BIOLOGIA PLANTARUM 47 (3): 373-377, 2003/4

Effect of short-term salinity on lipid metabolism and ion accumulation
in tomato roots

G. RACAGNI'*, H. PEDRANZANI*, S. ALEMANO*, E. TALEISNIK**, G. ABDALA*
and E. MACHADO-DOMENECH*

Facultad de Ciencias Exactas, UN.R.C, 5800-Rio Cuarto, Argentina*
Instituto de Fitopatologia y Fisiologia Vegetal, INTA, 5119-Cérdoba, Argentina**

Abstract

To examine the ion accumulation and membrane lipid metabolism in response to salinity we compared two tomato cvs.
Pera and Hellfrucht Fruhstamm (HF), considered to be salt-tolerant and sensitive respectively. Na* and K accumulation
was significantly higher in roots of cv. Pera after 24 h and 72 h of 100 mM NaCl. While in cv. HF, a temporary increase
in K* accumulation at 24 h was accompanied by a sustained increase in Na' content. Both cultivars enhanced
incorporation of [**PJorthophosphate into phosphatidylinositol 4,5-bisphosphate at 24 h and 72 h of NaCl. In parallel to
the increase of phosphatidylinositol 4,5-bisphosphate a decrease in phosphorylation of phosphatidic acid and
phosphatidylcholine were observed in the sensitive cv. HF. Structural and signal lipid changes in response to salinity
were more evident in the sensitive cv. HF. Salt tolerant cv. Pera accumulated Na® ions in the roots without considerable

modifications in lipid metabolism.
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Introduction

Tomato is a widely distributed and consumed annual
vegetable. It is adapted to a wide variety of climates, but
production is concentrated in warm and rather dry areas,
where soil salinity often represents a serious constraint
for productivity (Cuartero and Ferndndez-Mufioz 1999).
Much effort has been invested in selecting and improving
plants with increased salt tolerance in this species.
Understanding the physiological basis of salt tolerance
can point to metabolic sequences that have relevant roles
in salt tolerance.

Ion regulation is important in determining salt
sensitivity (Munns 1993). Excess Na' and CI, the
predominant ions in saline soils, create ionic imbalances
that may impair selectivity of root membranes (Bohra and
Dorffling 1993). Potassium is an important nutrient in
many physiological processes, and the maintenance of
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high K cytosolic levels is essential for plant survival in
saline habitats (Chow et al. 1990). Saline conditions can
reduce K uptake by plants (Chow et al. 1990, Romero
et al. 1994, Botella et al. 1997).

Membranes are important for regulating cell ion
content; changes in plasma membrane composition can
affect membrane permeability, fluidity and also the
activity of transporters. Membrane lipids are precursors
for the synthesis of compounds that have intracellular or
long-range signaling activities. The metabolic pathways
of glycerophospholipid biosynthesis in plants have been
studied (Munnik et al. 1998a).

Phosphatidylinositols, frequently referred to as
phophoinositides, have important functions in signal
transduction pathways and could serve as second
messengers to extracellular signals. It has been shown
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that increased synthesis of phosphatidylinositol 4,5
bisphosphate (PIP,) and diacylglycerol pyrophosphate
(DGPP), as well as increased turnover of
phosphatidylcholine (PC), may be involved in the
response to high salinity in plant cells (Pical et al. 1999).
However, the effect of hyperosmotic stress on
phosphoinositide turnover varies significantly among
plant species. In Arabidopsis thaliana, the expression of
one phosphatidylinositol 4P kinase (PIP-k) gene (Mikami
et al. 1998) and one phospholipase C (PI-PLC) gene

Materials and methods

Tomato (Lycopersicon esculentum Mill.) cultivars Pera
(salt tolerant) and Hellfrucht Fruhstamm (HF, salt
sensitive) were grown hydroponically in half-strength
Hoagland solution. Plants with 5 - 6 leaves were exposed
to salt stress by addition of 100 mM NaCj to the culture
medium. The control plants were not exposed to NaCl
treatment. At 6, 24, and 72 h after continuous
salinization, control and treated roots of both cultivars
were harvested and processed for ion accumulation and
phospholipid analysis. Na* and K™ ions were measured in
triplicate by atomic emission spectrometry using a
Shimadzu ICPS 1000 spectrometer (Tokyo, Japan).
Statistical analysis of data was performed using General
Linear Model of SAS (Statistical Analysis System) and
Duncan's multiple range test.

Lipid analysis was performed in three independent
experiments, each sample consisted of roots excised from
four plants. Roots were incubated at 25 °C with
[**P]orthophosphate [(1.1 x 10 Bq mg\(tissue)] in
50 mM sodium cacodylate (pH 6.5) for 18 h. The tissue

Results

The effect of NaCl on Na” and K* accumulation in both
cultivars showed different patterns (Table 1). In cv. Pera
a significant Na" and K" accumulation after 24 h and 72 h
of salinization was observed. The most significant
difference in the cv. HF was the transient K'
concentration increase at 6 h and 24 h. The increment of
Na' showed a similar pattern as that found for cv. Pera,
but after 72 h accumulation was lower.

Under control conditions, total lipid phosphorus was
80 + 8.4 ug(Pi) g'(fm.) and 110 £ 15.5 pg(Pi) g'(fm.),
in cv. Pera and HF, respectively. After 24 h the value
decreased to 80 + 11.0 ug(Pi) g''(fm.) tissue in cv. HF,
while in cv. Pera it remained unchanged.

Radioactivity analysis of each phospholipid (in steady
state) showed that [**P]Pi was mainly incorporated into
phosphatidylethanolamine (PE), phosphatidylglycerol
(PG) and phosphatidic acid (PA) (Fig. 1). PE appeared as
a major band comprising approximately 63 - 65 % of the
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(Hirayama et al. 1995) increased by salt stress,
suggesting that phosphoinosites may participate in the
response to high salinity.

In the present study we analyzed Na' and K'
accumulation and membrane lipid phosphorylation in
response to salinity in two tomato cultivars differing in
their salt sensitivity. We also studied the phosphorylation
of minor lipid-precursors in order to assess the rate of
lipid signal molecules production.

was then filtered, washed and processed. Total lipids
were extracted according to Bligh and Dyer (1959). The
extract was washed with neutral upper-phase
chloroform : methanol : 0.1 M KCI (3:48:47, v/v), dried
under a stream of nitrogen and redisolved in
chloroform : methano! (9:1, v/v) (Racagni et al. 1992).
Phospholipids ~ were  separated by thin layer
chromatography (TLC). The samples were spotted on
silica gel plates impregnated with potassium oxalate
solution and heated at 110 °C for 60 min just before use.
The chromatoplate was developed with either chloro-
form : methanol : acetone : acetic acid : water (40:14:15:12:7,
v/v) or chloroform : methanol : 25 % amonium hydroxide
(90:70:20, v/v). Chromatograms were exposed to iodine
vapour and inorganic phosphorous content was quantified
as described Racagni et al. (1992) after mineralization of
the sample with perchloric acid at 180 °C. The position of
radiolabeled lipids was determined by autoradiography
on a 3M ray film. Spots were scraped off the plates, and
fractions were counted in a liquid scintillation counter.

total labeled phospholipids. The phosphoinositides
phosphatidylinositol 4,5-bisphosphate (PIP,), phospha-
tidylinositol 4-monophosphate (PIP) and phosphatidyl-
inositol (PI) were minor constituents, as in other

Table 1. Na" and K* accumulation [mmo! g™'(d.m.)} in roots of
tomato cultivars at different duration of NaCl treatment
(* - differences significant at P < 0.05; Duncan's multiple range
test).

NaCl cv. Pera cv. HF
Na’ K* Na* K*
Control 14+026 100+0.14 1.2+£004 103x1.10
6h 36063 94+090 49+0.73% 13.7+1.15*
24 h 6.5+0.29*% 140+2.11* 65+195+ 285+ 1.15*
72h 247+ 1.14% 157+ 1.60* 9.1 £0.65« 10.5+0.52




eukaryotic cells (Irvine ef al. 1989). PI did not separate
from lyso-phosphatidylethanolamine (LPE) with the
developing solvent used in this case, and comprised
approximately 4 - 6 % of the total labeled phospholipids
in all the samples analyzed. Salinized plants of cv. HF
showed a significant, yet temporary increase in [*’P]
PI/LPE after 24 h of salt treatment (data not shown).

The 6 h salt treatment did not produce modifications

Discussion

In this species, salinity increased Na* concentration in
shoots as well as in roots (Cuartero and Fernindez-
Muiioz 1999); thus, in the present study the characteristic
accumulation of this ion in response to salinity was
observed for both cultivars. However, sodium
accumulation rate in the tolerant cv. Pera roots from 24 h
was higher than in the sensitive cv. HF; this fact is
consistent with reports that cv. Pera is considered to be an
ion accumulator (Pérez-Alfocea er al. 1993) and this
response is similar to that found for wild tomato cultivars.
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Fig. 1. Root phospholipid pattern of Lycopersicon esculentum,
cv. Pera (above) and cv. HF (below) control plants. Mean + SE
from 3 independent experiments. Roots were incubated with
[**P]Pi for 18 h at 25 °C. Phospholipids were resolved by TLC
and the radioactivity was determined (see Materials and methods).

Unlike the report of Cuartero and Fernidndez-Muiloz
(1999), who sustain that K* concentration in roots of
salinized-tomato plants showed less variations than those
cultivated under salinity, our results indicate that K* was
mainly accumulated in the roots of cv. HF during the first
hours of salinization, although at 72 h the difference
between both cultivars was highly significant for
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in the phospholipid pattern of either cultivar. A decrease
in PA content was significant only for the cv. HF at 72 h
of the salt treatment. PIP, showed a significant increase at
24 h and 72 h representing a 70 % increase for the cv. Pera
and 39 % for cv. HF. Another modification observed at
24 h and 72 h was a decrease in the label of PC in cv. HF
(Fig. 2). Nevertheless, [*°P] incorporation into lipids
showed earlier and more significant changes in cv. HF.

cv. Pera. The augmented level of K* in the roots of both
cultivars might be associated with a mechanism to
counter the toxic effect of the salt (Cuartero et al. 1992).
In general, K* slightly diminished by the salt effect
although not all the genotypes responded in the same
way. For example in the cv. Edkawy the K* concentration
remained unchange (Cruz et al. 1990) and in L. pennellii
it slightly increased (Bolarin et al. 1995).
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Fig. 2. [P*PIPA, [P’PIPIP, and [*P]PC formation in
Lycopersicon esculentum roots, cv. Pera and cv. HF in the
presence of NaCl at 24 h and 72 h of salinization. Others
specifications as in figure legend 1. * - the difference statisti-
cally significant at P < 0.05; Duncan’s multiple range test.

Oscillations in lipid phosphorous were observed in cv.
HF: at 24 h a decrease of total lipid phosphorous was
observed which was counter-balanced at 72 h. These
changes suggest an increased metabolism of the
membrane compounds. This effect may reflect changes in
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phospholipid synthesis as a response to salt stress in the
sensitive cv. HF.

Our results from control and treated roots of both
cultivars. showed a high labeling of PE, which may
indicate that this lipid was formed from rapidly labeled
precursors, suggesting entry of the phosphate first into
PA by phosphorylation- of diacylglycerol (DAG).
Phosphatidylserine (PS), another PE precursor, was not
identified in our system suggesting that the decarboxylase
that forms PS might not be present in the tomato roots.
Hence, the heavily labeled lipids, PE, PG and PA, may
form one metabolic sequence.

Likewise, DAG may also be a precursor to other
lipids such as phosphatidycholine (PC), which is synthe-
sized from cytidyl-diphospho-choline (CDP-choline).
Since PC decreased in treated roots only in cv. HF, the
data suggest that enzymatic activity in the biosynthesis
pathway may have decreased in response to salt
treatment. Our results are in agreement with Wu et al.
(1998) who, working with Spartina patens, a well-known
halophyte, reported that the content of PC and PE showed
a decrease in salt-treated plants, but the PC/PE ratios
were not affected. Another possible explanation for the
change in PC could be an increased phospholipase D
(PLD) activity. If this were the case, the adaptation
process could also involve a change in the signaling
pathway. PLD has been identified as an important
signaling enzyme that produces both PA and choline
(Munnik et al. 1998a,b). This activity was considered to
play a role in mediating the salt stress process (Munnik
et al. 2000).

The observed increase in PIP, and decrease in PA
could be related to the activation of phospholipases such
as PLC and PLD, or, altematively, changes in
phosphatidylinositol ~ 4-monophosphate  kinase and
phosphatidate phosphatase.

In Arabidopsis thaliana suspension-cultured cells,
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