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A bstract. The effect of salinity on incorporation of amino acid6 into root tip protein is
apparently of dual nature: in presence of salts the uptake is depressed anJd the normal
metabolic pathways are disturbed. If the roots were grown at high salt concentration, uptake
and incorporation are affected even if they are carried out in the absence of salt. NaCl and
Na21SO4 affect uptake, incorporation, and metabolism of 14C leucine in different ways. There
are also preliminary indications that in pea roots grown at different types of salinity, different
proteins may be synthesized. Kinetin was found to inhibit incorporation of amino acids into
non stressed and Na2804 stressed roots, but promotes uptake and incorporation of amino
acids into protein in NaCl stressed tissue. It seems that there are some pronounoed differ-
ences between the effects of NaCl and Na,SO4 salinities on the metabolism of pea root tissue.

The effect of salinity on various aspects of plant
metabolism is intensively investigated at present
(1, 7, 10, 11, 12). Some attempts have been made to
compare the effect of salinities induced by NaCl and
Na2,S1O4. Carbohydrate metabolism was shown to be
affected differently by these 2 types of salinity
(10, 11). Other aspects of metabolism have also
been showni to be sensitive to salinity, mainly of the
NaCl type (1, 7, 12). Reversal, to some extent, by
kinetin of the deleterious effects of NaCl was shown
(1,4).

In the work reported here an attempt wvas made
to study the effects of NaCl and Na2SO4 salinities
on protein synthesis in pea roots. In preliminary
experiments the ability of kinetin to reverse these
effects was investigated.

Materials and Methods

Root tips of garden pea plants (Pisunt sativum,
var. Laxton Progress) were used in these experi-
ments. The seeds were surface sterilized by immer-
8ion for 10 minutes in a solution of commercial
sodium hypochlorite (diluted 1:20), and then rinsed
in running water for 10 minutes. Lots of 35 seeds
were germinated in No. 4 vermiculite in round plastic
containers of 1.5 kg capacity. The vermiculite was
saturated with Hoagland's solution (2) or Hoagland
salinized with either NaCl or Na2S'04. All con-
tainers were adjusted at the beginning of the experi-
ment to a constant initial weight. Water loss (less
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than 2 % of the solution in the container) was re-
plenished daily. The water was added alternatively
from the top and from the bottom (through a central
glass tube) to avoid as much as possible the forma-
tion of salinity gradient in the container. The con-
tainers were kept in a constant conditions growth
chamber (200 and 60-80 % R.H.) with continuous
illumination of 200 to 300 ft-c at the top of the
container. Roots from 10 days old seedlings were
collected, and washed in a large volunme of sterile
medium identical in composition to that of the growth
medium. All further work was carried out under
sterile conditions.

Incorporation Studies. Fifteen root tips, 5 mm
long, were preincubated in glass vials in tris-maleate
(T-M) buffer 0.05 M (pH 5.0) containing 10-a M
Mg2+; 5 X 10-4 Ca2+; NaCl or NaSSO4 according
to the desired salinity and chloramphenicol, strepto-
mycin, and penicillin G, 50 jug per ml, each. The
roots were shaken in the above medium (80 strokes/
min) during 30 minutes at 250. Then labeled amino
acid (1-leucine "*C), dissolved in the same buffer
was added. The final volume of the reaction mix-
ture was 1 ml. Incorporation was allowed to pro-
ceed for 2 hours, under the same conditions as
preincubation. At the end of the 2 hours the reaction
was stopped by immediate cooling of the vials in
crushed ice. The root segments were collected on
sintered glass discs, on a millipore filter holder, and
rinsed with cold T-M buffer containing 5 mg/ml
unlabeled L-leucine (T-M-L). They were then im-
mersed for a further 10 minutes in the same T-M-L
buffer. The root tips were homogenized in 5 ml
T-M-L buffer. Two samples were taken from the
homogenate for incorporation measurements and 1
sample for protein estimation according to Lowry
et al. (6).
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Amlino acid incorporation into the trichlioroacetic
acid precipitates was determined. These were pre-
pared from the homogenates with 10 % trichloro-
acetic acid containing unlabeled leucine ( 10 mg/ml).
The precipitates were cooled, collected, and resus-
pended in 5 % containinig leucine, then heated at
90° for 20 mlinutes. The precipitates were finally
collected on a Matheson Higgins Microfilter (0.45 ,u
pore size). The filter disc was dried and placed
into scintillation fluid (4 g PPO + 100 mg
POPOP/liter toluene) and counted in 3(002 model
Packard Counter, at 80 % efficiency.

Results of different experiments were corrected
for 80 % efficiency. The total weight of precipitate
on a filter disc did not exceed 1 mg. Protein content
of such a sample was usually around 200 ,ug.

Controls for incorporation of labeled amino acid
by microorganisms present in reaction mixture were
run on incubation medium from which the roots
were removed after preincubation and prior to addi-
tion of the labeled amino acid. Precipitates of these
controls were prepared and treated as described
above.

Balance of 14C Front L-leucine That Entcred the
Root. The experiment was carried out in \V!"arburg
flasks, under the same conditions as described above.
Twenty-three root tips, 5 mm long were preinctu-
bated for 30 minutes in 1.6 nml T-M-L buffer. At
the end of this tinme the buffer was removed and
1.6 ml of the same buffer containing 0.5 Mc/ml
l,-leucine 14C (275 mc./mmole) was added. Thle
centre well of the flask contained 0.2 nml KOH 10 %
and a fluted filter paper. The side arnm of the flask
contained 0.1 ml 5 NI H,S04.

Respiration was measured at 250. After 2 houirs
the acid from the side arnm was poured in, and the
flasks were shaken for a further 10 minutes and then
put into crushed ice. The K211CO on the filter
paper was counted in a scintillation fluid containing
10 ml of counting fluid described above plus 8.9 ml
methanol plus 1 ml ethanolaiminie. This gave the
1*C liberated as CO_. The root tips were rinsed as
described above then divided inlto 3 lots: 2 lots,
9 roots each, were used for comlbustioni according to
Kelly et al. (5) as modified by Harel (3) and the
third lot of 5 roots was homogenized and the incor-
poration of leucine into protein was mlleasuired as
described above. All experiments of incorporation
were carried out between 9 :00 and 12 :(0 .\m. to
avoid any differences due to a diurnal cycle.

Leucine-14C was purchased either from Raidio-
chemical Centre, Amersham. England, or New Eng-
land Nuclear Corporation, Massachusetts. Amino
acid mixture was purchased from New England
Nuclear Corporation. All other chemicals were of
analar or scintillation grade.

The osmotic potential of Hoagland's soluitioln
wvas 0.8 atm, but it is not taken into account in the
tables and in the graphs. For salinization. 1.4 g/l
NaCI or 2.27 g/l Na2SO4 were used for creating an
osmotic potential of 1 atmosphere.

Results

The inicorporationi of L-leucine 'IC iito p)roteill
from solutions having various acaiviLies (0.25-1.0
,uc/ml) was studied. The reaction imiixture had the
same level and composition of salinity as the growth
medium. The results are given in figure 1. It is
evident from these results that the higher the salinity
in the medium (in this case growth mlediunm and
reaction mixture), the lower is the incorporation of
the amino acid. Moreover, sulfate salinity is more
inhibiting than chloride salinity. In the low range
of salinity (control, 1 atm and 3 atm chloride). at
external activities higher than 0.5 mc per flask, no
appreciable increase in incorporation could be ob-
served. In the higher range of salinity (5 and /7 atm
NaCl and 3, 5, and 7 atm sulphate), the incorpora-
tion seems to increase linearly with increasing
activity. Nevertheless, in most of the followving
experinments 0.5 ucurie per flask were used.

The results shown in figure 1 do not enable to
differentiate between the effect of salinity during
growth, on the ability of the roots to incorporate
the amino acid and between the interference of salt.
present in the reaction mixture, with absorption and
incorporation of the amino acid. The incorporation
of labeled leucine was therefore studied in r-oots
grown in presence of salt and incorporating in its
absence, as well as in roots grown in absence of
salts and incorporating in its presence; the results
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FIG. 1. Relationship between activity in external
medium and incorporation of 1-leucine-l4C. Incorporation
experiments were carried out in medium of the same
comilpositioIn as the growtlh medium. Specific activity of
leucine was 6.6 mc/mmole. I-chloride salinity, II-
sulfate salinity, A-control, B-medium salinized to 1
atm, C-medium salinized to 3 atm, D-medium salinized
to 5 atm, E-medium salinized to 7 atm. The results
are expressed as specific activity of the TCA insoluble
precipitate, i.e. cpiml mIlg protein.
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of salinity on inoorporation of l-leucine-
tips. l-leucine-14C- (U) was used in
The specific activity of the leucine wa
0.5 jhcurie per ml were used. Results
figure 1. A-chloride salinity, B-sul
Plants grown in saline medium, incorp
in the same saline medium. 2. Plants
medium, incorporation measured in no
3. Plants grown in non-saline mediu
measured in saline medium.

are given in figure 2. It seems tha
dual effect: Presence of salt in the r

strongly inhibits the incorporation in
the absence of salts (line 3); In i

grown in saline media absence of salt.
miiixture allows a higher incorporati

presenice of salts (line 2). The incc
ever, was lower the higher was tlle
miiediumii in which the roots were grc
that roots grown in relatively low
trations show a slight adaptation, wi

in sulphate salinized media show

Roots grown in the presence of 1 a
in reaction mixture devoid of NaC
ability even hiiglher than tlle controls

The same experiments were repeal
of higher specific activity (275 n
using a mixture of labeled amino
activity of 40 mc/m atom carbon).
virtually the same as those presente(

It seemed of interest to follow

absorbed leucine in the tissue grown under various
types of salinity. Only control plants and plants

2_+- grown under 5 atm salts were studied. Total radio-
active carbon absorbed was measured, as well as
14CO2, 14C in protein and 1"C in other fractions.
The results are summarized in table I.

As can be seen from the results, salinity not only
reduced the capacity of the roots to absorb external

. -: 4 leucine, it also severely reduced the ability of the
50, corcentroton(atm) tissue to incorporate the amino acid into protein.
and various levels Both types of salinity show a similar magnitude of
4C into pea root the inhibitory effect. The fate of the remaining
the experiments. amino acid, that was absorbed but not incorporated

ts 6.6 mc/mmole. into protein, differs in roots grown under different

efat 1sai it 1. types of salinity. In roots grown under sulphateratie samlniau salinity more than 20 % of the total absorbed leucine
grown in saline was released as CO. while in roots grown under
n-saline medium. chloride salinity only 6 %.

im, incorporation As salinity reduced the ability of the tissue to
incorporate leucine into protein, it seemed interesting
to find out whether there is any difference in the
amino acid composition of the proteins from roots

.t salinity has a grown under different conditions. Only one, pre-

reaction medium liminary, amino acid analysis has been made. This
Eroots grown in analysis has indicated that the nature of proteins
roots previously synthesized in roots grown under different condi-
s in the reaction tions may indeed be different.
ion thianl in the Pea root tips are extremely richi in leuicine, but
)rporation, how- leucine content is lower in salt-treated roots than in
salinity in the the controls. Also, roots grown tinder chloride
wn. It may be salinity are richer in leucine than roots grown under

chloride conlcen- sulfate salinity. Roots grown under sulfate salinity
iile those growin show a higlher ammonia content than the 2 other
nonie (line 1). treatmenlts. Apparently they contain more labile,
Ltmi NaCl show, easily deaminated compounds, than the roots under
1, incorporation the other treatments. Half cystine is highest in
(line 2 in A). control roots and almost completely absent in sulfate

ted using leucine treated roots. An unidentifiable substance, eluting
nc/mmole) and on the fifty-first minute, appears onlv in roots treated
acids (specific with Na'Cl.
The results were The effect of kinetin on incorporation of 1-leucine
d in figure 2. into protein by normal and salt grown roots is
the fate of the shown in table II. The plants were grown in

Table I. A Balance Sheet for 14C Absorbed as 14,C-1-leucine-(U) in Pea Root TiSs Grown in
Presence and Absence of Salt

The roots were grown in medium salinized either with NaCl or with Na9S04 to 5 atn. The controls were grown
in non-salinized Hoagland. Incorporation from medium of the same composition as growtlh medium.

Serial Non-salinized Hoagland salinized Hoagland salinized
no. D e t a i 1 s Hoagland with NaCl wi'th Na.SO4
1 dpm in intact tips as

measured after combustion 5.15+0.23X,105 6.334±0.40XI104 1.34±0.41 X 104
2 dpm as released in CO2 2.83+0.68X104 4.35+0.54X103 2.990O.1 X103
3 Total absorbed (dpm 1+2) 5.4340.29X105 6.76±0.40XI104 1.64+0.46X.104
4 dpm in protein 4.16+0.66X105 3.92±0.53X10' 8.29+0.98X103
5 4 as % of 3 76.3 ±4.9 57.5 ±5.3 52 ±8.6
6 2 as % of 3 5.3 ±1.1 6.5 ±0.4 21.6 ±7.0
7 % of radioactivity in

non-identified fractions:
100 - (5+6) 18 36 26
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Table II. Effect of Kinltin on Incorporation of 1-(ucl(infl 14C into Protein
The 1)laTtS xN-ere grow n in medium sa-linized either witll NaCI or Wtith Na-I.,SO4 to 5 atiml. The coIntrols were grown

in non-salinize(l Hoagland. Inicorporation iilto root tips xNvas at the same salt con(centrationi as in gro\\tll mediuini.
Results are exI)ressed1 by specific activitY of treatment as percent of control.

Growth medium

Noni-saliniized Hoaglaiid

I Ioaglald(l salilize(l
Nx-itli 5 atii NaCI

Hloaglatnd salinized
w itIh 5 atimi Na.,SO4

Kinietin Inicorporation
10-9'1noles
- Kixietin
+-4 Kietill

K ilneliII
- I\ ict ill

l\Kiet in,

100
65.5 -+-4.0

.38.4 - 1.1
3.3 + )0.2
(.9) -4 .1

lioagland('s iuttrienit medlia salinize(d to 5 atii wvith
either NaCl or Na. SO4. 1-leucinie of the highler
specific activity (275 mic/immole) was used and
10-i moles of kinetini were added to the reaction
mixture. As can be seen from table II, kinetin
significantly depressed the incorporation of leucine
into protein, by the control roots and by roots ex-
posed to 5 atm Na2 SO4. However, kinetin stimu-
lates significantly the incorporation in roots exposed
to 5 atm NaiCl. In 2 experiments the effect of
kinetin on uptake was studied. In the presence of
kinetin the uptake of 1-leucine by control roots was
only 80 % of that in the abseince of kinetin. In
roots exposed to sulfate kinetiin did not affect uptake
at all, while in roots exposed to chloride, kinetin
increased uptake by approximately 50f %. Tt is
evident therefore, that in those cases where there is
a response to kinetin, incorporationl is affected miore
thaln uptake.

Discussion

It is difficult to discuss the effect of saliniizatioln
in general. Eveni our limited experiments using
NaCl or Na,SO4 salinization show a number of
effects on amino acid metabolism.

The presence of sodium chloride or sulfate in the
incubation mixture considerably reduced amino acid
uptake by the tissue; the depression by sulfate being
more pronounced (table I). This is not due to a
failure of the labeled amino acid to penetrate into
the intercellular spaces as infiltrating the tissue with
the reaction mixture did not affect the uptake.

Failure to take up the amino acid may therefore
be due to changes in the permeability properties of
the cells due to the presence of salinity.

It has been shown by Oaks (8, 9) that maize
root tips do not synthesize all the amino acids re-
quired for protein synthesis and therefore depend on
a sul)plv of these from the upper part of the plant.
If this is also the case for pea plants and since such
transported amino acids also must pass cell walls
and membranes, our system simulates the situation
in entire roots.

In addition, to the effect oni uptake, salinity also
reduced incorporation of amllino acids into protein.

Flere' againi sodium sulfate is iiore (leleterliotls tflian
sodiumii chloride, at iso-osmotic concentrations (table
I, fig 1. fig 2).

In the presence of low salt concenltratioi p)rotein
synthlesis, unlder the experimenital conlditions used,
approached saturationi wlhen about 0.5 tuc/ml, were
supplied. At the higher salt concentrations, how-
ever, incorporation was linear with increasing ac-
tivitv of the amino acid (fig 1). This may be taken
to support the view that salinity affects permeability.
thus affecting the concenitratioin of the amlino acid at
the site of protein synthesis. Moreover the metabolic
fate of the aImlilno acid is also affected by the type of
salinity and the concentrationi (table I).

The incorporation of the amino acid inlto protein,
in absenice of salt in the reaction mixture, is lower
in roots grown at higher levels of salinity thain in
the conitrol roots (table I aind fig I and 2). This
miax be taken as an indication of salinity damiiage to
the incorporationi sites. However, roots growni at
low levels of salinity showed even higher incorpora-
tion thani the controls. Unfortunately, the absorp-
tive ability of such roots was not studied. There is
also somiie evidence for adaptation to NaCl saliniity
(fig 2).

The comlparison of the 3 lines in the graphs in
figure 2 indicates the possibility that, in root tissue,
salinity affects uptake more than incorporation. This
is supported also by the data presented in table I.
These findings are contrary to those of Benzioni
et al. (1) for tobacco leaf tissue. In their experi-
ments, salt stressed leaf discs absorbed approximately
three-fourtlhs of the anmount of labeled leucine ab-
sorbed by the noil-stressed discs. In our experiments
(table I), stressed roots absorbed only approximatelv
one-tenth of the anmotulnt absorbed by the non-stressed
roots. On the other hand the incorporation in roots
was less affected by salinity than in leaves.

The balance of the absorbed amiino acid (table I)
showzs clearly that various aspects of mletabolisimi are
affected bv salinity and that the effects of NaCI and
Na2,SO, are nlot identical. This is supported by the
prelimiinary investigation of the amino acid comilposi-
tion of the proteins.

Working with tobacco leaves, Itai (4) and Ben-
zioni ct al. (1) have shownii that kinetin caIn increase
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incorporation of leucine into leaf proteins in non-
stressed leaves and can abolish the inhibition in
protein synthesis caused by various kinds of stress
(water stress, osmotic stress, and salinity stress).
It was suggested that reduction in kinetin content
is the common denominator for most types of stress.
It seems that this is not the case in our experiments
(table II)._ While results w,ith roots exposed to
NaC1 induced stress partially agree with those of
Itai and Benzioni et al., roots exposed to Na,S04
induced stress behave differently.

Root tissue apparently differs from leaf tissue
also in its response, or sensitivity, to kinetin treat-
ment. While in Itai's (4) and Benzion,i et al. (1)
experiments, non-stressed leaf discs treated by kinetin,
incorporated labeled leucine much more intensively
than discs not treated with kinetin, this was not the
case in roots. The same concentration of kinetin
significantly inhibited uptake and incorporation in
non-stressed root tissue.

In these experiments the effect of sodium salts of
2 different anions was studied. But the concentra-
tion of sodium itself at the 2 different treatments
was not identical. Therefore the effect must be
even more complicated than it appears at first sight.
.Much further work is necessary for a more complete
clarification of the problem.
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