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DIURNAL AND SEASONAL FLUCTUATIONS

in Osmotic Pressure of Plant Sap

BY
SHAFEY ALY, M., PhD.
Assistant Professor in Botny, University College for Girls, Ain-Skams University

Diurnal and seasonal fluctnations in osmotic pressure of plants have
been recorded by various authors in different parts of the world. Such
fluctuations usually associate fluctuations in the intensity of the atmospheric
factors ¢oncerned in evaporation. They also sometimes associate fluctua-
tions in the moisture content of the soil. In this country, records of such
fluctuations of osmotic pressure are scanty. It was thought, therefore, of
increasing these records by adding some new measurements at different
times of the year and at different hours of the day.

There is differcuce in opinion as to whether the fuctuations in osmotic
pressure are causcd by such fluctuations in atmospheric or edaphic factors,
ie., whether the habitat factors and the osmotic pressure are related to-
getlier as cause and effect.

MATERIAL

In experiments on the dinrnal march of osmotic pressure two meso-
phytes, namely, Ricinus communis and Ficia Faba were used. In experi-
ments on the seasonal march xerophytes, collected from the desert near
Cairo, were experimented with. The xerophytes used were, Fagonia arabica,
Zilla spinosa, Citrullus colocynthis, Haloxylon salicornicum and Zygophy-
lium simplex.  Xerophytes are of special interest since Egypt is a desert
country, the natural vegetation of which is mainly represented by xerophytes.

METHOD

The osmotic pressure of the plant sap was measured by the cryoscopie
method. The latter has since loug been widely used by various authors,
such as Dixen & Atking ( 1913 ), Walter ( 1931 ), Harris ( 1934 ) and scveral
others. It has béen usually preferred by varieus authors since it is more



S

adaptable to field conditions and because it yields average values of whole
plants and plant organs. The method involves the determination of the
freezing point of expressed sap, the osmotic pressure being directly propor-
tional to the freezing point lowering. Reasons for the preference of this
method over the plasmolytic and other methods are given by Crafts,
Currier & Stocking {1949 ). According to these authors, the cryoscopic
method is the most practical one for measuring the osmotic pressure of
bulk tissue,

The apparatus used in the present work is similar to that described by
Mathews (1921) and used by Stoddart (1935), Migahid (1948) and

Migahid & Shafey (1953 & 1954). The formula used in calculating the
osmotie pressure is :

-

P = 1206 2 — 0,021 a2,

Where P is the osmotic pressure and A is the freezing point depression.

RESULTS

The mean osmotic pressures of leaf sap for Vicia Faba and Ricinus com-
munis at different hours of the day are expressed in Fig. 1.

It is evident from Fig. 1. that the osmotic pressure of the sap of Vicia
and Ricinus leaves was highest at 2 p.m. but decreased rapidly to a minimum
that was attained during the night, increasing again in the following day.
The daytime values were higher than the night values. Variations were
most rapid at the beginning and end of the daytime period, but were slight
during the night and in the middle of the day. Thus there was a rapid fall
in the afternoon, between 2 and 6 p.m. and a somewhat rapid rise in the
morning, between 6 and 10 a.m. But between 6 p.m. and 6 a.m. the varia-
tion was very small. From 10 a.m. to 2 p.m. there was some increase in the
osmotic pressurey, but which was also relatively small.

In Fig. 2 are expressed the values of atmospheric factors concerned irn
evaporation, namely, air temperature, relative humidity and evaporation
rate at 3 - br. intervals, from 1 p.m. to 1 p.m. the next day. This was the
same day as that on which osmotic pressures of the leaf sap of Vicia and
Ricinns were recorded. Relative humidity was measured by means of a
wet-and-dry bulb hygrometer while evaporation was measured m millimetres
per hour by means of a piche evaporimeter.

The march of temperature and evaporation curves shows a general
parallelism to the march of osmotic pressure curve. There was a rapid
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fall in the afternoon of the first day, a rapid rise in the morning of the
gecond day and smoothness during the night. Correlation was even more
close with temperature than with evaporation. As might be expected the
correlation with relative humidity is a negative one. The dawn hours
correspond to the maximum relative humidity and to the minimum osmotie
pressure as well as the minimumn temperature and evaporalion.

In Fig. 3 are given the osmotic pressures of some xerophytic plants
growing wild in the desert ncar Cairo at different times of the year. Samples
were taken from mature plants.

It is noticed that for Fagoniz arebice and Halozylon salicornicum the
osiotic pressure was measured in February and August, and that the summer
value was in both of them much higher thon in winter. Zilla spirosa, one
of the commonest perennials, had an osmolic pressure as low as 16.01 otmos-
pheres in January. The osmotic pressure increased to 17.63 by March, and
further to 18.56 in August. It then decreased to 15.35 by December. The
osmotic pressure of Citrullus colocynthis, one of the evergreen perennial:
of the Egyptian desert, which flourishes particularly doring the summer,
was measured in winter, summer and autumn. The summer value of the
osmotic pressure was considerably higher than either the winter or the
auturnn values. Zygophyllum simplex is one of the ephemerals of the desert,
starting to appear in January, after the winter rains, and terminating its
life cycle by the onset of the summer to-wards the end of May. The osmotic
pressure of this species was measured in January and April, and the spring
value was [ound to he considerably higher than the winter onec.

In Fig. 1 are given the mean values of air temperature, relative humidity
and evaporation rate for the successive months of the year in which the
osmotic pressure data were recorded - as recorded at the Meteorological Sta-
tion of the Cairo International Aerodrome.

Temperatare and evaporation show the highest values in summer and
the lowest values in winter. In spring they are rapidly rising and in autumn
rapidly fallmg. The relative humidity curve is nearly a mirror image of
the temperature and evaporation curves. The seasonal fluctuations in the
osmotic pressare of the experimental plants would seem to he a response to
the fluctuations in the evaporating factors of the atmosphere.

DISCUSSION

In a previous paper { Migahid & Shafey 1955 ) it was clearly shown that
variations of soil moisture content and soil salinity produce considerable
variations in the osmotic pressure of plant sap, The higher the soil water
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content and the lower its salt content, the lower the osmotic pressure of the
leaf sap and vice versa. It was also observed ( Migahid & Shafey 1954 )
that the osmotic pressure of the plant sap varies greately in plants of different
ecological groups, being higher in xerophytes than in mesophytes and in
halophytes than in cither xerophytes or mesophytes. Xerophytes are plants
of dry habitats subjected to both atmospheric and edaphic drought. Halo-
phytes are plants of saline habitats, subjected either to physiological drought
alone or to both physiological and ctmospheric droughts, Mesophytes are
plants of optimum moisture content of soil and air.

As a muoiter of fact it is not only the soil environmment that affects the
oamotic pressure of the plant sap, but the anmospheric environment as well
must have o great eflect. The plant acts es a balanciag factor between the
s0il moisture surrounding the roots and the air surrounding the tops. TIf
the soil supplies moisture as fast as the air removes it 1hen the osmotic pres-
sure must be low. If the air removes more water, ns it is the case under
conditions of atmospheric drought (e.g. in xerophytes as compared with
mesophytes, in semmer as conpared with winter, and in mid-day hours as
compared with night hours ) and the osmotically active snbstances remain
constant, the osmotic pressure rises proportionately. The plant may be
considered as a product of its environment and the osmotic pressure as an
expression of the effect of that environment. The results of the precsent
investigation confirm this conclusion,

Mapy authors have arrived ot similar conclusions. Of these may be
mentioned Eaton (1929 ), Enomoto {1930 ) who fonnd that sap concentra-
tion varies directly with the temperature and inversely with the atmospheric
humidity. Korstian (1924 } also noted the lowest concentration in Pinus
ponderosa in the winter season, but this be referred to the formation of
emulsions of fats and oils with a low concentration in winter. In spring
tliere is more sugar present to be used in growth and thus there is an incrense
in pressure.

In contradiction to the above findings Gilbert & Adams ( 1929 ) conclu-
ded that envimmental conditions have little effect upon the concentration
of expressed plant solution, and that moisture in the so0il has no direct rela-
tionship to pressure in leaves. Gail & Cone (1929 ) found in the leaves of
Pinus ponderosa o minimum pressure in July and a maximum in December.
They think that rapid growth in April, May ond June causes lower osmotic
pressure. The use of carbohydrates and other substances for growth of the
new leaves and stems results in a decrease in the osmotic pressure.

The present writer is of the opinion that incresse in osmotic pressure
during the warmer and drier hours of the day as well as during the drier
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and woarmer months of the year, and its decrease in the cooler and more
humid hours and months must be regarded as the general rule among plants.
Deviations from this rule must be regarded as exceptions and are often
referable to special metabolic characters. During the warmer part of the
day transpiration exeeds absorptiou and the water balance of the plant is
disturbed. Sucl: disturbance results in decrease of the tissue water contenti
and increased concentration of the plant sap. By night, transpiration
deccreases and the water balance and turgidity of the plant are restored.
Consequently the sap is diluted and the osmotic pressure demimishes. In
the drier and warmer months of the year, apart from the atmospheric
drought, edaphic drought also prevails, Thus in oddition to increased
transpiration, absorption is somewhat retarded. This enhances the distur-
bance of the water balance and the decrease of tissue water, leading to
increased concentration and higher osmotic pressure of the sap.

Finally the writer wishcs to thank prof. A, M. Migahid for kind help
and for reading the manuscript.

SUMMARY

1. The osmotic pressure of the leaf sap was measured and compared at
different Liours of thie day for the two mesophytes Vicie Faba and Ricinus
communis and was found to be higher by day than during the night. The
daily march of atmospheric factors concerned in evaporation, such as tem-
perature, relative humidity and evaporation rate were recorded. Considerable
parallelism was observed between the march of osmotic pressure and that of
either evaporation or temperaturc. ‘The march of the relative humidity
curve was a mirror image of that of other evaporation factors.

2. The seasonal fluctuations in osmotic pressure of a number of typical
desert plants was also investigated. Tt was observed that the osmotic pressute
is not constant throughout the year, but tends to he higher in summer than in
winter and in the warmer and drier months than in the cooler and more
humid ones.

3. The writer is of the opinion that the fluctuations observed are due to
changes in the balance between absorption and transpiration, leading to
fluctuations in the tissue water content and in the concentration of the sap.
Such fluctuations are likely to be of general occorence in plants, and any
deviation must be referred to special metaholic characters. Further data
are, however, néeded before such generalisation can he made.
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STUDIES ON THE EFFECTS OF SOME
DICARBOXYLIC ACIDS ON THE UPTAKE
AND UTILIZATION OF INORGANIC NITROGEN

[1 = Effects of some Dicarboxylic Acids on the Uptake and
Utilization of Ammonium and Nitrate Nitrogen by Sweet Potato
Tuber Disks

BY

M. A. NOSSEIR
University College for Girls, Ain Shams University

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 ).

(11)
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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

—— ————  —— — —— — o — — e — -
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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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THE RELATION OF OPTICAL
FROM TO THE UTILIZATION OF AMINO ACIDS

111 = Utilization of Stercoisomeric forms of Alanine
by Carrot Root Disks
BY
M. A. NOSSEIR
University College for Girls, Ain Shams University

INTRODUCTION

It was gencrally believed that the D.amino acids do not oeeur naturally
and that the synthetic compounds of the D-series, if introduced into living
matter, were metabolicully inert. But now there is on longer reason to rloubt
the ability of plants to absorb and utilize various isomers of amino acids.
The numerous studies, that have been made, of the use of amino acids as
nitrogen sources {or growing plants, embryos, plent tissues, and the limited
nwuber of investigations of the utilization of stereoisomeric varieties of
amino asids by higher plants were referred to in the first and second paper of
this series by El-Shishiny and Nosscir (5 and 6). In these papers, it was
alsc found that the L-forms of aspartic and glutamic acids are absorbed much
faster than the D-forms, either given alone or with ammonium sulphate to
carrol diske. The L-forms of hoth acids were well utilized and also stimu-
lated the utilization of ammonium nitrogen, but the D-enantiomorphs ae-
cumulated in the cells.

In recent investigations, a number of features between plant species in
the utilization of enantiomorphs asz in the unlization of different amino acids
have been discussed. Thus Nitsch and Nitsch (16 ) found that not onlyD-
alanine, D-aspartie or glatamic acid cannot serve as sole sources of nitrogen
for Helianthus tuberosus tissnes, whereas the L-forms can, but also inhibitory
effects on the growth was shown by the acid when supplied simultaneously
with mnitrate.

Again a number of features of the process of uptake of several amino
acids by carrot tissues have been described by Birt and Hird (2). Tbus it has
been sbown that the D-and L-isomers of many omino acids are taken up
against a concentration gradient and that such uptake is inhibited hy certain
metabolic inhibitors. Moreover, the D-forms of alanine, pyenyl-alanine,

(19)
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leucine, isoleucine, valine, methionine and histidine were fully recoverahble
from the tissues after uptake. With the exception of glutamic and aspartic
acid, alanine, phenyl-alanine, there was little metaholic destruction of the
amino acids used.

Miettinen (15) reported that DL-glycine, serine, valine, leucine were
assitnilated by pea plants in the same way as DL.alanine and effectively
utilized for the synthesis of protein, However, the D-enantiomorph of
alanine was proved to be toxic for the pea plant whereas the L-form was
beneficial.

The study of the metabolism of stereoisomers of amino acids in living
organisms lhas increased our knowledge ahount the range and nature of
oxidative and synthetic reactions available to the body. Moreover, biolo-
gical differences between these two groups of stereoisomerides illustrate the
marked specificity which specializes reactions of living matter. The aim of
the present study is to investigate the ahility of carrot root disks to absorb
and utilize stereoisomeric forms of alanine, nomely L- and D-forins.

MATERIAL, METHODS, AND EXPERIMENTS

The disks for this investigation were prepared from carrot roots variety
« Chantenay ». The general procedure of preparation and pretreatment of
the disks as well as the determination of the nitrogenous [ractions are as
previously described by El-Shishiny (4 ) and EI-Shishiny & Nosseir (5 and
6). Twenty grams of disks ( about 40 disks ), taken at rondom from a stock
of disks prepared for each experiment, were used for each sample. The
samples were washed for four days in regenerated aerated distilled water.
The samples were then washed with sterilized distilled water and transferred
into the sterile culture solutions, kept at 25°C. ( & 0.1 ), where they were
aerated for 24 hours by passing a current of C0.-free air through each
culture chamber at a constant rate of 4 liters per hour. The air currents,
after leaving the culture chambers, were passed through standard solutions
of sodium Liydroxide to determine the rate of CO; produced by the differently
treated tissues. After 24 Lours, the tissues were drained, washed with distil-
led water, and analysed for the final distribution of the various nitrogenous
fractions. The medium, together with the washing, were made up to a
convenient volume and analysed for inorganic and organic nitrogen frac-
tions. The initial distribution of various nitrogenous fractions in the tissues
were obtained by analysing two samples representing the batch of disks after
the 4 days washing period.
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Nitrogen fractions ;
Protein — N = insoluble — N <+ nitrogen fraction precipitated by
2.5 per cent trichloroacetic acid.

Non — protein — N = total soluble — N minus nitrogen fraction precipi-
tated by 2.5 per cent trichloroacetic acid.

Amino acid—N = total amino — N minus amino— N equivalent to
total amide — IN.

Rest — N = non — protein — N minus ( inorganic— N + total
amino — N + total amide — N ).

Complex — N = protein—N + rest— N.

Glutamine — N = glutamine amide — N X 2,

Asparagine — N = asparagine amide —N X 2,

Experiment 1. was designed to study the upteke and utilization of L-
and D-alenine when supplied alone or in combination with ammonium
chloride to carrot root disks. Thercfore duplicate samples after being
waoshed for 4 days in distilled water, were transferred into culture vessels
each containing 350 ml. of the following culture solutions : Distilled water;
ammenium chloride; L — alanine; L — alanine + ammonium chloride;
D —alanine; D — alanine + ammontum chloride. The concentratiou of
alanine and NH,Cl in the solutions was 0.005 M. Experiment II was designed
to investigate the effect of various concentrations of L — alanine, when sup-
plied alone or in combination with NH,Cl, on the nitrogen metabolism of
carrot root disks. For this purpose, duplicate samples were cultured in the
following solutions : Distilled water; ammonium chloride; 0.0025 M
L —alanine; 0.005 M L — alanine; 0.01 M L — alanine; NH,C! + 0.0025 M
L — alanine; NH,CI 4+ 0.005 M L — alanine; NH,Cl -+ 0.01 M L — alanine.
The concentration of NH.CI in the colutions wag always 0.005 M.

The chemicals used in this Investigation were of analytical grade
produced by Merck & Co. Inc.

RESULTS AND DISCUSSION

Uptake end Utilization of L — and D — alanine :

It appears from the results depicted in table (1) that carrot root disks
were able to absorb both stcreoisomeric forms of alanine from their respec-
tive solutions. The absolute amount of amino — N absorbed rom L — alanine
was, in all experiments, greater than that abhsorbed from D — alanine under
similar conditions. The presence of ammonium chloride in the external
medium was without any significant effect on the uptake of both isomers of
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alanine.  Differences in the rates of ahsorption of the isomers from the
media may be the result of differences in their rates of penetration into the
cell. Tt might be suggested that there is an active process operating. This
process may involve association with a carrier at the surface and movement
of the complex, followed by dissociation, in the internal vacuole of the cells.
L —and D — alanine seem to be taken up by the same mechanism as sug-
gested by Birt & Hird (3 ). But the affinity of L. — alanine for the carrier
system appears to be greater than that of the D —isomer. Since the cell
membranes consist of optically active material, differences in the penetra-
bility of stereoisomers according to this suggestion might be possible.

Table (2 ) indicates that tliere was no material change in the amount
of amino — N removed by carrot root disks when [, — alanine concentration,
either supplied alone or in combination with ammonium chloride, was
doubled or increased 4 —fold. The suggested carrier system involved in
the uptake, in this case, might have been saturated at low concentration.

The uptake of alanine was accompained by an increase i1 the respira.
tion rate of carroi root disks. This result might indicate the dependence of
uptake on respiratery cnergy. Similar observations were arrived at by
Wehster (20 ) and Birt & Hird (2 ) for the uptake of sterecisomers of
alanine and other amino acids.

Czrrot root disks shiowed a marked ability to utilize L — alanine since
the deficit in amino acid — NN is equivalent to 71.6% of the absorbed
L — alonine, which corresponds to 57.545% of thc initially present plus the
absorbed omino acid — N from L -— alanine media. Addition of equimo-
lecular concentration of ammonium chloride to 0.005 M L — alanine in the
external medium was of no significant effcet on the rate of amino acid — N
utilization. No remarkable changes in the rates of amino acid — IN utiliza-
tion were also obtained either by decreasing L— alanine concentration to
0.0025 M or hy increasing it to 0.01 M, whether supplied alone or simul-
taneously with NH,CI, in the external media, table (2). The utilized
antino neid — N seems to be at tlie expense of the absorbed L — alanine
siner the amounts of amino actd — IN absorbed were more or less equivalent
and this might account for the equivalent levels in amino acid — N in tissues
cultured in L — alanine solutions, ( tables 3 and 4 ). The utilization of
alanine by other plant tissnes was also reported by several investigators ( 8,
9, 10, 14, 15, 16, 17 & 18).

On the contrary, the results obtained from the present investigation
suggested, however, that D — alanine, ahsorbed by carrot root dizks, might
have behaved as inert metaholite, since the increase of amino acid — N level
in the tisues was almost equal to the zbsolute amount absorbed, compare
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44.93 mg, absorbed from D —alanine with 43.55 mg. increase, and 43.61
mg. absorbed from D — alanine plus NH,Cl with 42.28 mg. increase, tables
(1 & 3). This can, also, be demonstrated by comparing thc amounts
utilized, calculated as percentages of the available amino acid — N, with the
amounts of the corresponding control tissnes cultured in distilled water or in
ammmoniam cliloride, table (1). From this comparison, it could be, also,
concluded that the small amounts of amino acid — N that had disappeared
from: tissues cultured in I) — alanine solutions might be at the expense of
the L — from originally present in the eells.

The above results seem to he substantial to the findings of Birt & Hird
( 2\ who showed that the D — form of alanine and other amino acids were
fully recoverable from carrot root slices after uptake. In this respect, carrot
root disks seem to behave like Lupinus albus seedlings (14 ), Helianthus
tuberosus tissues (16} and pea plants (15). It can be stated that the
accumulation of the absorbed D — alanine by carrot root disks, in the present
investigation, might indicate that the prevailing enzyme system is specific to
the L — form.

Effect of L —and D — elanine on the Uptake and Utilization of Ammo-
nium —N : :

Carrot root disks cultured in 0.005 M NH.Cl alone, tahles (1 & 2)
ahsorbed from 40— 53 per cent of the supplied ammonium — N. The rate
of ammonium — N uptake was depressed when equimolecular concentration
of L —or D — alaninc was present simultansously with ammonium chloride.
but the depression caused by D — alanine was much greater than that caused
by the L — enantiomorph, table (1 ). When the concentration of L—al-
anine in the culture solution was decreased to 0.0025 M or increased io 0.01
M., the rate of ammonium — N uptake was also depressed but to a greater
extent with 0.01 M concentration.

It was also noted that when ammonium chloride and olanine were sup-
plied together, they were absorbed simultaneously, bnt amino acid — N in
much higher preference to ammonium — N. Results obtained by other
investigators showed that such preference in the absorption of ammonium
and amino acid— N varies greatly for various amino acids and also for
various plants (5,9 & 18 ).

Tables {1 & 2 ), again, show that amounts equivalent to about 72 and
80 per cent of the ammonium -— N absorbed by carrot tissucs cultnred in
0.005 M single salt solution of ammonium chloride were transformed into
organic — N, L — alanine depressed ammonium -— N assimilation and this
depression was greatly pronounced by 0.01 M concentration, table (2).
When L — alanine was replaced by D — alanine of the sane coucentration,
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the inhibiting effect of the D—isomer was greater than that of the
L —isomer. The inhibiting effect of L — or D — alanine was grenter on
the assimilation than on the absorption of ammonium —N. Consequently,
the ammoniom — N levels in tissues cultured in solutions containing L — or
D — alanine were always higher than the level of ammonium — N in tissues
cultured in ammonium chloride alone.

Effect of L— and D — alanine on the Distribution of the Various Nitro-
genous Fractions :

The increase in the levels of amide — N and complex — N in carrot tis-
sues cultured in solutions containing I, — alanine alone or with NH.CI, over
those of control tissues in distilled water and ammonium chloride respec-
tively, tahles (3 and 4 ), suggested the utilization of L — alanine in the
formation of these fractions. Thus in absence of ammonia, it seemns probable
that one part of L —alanine absorbed was deaminated (1 and 2 ) and that
a part of the ammonia produced was involved in amidation of glutamic acid
(11, 12 & 19 ) originally present, or given by amination of a— ketoglutaric
acid (7 ) using another part of the liherated ammeonia, or given by trans.
amination of seeond part of L —alanine with o« — ketoglutaric acid (13 ).
The o — ketoglutaric acid migbt be initially found in the tisses or
metabolically formed through respiratory cycle. Similarly, the slight
increase in asparagine — N iu tissues eultured in L — alanine solutions alonc,
table (4 ), might be at the expense of a third part of alanine whieh has
undergone deamination and the subsequent aidation of aspartic acid
originally present, or produced by amination of its non-nitrogenous presur-
sor (7), or by trausamination of a fourth part of alanine with oxalacetic
acid initially found or metabolically produced. The existence of enzyme
system responsible for the coupling of ammonia and aspartic acid was shown
by Webster & Varner ( 22) in lupine and wheat germ tissues. The pyruvie
acid produced through deamination or transamination of alamine might
have fumished a substrate for respiration or might be involved in other
metaholic reactions.

The results of the present investigation indicated that ammonia was
removed as fast as it was released from alanine deamination since the tissues
did not show any significant change in the levels of ammonium nitrogen.
Moreover, the tissues cultured in L — alanine selutious, table (4 ), showed
greater increase in the complex — N, mewinly protein, than in the amides.
This might indicate the incorporation of L - alanine in protein formation.
The incorporation of L —alanine —1—C™ into the proteins of plant
tissue bomogenates was proved by Wehster (21). Also, Miettinen (15)
showed that L — alanine waos effeclivey utilized for the symthesis of protein
by pea plants.
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On the other hand, earrot root disks cultured in D — alanine, table (3 ),
ghowed a smueller incrcase in amide — N X 2.  This increase might he at
the expense of complex — N wbich showed o more or less equal decrease.
Addition of D —alanine to ammonium chloride caused a marked decrease
in the glutamine - and complex — N fractions probably due to the inhibiting
effect of this isomer on ammouium — N absorption and assimilation. But
addition of L — alanine to ammonium chloride, although inhibited ammon-
ium — N absorption and assimilation, yet it caused considerable mecreases
in the organic —N fractions, reasonably, at the expense of the utilizable
L — alanine.

SUMMARY

The uptake and utilization of the differcnt stereoicomers of alanine by
carrot root disks were studied.

1. L —alanine was absorbed at a faster rate than D — enantiomorph.

2. Carrot root disks shiowed a marked ability to utilize L. — alanine, but
tlie D— isomer absorbed aceumulated as such in the cells.

3. L—and D — alanine depressed the rate of ammonium uptake and
assimilation; the depression caused by the D — form was more greater than
that of the L — form. With both isomers, the depression on ammonium
assimilation was more pronounced than on absorption.

4. L —alanine caused a greater increase in the protein than in amides,
forming liberally glutamine; asparagine was formed, however, at a lower
rate. On the contrary, D — alanine inbibited glutamine ond complex — N
synthesis.
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