
THE RELATION 0F 0PTICAL
FROM T0 THE UTILIZATION 0F AMIN0 ACIDS

lII ٠ Utilization 0f Stereoisomeric forms of Alanine
by Carrot Root Disks

BY

M1٨٠٠ NOSSEIR
University College for Girls, Ain Shams Uniuersity

INTRODUCTION

ht was gencrally believed that the D.amino acidو do not oeeur natnrally
and that the synthetic compounds of the D.series, if introdueed into ivingا
matter, were metabolieally inert, But now tere sز on longer reason to doubt
the abiity of plants to absorb and utilize warious isomers of amno acids.
The numnerous studies, that hwve bcen made, of the use of amio acids as
nitrogen sourees for growing plants, embryos, ploat tissues, and tle linited
nuber of investigations oF the utilization of stcreoisomeric varieties of
amino asids by ligher plants were referred to in the frst and second paper of
tLis seres by El.Sالisliny and Nosو ir (5 and 6). L Uese papers, it was
also found that tle Lforms of aspartic and lutamicع acids are absorbed muel
fater than tle D-fors, eitler given alone or with ammouium sulphate to
carrot disks. TTe L-fams of hoth acids were well utilizcd and also stmu­
lated the utilization of anmonium nitrogen, but tle D.euantiomorpls ae­
camulated in the cells.

n recent inrestigations, a number of features between plant spccies inل 
the utلi izaton of enAntiomorphs as in the utilization of diferent amino acids
have been disonssed. Ths Nitseh and Nitsch (l6) found that not oulyD­
alaine, D.aspartie or glutamic acid cannot serve as sole sources of nitrogen
For HeLianthas tuberosus tissues, wHereas the L-orms can, but also hi itoryلن
efects on the growth was shown by the acid when supplied simultaneously
wiLl nitrate.

Again a nصu ber of features of the process of uptake of scveral Amino
aeids by carrot tissues lave been described by Birt and Hrd (2). TBus it bas
beeD sbow that the D.and Lisomers of many amino acids are taken up
against a concentration gradient and tat such uptake is inطibited hy certai
metabolic inhibitors. Moreorer, the D-fors of alanie, pyenyl-alanine,
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leucie, isoleucine, valine, methionine ad histidine were fully recorerable
from the tissues after uptake. Wiu the exeeption of glutamie and sparticه
acid, alanine, phenyl-alanine, there was limle metabolie destrwction of tle
amino acids used.

Miettinen (l5) reported tlat DLglycine, eerine, valine, leucine were
assiر nilated by pea plants i te same way aق DL-alanie and efreetively
tihzed for the sythesفi of protein, However, the D-enantiomorph of
alanine was proved to be oxic for the pea plant whereas the l-fom was
benefieial.

The study of the metabolsm of stereoisomers of amino acids i hivingم
orgarisms las increased our knowledge ahont the range and nature of
oRidatire and pnthetic reactions avلثه able to the body. Moreover, biolo­
gical diferences between these two gToups of stereoisomeridوe illstrate the
marked specifcity which Bpecializes reactions of living matter. The of صذه
the present Btudy is to iestigate the ahility of carrot root disوk to absorb
and utilize stereoisomeric forقm of alanنne, namely L- a dع Dforسa s.

MATERLAL, METHODS, AID ERPERDMENTS

The isks for i investigationكhء were prepared from cnrrot roots rariety
« Chantenay ». The general proccdure of prepAration and pretreatment of
rhe disks as well as the detemination of the nitrogenous Fractions are as
previoualy desorihed by El-Shishiny (4) and El.SHطعن iny & Nosseir (5 and
6). 'Twenty grams of disفk ( about 40 diske ), taken at random from a stock
of disks prepared for each erperiment, were used for each eample. The
samples were washed for four days in regenerated aerated dietilled water.
The eamples were then wasled wth sterilized distilled water and traصsferred
into tle sterile culture solations, kept at 250C. ( 0.l ), where they were
aerated for 24 houra by passing a current of C0,-free air through each
culnre chamber at a constant rate of 4 liters per hour Tle air currents,
after learing the culture chمسhers, were passed through standard solutions
of sodium lydroxide t determine te rate of C0 produeed by the diferently
treated tiEsues. After 24 loure, thne tissues were draied, washed with disLil.
lcd water, and analyeed for te final id tribntionع of the varios nitrogenous
fractiona. Tbe mediمmu together wiuh the washing, were made mp ton
convenient volume and analysed for inorganic and organic mitrogen frac­
tions. The initial distribution of various nitrogenous fractions in the tissues
werc obtained by analyeing two samples represeiting the batch of disفk after
the 4 days wasling period.
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Niurogen fracuion3 :

= insoluble -N + itrogen fraction precipitated by
2.5 per cent trichloroacetic acid.

Non- proteinN = total soluble -N nimus nitrogen fraeUion precipi­
tated by 2.5 per cent trielloroacetie aeid.

Protein-٨

Amino acid- N

Rest-N

Complex-N
GlatAmneد N
AapargineN

= total aninoI mis amiuo-I equivalent to
total amideN.

= non-proteinI minus (inorganieN + total
aminoN + total amideN).

- proteinN -+ restN
= glatamne amideN2ر 
= asparagine amideN X 2.

Experiment l. was designed to study the uptake and utilization of L­
and D.alanine when supplied aloc or in combination with amonium
eلl ride to carrot root diaks. Therefore duplcate samples after being
washcd for 4 days in distlled water, were transferred into culture ressels
eacl containing 350 . لد of the following culture soluvions : Distilled water;
ammonium chloride; L alanine; - Lم alصa ine + ammoniun chloride;
D alanine; D alanie + amnontum chlorie. The coacentratioa of
alanie and NH,C in the solutions was 0.005 M. Erperienr II was.designed
to investigate the efect of various concemtretions of L alanine, whcn sup­
plied alone or in combination wit NECl, on tle nirrogen metabolism of
cArrot root diske. For this purpose, duplicate samples were cultured in the
following solutons : Distlled water; ammonium cllorde; 0.0025 M
L aا anine; 0.005 M L-alaمتم e; 0.01 M L- alaniae; NHC -+ 0.0025 M
L alanie; NH,C] +- 0005 ML- alanae; NR,C1 -+ 0.01 M L- alaصiو .
THe concentration o£ NHCl in the eoluUions was always 0.005 M.

Tle cعh micals used in tlis investigation were of analytical grade
produced by Merck & Co. Inc.

RESULTS AND DISCUSSION

Uptake ond Utilization o} L- ad Palanine :

It appears from the resulte depictcd in table (l) that carrot root disks
were able to absorb hoth stereoisomeric foms of alanine from their respec­
ive Eolutions. The absolute amount of amino -N absorbed from L- aل aصنne
was, in al experimenفt , greater than tlat Absarbed from Dalanine under
simiar conditions. The presence of amonium chloride in the ertemal
mediurn was wwithout any sigifcant efrect on thIe uptake f both isomers of
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alanine. Diferences in tle rates of ahsorption of the isomers from tle
media may be the result of diferences in their rates of penetration into the
cel. It might be suggested that tlere is an active process operating. This
process may involve association witb a carrier At the Aurface and movement
of the complex, followed by dissoeiaاion, in the intemal racuole of the cells.

-and D alanine ،seem to be takcn up by the same mcclanisr as sug[ر 
gested by Birt & Hird (3). But te affiصity of L alanine for tle carrier
system appears to he greater than that of the D-isomer. Since the cel}
mcRbranes consist of optically actire material, differences in the penetra­
bibty of stereoisomers according to this suggestion might be possihle.

Tahle (2) indicates that tlere was no material clange in Ue amount
of aminoD removed by carrot root disks when ! alanine concentration,
either supplied alone or in combination wvith ammonium ehloride, was
douhled or increased 4-fold. The suggested carrier system ivolved in
the uptake, in this case, miglt bave been saturated at low conccntration.

The uptAke of alanite was accompained by an increase i1 the respira­
ion rate of carrot root disles. THis result might indicate the dependence of
wptake on respiratory cnergy, Similar observations were arrived at by

7ehster (20) and Bir Hird &ي (2) for tlc uptake of stereoisomers of
alanine and other amino acids.

Carrot root dlisks slowed n marked bility ه to utiLize L alanine since
tle «leficit in amino acidN s ز enuivalent to 7l,6% of the absorbed
L، alanine, wlnicl corresponds to 57.54% of the italy present plus the
absorbed umino acidN from l- a anineل media. Addition of emuimo­
lecular concentration of ammonium chloride to 0.005 M [ alanine in thc
external medium was of no signifcant eDcct on the rate of amino acidD
ntlization. Io remarkablc changes in the rate3 of amino acid] utiliza­
tion were also ohtained eitler by decreasing L-alanine concentration to
0.0025 M or hy icreasing it to 0.01 M, wheter supplied alone or siul­
taneouslتy wvitlI DH,Cl, in tle extema] menia, table (2). The atilized
anrino aeidN seems to be at tle expense of the absorbed L- neمثa له
sincr the amounts of amino acid D absorbed were more or less eqnivalcnt
and this might aعcount for the equivAlent levels i amino aeidN in tissues
cultured i L- alanine solutions, ( tahles 3 and 4). The utilization of
alanine by otler plant tissues was also reported by several inrestigatons (8,
9, 1٧, 14, 15, 16, 17 & 18).

Gn the contrary, the results obteined from tle present invesUigaUion
6uggested, however, that D alanue, ahsorbed by carrot root dieks, mnigltt
hnve behaved as inert metaholite, sice te increase of amino Acid-٨ level
in the tiues was aLmost equal to the absolute amount absorbed, compnre
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44.93 mg. absorbed from Dalanine witl 43.55 mg. increase, aad 43.61
mg. absobed from D- alanine plus IH,Cl winl 42.28 mg، increase, tables
(1 &3). Thiو can, also, be demonstrated by comparig thc amnounts

utiized, calculated as percentages of the available amino acidN, with tl٤
amounts of the corresponding control tissues caltured in distiled water or in

,n clloridc, table (l). From this comparison, it could be, alsoه mroniه 
concluded tlat thc emall amounts of amino aeid-٨ thar had disappeared
fron٤ tissues cultured in D- alanine solutions miglnt be at the espense of
he L- fron originally present in the cells.

'Tle abore resalts seemn to be substantial to the Badings of Bir & Hird
(2} who slowed that the Dfomm of alanine and otler amino acids wvere
fهlly recoverable from earrot root slices after uptلa e. hn this respect, earrot
root disks Eeem to belave like Lpinus albus seedlings (14), Heliantlus
tuberosus tissues (l6) and pea plants (l5). It can be stated that the
accumnlation of the absorbed D alanine by carrot root disls, i the present
,i vestigationص might indicate that te prevaiing enzye system is epecihc to
the Lfom.

£fect o} Land Dه lanine on the Uptake ndه Utlsation o} Ammo­
nium- ٨ ج

Carrot root disk cلu tured in 0.005 M NH,Cl alonc, tahles (1 &2)
ahsorhed fron1 4053 per cent of the supplied ammoniumN. The rate
of ammonium- N uptake was depressed wlen euimolecular concentration
of L-or D alaninc was present simultansously with ammonium chloride.
but the depression caused by D alanine was mucL greater than that caused
by the L-enantiomorpL, table (l). Wlen the concentration of L al­
anine i tle culture solution was decreased to 0.0025 M or increased to 0.0l
M., the rate of ammoniumN uptake was also depressed but to n greater
extent witl 0.0l M concentration.

I٤ wae also noted that vlen amonium clloide alanine صص were sap­
phied together, they were ahsorbed simultaneously, bnt amio acidN in
mueb higher preference to amoniumN, Resuls obtained by other
investigators Elowed tLat such preference in the absorption of ammonium
and amino acid٨ aries greatly for various amino acids and also for
٢ariows plants (5,9 & 18).

Tables (1 ,( ي2& again, show that mnounteه equivalent to ahout 72 nd ه
80 per cent of the ammonium N س absorbed by carot tissucs cultared in
0.005 M single salt solution of a oniumصصع chloride wvere tranEformed into
organieN. Lد alanine depressed ammonium N assimilation and this
depression was greaty proRounced by 0.0l MI concentration, table (2).
When L- aا aتص ne wه s replaced by D- alanine of tle sane corcentration,
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the inhنbiting efeet of the Pisomer was greater than that of the
L isomer. Tbe bitiرi lص efect of Lor D- alanine was grenter on
ue assiilation uhan on the absorptioذ of ammonium .N-د Consequently,
the ammoniamN lerels in tissues cultured in solutious conaining L ٥r
D- alanie were always bigher than the level of ammoniumN ia tissues
culred in amnonium clloride aloDe.

Efect of and ز Dalaine on the Distribution o} the ٣arioعu Nitro­
gerous Fractions :

The increase in Lhe levels of amideN and complex- N in carrot tis­
sue? eultured in solutions containing Lalanine alone or wit TE,Cl, over
tl1ose of contro] tissues in distlled water and ammonium chloride respec­
tively, tahles (3 and 4), suggested tle utilization of L- ahanine in the
fomation of these fraetions. Tbus in absence of Amonia, it seems probable
that one part of L-alanine absorbed was deamiated (l ndه 2) and lt atح
a part of the ammonia produced was inrolved in midationه of glutamie acid
(1l, 12 &19) origialy present, or given ly amination of a- ketoglatarie
acid (7) uEing another par of the liherated ammoria, or given by trans­
amination of seeond part of L-alanie witl a-ketoglntanic aeid (l83).
THe a-l٤etoglutarie acid migbt be initially found in the tissnes or
metaboLicملly fomned through respiratory cycle, Similarly, the Elight
icrease i asparaghne- N iu tssues eultred in L alanine salutions alone,
table (4), might be at De expense of a tlird part of alanine wvliel has
undergone deamination and tle subeeguent annidation of aspartic acid
originally preseuL, or produced by amnation of its won-nitrogenous presur­
sor (7), or by trausamination of a fourth part of alanine with oxalacetie
acid initially faund or metabolically produced. The exنstence of enzye
system responsible for te couplng of ammonia and aspartic cid was shown
by Webster & Vamer ( 22 ) lopine مز and wleat gem tissues. 'The pyruvie
acid produced through deamنnaLion or transamhation of alanine miglIt
have fumished a substrate for respiration or night he ivolved in other
metabolic reactions.

The resuls of the present investigation indieated that ammonia was
removed A fast as it wes released from alanine deamination since the 1iesue3
did not show any signifcant change i the levels of ammoniam niLrogen.
Moreover, the tissues cultured i L- AlAnie snlutious, table (4), showed
greater increase in tle complexN, meinly protein, thصa in the amides.
THs might indicate tle incorporation of L- alم nine i protein formation.
THe iacorporation of L- alaصقne 1-C ntoذ te proteins of plant
tissue lomogenates was proved by Welster (2l). Also, Miettinen (l5)
showed tat Lalaشn ne was efecLivey utilized for tlne sytliesis of protein
by pea plante.
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On the other hand, earrot root disks culnred i D- ,lanine م table (3),
ahowed a amuller incrcase in amideN R2. Thiف increase miglt he at
the erpense of complex- wbicl showed a more or les eual decrease.
Addition oF D alanie to ammonium chloride eaused a markred deerease
in the glutamine- and complex-N fractions probably due to the inhن bitمi g
effeet of this isomer on ammouium-I absorption and assiiation, But
addition of [ alم nie to ammonium ebloride, altlougl inlibited ammon­
iumR absorption ndه assimilation, yet it caused considerable hcreases
in the organieN fractions, reasonably, at the expense of tle utilizable
L alanine.

SUMMAIY

Tbe uptake and utilization of the difercnt ،stereoisomers of alanine by
Carrot root disks were studied.

l. [alanine was absorbed at a faster rate than Denantiomorph.

2. Carrot Toot disks slowed a marked abiity to utilize L- ,a aniaeل but
the D- isomer absorled accrmulated as such in the cels.

3. L and D alanine depressed the rate of ammonium uptake and
assirilation; the depression caused by the D- form was more greater tlAn
th١at of the Lform, With both isomers, tle depression on ammonium
assimilation was more pronounced than or absorption.

4. [ alم nine caused n greater increase in te protein than in amides,
foming liberally glutamine; asparagine was fommed, however, at a lower
rate. On thc contrary, D alanine inbibited glutamie and complexN
syntesis.
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