0.005 M, while that of orgaد 

Chemicals used : A particع acid of highest purity was purchased froصد 
L. Light & Co. Ltd. TEe otber cbemieals were purchased from whe B.D.H.
THe organie Acids were neutralized wit KOH to pB 7 before they were
suppLied to the tissues.

RESULTS AND DISCUSSION

Efects of dicarborytic aeis figured in the krebs eycle and o} sparticه
acid wpon the wptake ndه wtilizdrion of ammoium and nitrate.N •

The data depicted a leطi tم I B ehow the uptake a dح utilization of an­
moniu - and nitrate .N, in mg. nitrogeN, by 100 g. of sweet potto taber
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disks cultred in 0.005 M ammoniu chloride and in 0,005 M potassiunl
nitrate alone an with asparate, fumarate, malate or succinate. The results
reported i this table show thuat 60.03 mg. ammoniN and 74.. 69 mg,
nitrate Nwere memoredl i24ص luours from the single salt solutions of 0.005
M ammonium chloride and potasainm nitrate respectively. When amnoniun
chloride and potassium nitrate were tle only sourees of nitroge, thc rate of
ammonium assimilation exeeeDed very much tbe rate of nitrate assimilation
since 98.7 per cent of tle absorhed ammoniu -I and only 6l.6 per cent
of tle ahsorbed nitrateN were changed inlo organic nitrogen. Tuو tle
mmonium nitrogen was very rapidy unetabolised and did not acoumulateه 

in the cells. 0n the other hand, nitrateN utilzation is lower ه and nitrate
accnmulates and reacles high levels in the cels of swect potato diks.

Clturing sweet potato tuber disks on ammonam chloride witl fuma­
rate, malate or succinaLe brought abot increases in the rates of ammoصi­
umn -N uptake and assiLation. There results only 7.0%, 9.7%, and
7.4% increase in mmoniunNه uptake and the rate of ammonium assimil­
ation was similarly iereased by 6.5%, 9.6%, and 6.6% respectively over he
control i ammoniun chlorde. This might be due to the large amonnts of
amnonia] renoved from tle culture solution of ammoniun clloride
alone. 'The icrease in the rate of ommorium aEsiilation and the distur­
bance of te metaholic activity when organic acids were prescnt in tle
ertemal medium indicatc that tlese acids were acquired from the ereernal
media by the cells and there underwent metaboLic transfornations, Pucher
& Yiekery (l0) showed tlat all of the indivdual members of tle krebs
tricarhoxyhic acid cyclc that were tcsted entered the cells of tobacco leaves
durig tlc culture in teir potassium salt solutions and exrted a mnarked
influence on tle couree of metabolie reactions of the tissnes.

On the other hand, asparate expressed a depressing efTect on the uptake
and on the assimilation of ammoiuN by sweet potato tuber disks.
WHen asparate is given in the cnltnre solution with ammoninm chloride,

1he uptakee of ammoniunN was decreased by 38.94 and the ammoni­
umد N assimilation was also dccreased by 44.9% as compared by uptake
and assimilation of tle control disks cultnred in ammonium chloride alone.

Similarly, a8parate and fumarate exerted depressing efects oa the up­
take of witateN from potassium nitrate culture media by 39.4% and
10.4% respeeDvely, wlie malate and succinate werc without remarkable
efeets, Nitrate -N assimilation wa8 also depressed since decreases of
33.2%, 23.0%, 6.7 ,and 9.1 9 were ehowvn coasequent to additioB of aspa­
rate, funarate, malate, and snccinate respectively to KN0, i tleع erternم l
wedia. Tle dierential efect of tle diferent acid on ammoniun • and
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nitrateN nptake by sweet potato Tober diske niglt be due to their speeife
effeete on the pereability as wwell as on tle metalolisn of the tissues.

£fects o} amnonium and rierate salts with some possible asparagine
precursors of the krebs cycle on the distribution o} tle uarious nitrogenous
factions :

Tle changes in tle distrihuLion of tle various nitrogenous fractions in
the disوk of eweet potato roots treated witl ammnoniu chloride or potassiun
nitrate with asparate, fumarate, malate, or uccinate ه Tvere depicted i tablelم
A. ·Tle first three coluns show the comnposition of the samplea cultured
in water, NH,Cl, or RNO, wo serve s ه controls to assist in judgements of the
relative magnitude of the clanges that occurred as a result of the presence
of the organic acids used. The subseguen columns l1ow tle changes in
composition brought about by the diferent treatments. The units being
mg. N computed for a 8ample that weigled l00 g. at the startم 

Table I A slows that amides are fomned and accumulated in tiEsueق 
cultured in Amnonium clloride i response to the increaEe of the lcvel of
amuoniumN in tle cells. THe presence oF funarate, malate, and 6uc٠
cinate Etimnulated ammonimm assinilation and increased the lerel of anides
and amino acids in te tissues. The increese in the amides is mلصi y due to
lutaane. Bven, when the equilibrium of amino acids was ope eidedlyع 
dieturhed ly feeding sweet potato root tissues wvi asparute and ammnonia,
glutaune considerably increases as also shown for cnrrot root tissuee hy
El-Shishiny and Nosseir (4). The primary foruuation of glutamine ereu
when aspantic acid is suppled to tle tissues proves that there must be, in
the plant cells, either a very active deaninase system or tle mnoه group of
aspartic aeid must frst he transferred to a-ketoglutaric acid and tle for.
med glutamic acid i thenف amidated. Rautanen (ll) showed tم t glutannic
acid and glutaine appreciably inerease during the uptake of aspartie aeid
by pea seedlنngs. He suggested the cenLral importance of a-ketoglutarie
acid as 0 priary acceptor of ammonia. Evidence of 'a priary syntheis
of glatamine i supportedك by the investigations witl N on barley roots by
YemH Wثlis (17). Moreover, El.Shisliny (2) las ehow that tle amide
metabolism in sweet potato roos is mainly glutamine metaboliam.

It has beeo recently shown By El-Shishiny & Nosseir ( u publishedص
work) that oxalacetate, fumarate, malate, or succinate, when acquired to­
gether with amoniunN by carrot root disks frou the cultre solutions,
etimalated greaty glutamine forotion. The difference in response of vari­
ous speciea to impressed conditions that provide the incrcased concentration
of ammonia in plant cells have been interpreted by Vickcery & Pucher (]4)
in tems of relatve aailabiity of the non-nitrogcnou8 precureors required
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for the sythesis of the respetire amides wثh cb arise in the transfomation
of orgaic acids durig respiration. The resulم obtained for eweet potato
roots i the present irestigation as those recently obtained for carrot roots

.ford no concluaive evidence in farour of this postulateه 

The mم itenance of positive amino acid, mideه and protein balance
consequent to feedig sweet pota t tnberم disks witb ammonium-N 1٥­
getlxer with fumarate, malate, or succinate 8uggest the effectire absorption
and utlizaion of these compounds in anabolic reactions leading t glutamineم
accunlation. l٤ eeems herefore, that if sلعu a cycle as that derired by
Chنhnم l (l) from krehs d ه Jolasons cycle (7) could be operative in
sweet potato taber disks, then under conditions sucl that ammonia is ac­
cumulating, -ketogulutarie acid might be widrawn from the respiratory
eyele for the ytheis م of glutamine, while a aaال fraetion of eralacete acid
prodced wia interconversions of the acids used (Green, 5) or produeed as
a result of metabolic changes i te ,it suesع might be withdraw for the
sythesis of asparagine. It seemف in this case at the mechanism is snch
that Little oxalacetic acid becomes araiable at any eان to react with am­
monia even wwhen the level of succinie, fumaric or m licم aeid is arti@cially
increased. Theee ncids seen to undergo conrersiou i tle proeess of respira­
tion wlich apparently mnde a .ketoglutaric acid available to react witb
ammnoصia direetly or wndergo transamination with aspartie acid metabolically
fomed to give glutamine as suggested by Leonard & Burri8)و ), Th٥
amination and amidation of a-ketoglutarie acid to gire glntamine lave
been reported by Vickcry et al (15 &16), Cطنط a1)لأ ), Sideris & co­
worعL ers (12), Mae Viear & Bumis (9), Yemm & WIlis (17), and Freto­
wiclI & Yakovleva (6).

On the other hand, feeding sweet potato tuber disks with KNO, alone
or in comhination with asparate, ftmiarate, malate, or succinate results in
a considerable increase i theم noنmة acidN feaetion and negligible chan­
ges i the amides. Dut the rate of atheais of amino acids in presence of
tbe organic aeid salt was mnch higher than that of the control ussue 6up­
plied wid KIO, alone while tlat of glutamine and asparagine was ost صلة
.u changedع Thو result together wiu tle faet that nitrate assimilation did
noT lead to Any aignificant icrease i amnoniaI level in the tissues
might indicate that nitratE was not reduced in the eells into ammonia or that
the rate of ammoniu transformation ito organic--R other than aride]
is as fast a itA production from tle ntrete.

The energy required for the fomation of amides and minoه acids might
lave been derived pعa tly through te oذ dation of the original substrate in
the cels and party hrough te oxidatioa df the upplied ة orgAnic aciقd ,
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NH, Cl or KN0زب ince respiration oF sweet potato tber disks inereased wة 
and showed further increase wiuh organic acids supplied to the extera]

mediumn. Speck (13) suggested that the oxidation of succiate, malate,
and oxalacetate supplied to pigeon liver dispersion supply The enerYy regui­
red for the utilization of ammonia and for amino acid and glutamine

.ynthesisه 
SUMMARY

The effeet of asparate, fumamate, malate, and succiate on the nptake
and utilization of ammonium-and nitrate-N hy sweet potato tuber disks
was studied.

'TLe rate of nitrate atiلizaLion was lowver tlan ahsorption, leading to
accumulation of ntrateN n the cells. AmmoniunN, on the other
hand, was u t izedل as soon as it eptered the cells and there was a rery emaLl
increase in its level inside tle tissues.

Fumarate, malate, and succinate stimulated the nptake and utlization
of ammonium- and there was no accunlation of this fraction in the
cells. This iف prohally due to the rapid sytlesis of amino acid-and
glutamine= N.

KN0 lone و or supplied in combinatio» with nspartate, fumarate, malate
or succinate caused a eonsiderable inerease in the amino acidN content
and negligible changes in the amide-N. THe rate of synthesis of amno
acids in presence of the organie acid salt was higher than that of tle control
tisues cultured i KDY0 alone while that of amides was almost wmclanged.
No significant increase in amnoniaN level i٤ KNO,-- treated Lissues
was obeerved,
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