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ABSTRACT

Bean leavesRhaseolus vulgarik.) cv. Pérola were used to evaluate the water deéifiects in polar lipids
composition and in the electric conductivity. Thesults showed that the water deficiency a effeatethe

electrolytes loss which increased gradually in @sge to water deficit. This suggested a compartiatization

loss, due to the structural cellular membranes elets degradation. Total lipids contents decreasgddason of
the water stress action. The polyunsaturated fatigl contents (linoleic and linolenic acids) suéfdra decrease
while saturated fatty acid (palmitic and stearidds) increased. The imbalance in the fatty satutatesaturated
acid relation led to a reduction in the unsaturaticndex. The electrolytes loss increase relatedttwttie to

polyunsaturated fatty acid contents reduction sstgm a larger dehydrated plants vulnerability, leedto a

consequent loss in the productivity.
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INTRODUCTION conservation and cellular compartimentalization
(El-Tohamy et al., 1999). There are different
Leguminosae are important sources of proteingnechanisms, which allow plants a high resistance
calories, vitamins and minerals. They constitute atp water deficit. Cellular membranes damage can
integral part of human diet and can also be used &¢ verified through different procedures, for
animal forage. Bean is considered a leguminougxample, directly by electronic microscopy (Sajo
plant of great social and economic importance anand Machado, 2001; Douliez, 2004) and indirectly
water deficit is one of the main factors which limitby electrolytes leakage test (Ismail et al., 2000;
the vegetable growth. According to Kramer andrhiaw and Hall, 2004). The electrolytes leakage
Boyer (1995), species submitted to areas wheii@st can evaluate damages shown by the cellular
water stress frequently occurs, developnembranes, where ions flow raise occurs in
mechanisms to facilitate a larger environmentatonsequence of a larger cellular membranes
adaptation. Protoplasmatic resistance level resulgermeability (Ismail et al., 1997). A cellular water
from the cellular membranes integrity reduction can induce modifications in cellular
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membranes permeability and fluidity due tolinoleic and linolenic acids degradation process,
bilayer fatty acids destruction in the membranemduced by the water deficiency (Chetal et al.,
(Marrink et al., 1996). A decrease in thel981; Ferrari-lliou et al., 1984; Martin et al., 1986;
unsaturation degree means a cellular membran&gvari-1zzo et al., 1989; Monteiro de Paula et al.,
rigidity increase (Monteiro de Paula et al., 19931990; Bigogno et al., 2002). In order to know
Costa Oliveira, 2001). Lipids are also theabout the better bean seedding behavior
structural elements responsible for the selectivéPhaseolus vulgarid. cv. Pérola) under water
permeability = membranes.  Therefore, thedeficit conditions and after its rehydration, a study
maintenance of these molecules physical andias done to find on the relationship between the
chemical properties renders the biologicalipids structure which constituted the cellular
membranes functional. Polar lipids are essentiahembranes (what corresponded about 40% of dry
constituents of cellular membranes and play &eight) and the resistance to cellular membranes
fundamental function in its structure andlevelly.

metabolism (Dakma et al., 1995).

Water stress, as well as other stress types, can

modify lipids membranes composition andMATERIAL AND METHODS

consequently alter cellular metabolic activities

compartimentalization (Lilienberg et al., 1992).vegetable material and cultivation
The fatty acid nature which composes plants lipidggnditions

membranes depends on the temperature and waigfa seedsPhaseolus vulgarid.) cv. Pérola
availability intimately (Ahmed et al., 1993; Kizis produced in Jardim Clonal CCP, Pacajus - CE,
et al., 2001). On the other hand, those factors playpBRAPA - Agroinddstria  Tropical, were

a very important role in the maintenance of theytivated in a greenhouse (air relative humidity
fatty acid functional configuration (Dakma et al..from 70 to 74% and temperature of 29.1+0.3 °C),
1995; Hamrouni et al., 2001; Kizis et al., 2001)in plastic vases containing vermiculit and water in
Water deficit can modify plasmatic membranespe proportion of 2:1 (v/v). Forty plants were
lipids as much as different cytoplasmaticeyjtivated, being a plant for pail. The water
organelles affect their function, as well as th&jssipated by evaporation and/or perspiration was
proper cellular metabolism. Alterations in lipids gajly restituted in the same proportion. After 40
composition of the chloroplasts membranes cafays of germination, the plants were separated and
affect different plastidials lipids in an important giyided in two lots (three repetitions each): one of
way, such as the galactolipids - MGDGihem was kept irrigated (irrigated treatment or
(monogalactosyl-diacylglycerol) ~ and =~ DGDG controly until the experiment, and the other was
(digalactosyl-diacylglycerol), the sulfolipid - sypmitted to drought through withholding water
SQDG (sulfoquinovosyl-diacylglycerol) and the (siressed treatment) for up to 45 days. The water
phosfolipid - PG (phosphatidylglycerol) (Navari- hotential (MPa) of each plant was determined by
Izzo et al.,, 1989; Monteiro de Paula et al., 199Ghe pressure chamber method (Scholander, 1964).
Lauriano et al., 2000). The foliar membranesrpg \ater potentialy() for the treatment control

tyically possess high contents of galactolipidsWas kept stable aB = -0.4 to -0.5 MPa during the
differently of a_nlmal cells mgm_branes and r]on'\_/vhole experiment. For the stressed treatment, the
grheen prllants tIISSUGS )(Ferrarl-lllou et al, dlgf’84water potential diminished to every day after
Pham Thi et al., 1987). Raising in saturated fatty . _.. . <.

acids grade and the reduction in unsaturated fat [rigation suspensiony < -7.0 MPa for 45 stress

acids induce membranes structural modifications, 2" characterizing a severe stress. The stressed
. Yreatment plants after 45 days were rehydrated for
The cellular membranes which possess a

n. . )
unsaturated level (the relation between saturatesx_days’ and their Wat_er.potentlals were re;tgred
= -0.4 to -0.5 MPa) in just two days remaining

and unsaturated fatty acid) changed i onstant until the experiment
environmental stresses function, like water stresg, P ’

are consequently modified in the selectiveM b Resist Test
permeability as in the enzymes embrane Resistance Tes

compartimentalization (El-Tohamy et al., 1999).1;1he Cﬁ“ufr rperrrl]br?rll_es int_egrity ;\_’ai m_erasured
The galactolipids unsaturation level can bdnrough the fresh foliate tissue disks. Twenty

reduced due to an increase or acceleration of tfiSks (three leaves) of 1cm of diameter were put
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into a 20 mL distilled water in the test tube andUnsaturated level

kept in the darkness (to prevent electrolytes los&ccording to Pham Thi et al. (1985), the
induced by the light). The disks were washedinsaturated index can be calculated from the
three times with the intervals of 15 minutes infollowing equation:

order to eliminate the electrolytes adsorbed ok/nsaturation Index =

disks surface as well as cells fragments produced

during the disks process. After the last wash, the (1 x %18:1) + (2 x %18:2) + (3 X %18:3)
disks were left in repose for an hour at 25°C in the 100

darkness. The electric conductivity (EC) was

measured during a period of 24 h, every two hoursvhere 18:1, 18:2 and 18:3, represent the oleic,
All results are means of three replicates. Thdinoleic and linolenic acids , respectively.
conductivity measures were done according to

Dassa-Girard method (1987) using a Lutron-CD-

4302 conductive mechanism. RESULTS AND DISCUSSIONS

Lipid analysis Membrane Resistance
Leaves were kept in bOIllng distilled water to 2The membrane resistance measured by the
min to inactivate the phospholipases of the tissuegectrolytes loss revealed accentuated losses in the
(Benson, 1964) and lipids were extracted in th@tressed treatment plants, with a significant
chloroform-methanol (James et al., 1966; Allenincrease of until 175% (in 24 h) in the electrolytes
and Good, 1971). Lipids were separeted by thifpss in the irrigated plants (Fig. 1). Even after
layer chromatography (Lepage, 1967). The totalehydration, this tendency didn't change (Fig. 2),
lipid extracts and the different classes of fattyand the plants submitted to water deficit presented
acids were quantified by the liquid-gasconductivity values highs than those of the
chromatography using heptadecanoic acid &grigated plants. An increase in the permeability of
internal standard (for details about the methodshe plants submitted to water deficit could have
see Pham Thi et al., 1985). occurred in response to an increased passive
All results are means of three replicates + SD. diffusion, probab|y due to the ||p|ds membranes
destruction. Thus, more accentuated electrolytes
losses come, consequently reflect, in the can
integrity cellular membranes loss.
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Figure 1 - Electric conductivity as a function of time fronsHls$ leaves ifPhaseolus vulgarit.
cv. Pérola., under Control conditiona), well-hydrated plants; S1, moderately
stressed plants (20day®) @nd severely stressed plants (45 dawksrénditions
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Figure 2 - Electric conductivity as a function of time fronsks leaves ifPhaseolus vulgarig. cv.
Pérola, under Control conditionsh], well-hydrated plants; S2m], severely stressed

plants for 45 days; R1¥), plants rehydrated for 2 days; R9,(plants rehydrated for 6
days.

Total leaf lipid content Progressive dehydration resulted in a steady and
steep reduction, so that in the severely stressed

Extraction method of Allen and Good (1971)plants (45 days), they were very low. After 2 and 6

demonstrated that leaves polar lipid contents wergays of rehydration, the lipid content was not

in the range of 19 mg/g DW (dry weight) for completely recovered.

Phaseolus vulgarisL. cv. Pérola (Fig. 3).

25

I Total leaf lipid

S1 S2 R1 R2

Figure 3 - Effects of water stress and rehydration on thd tigial content ofPhaseolus vulgaris
L. cv. Pérola leaves (in mg/g DW). Control, welldngted plants; S1, moderately
stressed plants (20 days of dehydration); S2, ebvetressed plants (45 days of
dehydration); R1, plants rehydrated for 2 days; t&ats rehydrated for 6 days.

Control

Effect of water deficit on fatty acids and on acid (18:3) (Ferrari et al., 1984; Navari-lzzo et al.,
total leaf lipids 1989; Monteiro de Paula et al., 1990). Linolenic
The foliate beans membranes total fatty aciécid constitutes the main galactolipids (MGDG
contents analysis revealed a typical composition aind DGDG) component of thilacoids membranes,
superior vegetables chlorophyll tissues, and a higbeing responsible for the great fluidity of these
contents in unsaturated fatty acid, mostly linolenienembranes. The reductions in the contents of
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MGDG and DGDG (Fig. 4) these directly relatedincreases and unsaturation index decreases (Fig.
to the decreases in the polyunsaturated fatty ackh). The stress treatment in plants presented
content. The capillary column gaseousunsaturation index lower than the control plants.
chromatography showed the presence of thafter 2 and 6 rehydration days, the unsaturation
following fatty acid: palmitic acid (16:0), stearic index of plants submitted to water deficit wasn't
acid (18:0), oleic acid (18:1), linoleic acid (18:2)recovered yet. The polar lipids degradation,
and linolenic acid (18:3). The total leaves fattyassociated with an alteration in the
acid composition was affected by the droughtsaturated/unsaturated fatty acid relation and a
There was an increase in palmitic (16:0) andeduction in unsaturated index come explain the
stearic acids (18:0) and a decrease in oleic (18:18Jectrolytes biggest loss and consequent
linoleic (18:2) and linolenic acids (18:3) in dehydrated plants cellular membranes
accordance with the stress severity degree (Tabt®nstructuralization.

1). The water deficit led to some fatty acid

contents modifications, inducing saturation

0,16
Bl VGDG [ ] DGDG

0,12

1 h h h
0,00 : : : :
s2 R1 R2

Control S1

ug / g DW

Figure 4 - MGDG and DGDG content (ipg / g DW ) from membranes lipids iAhaseolus
vulgaris L. cv. Pérola leaves under Control conditions, Iwsidrated plants; S1,
moderately stressed plants (20 days of dehydrati®?) severely stressed plants (45
days of dehydration); R1, plants rehydrated fora®sg R2, plants rehydrated for 6
days.

Table 1 - Water-deficitand rehydration effect on the fatty acid compoaiif total lipids inPhaseolus vulgaris
L. cv. Pérola.

Fatty acid (weight as % of total lipids)

Treatment

16:0 18: 0 18:1 18: 2 18: 3
Control 14.2 +1.5 2.1 +1.7 48 £1.6 245 £2.2 54.2.7
S1 15.9 +1.4 47 +1.8 45 £2.0 23.1 £2.9 53+.2.5
S2 285 +1.5 21.9 1.0 3.9 £2.1 13.7 £1.7 32.0.7
R1 135 +1.3 3.4 £1.9 8.5 1.9 20.1 1.2 531.1
R2 13.8 +1.8 20 +17 42 0.8 28.0 +1.3 53.1.8
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The polyunsaturated fatty acid content reductiomontent submitted to water deficit would
induces metabolic alterations in the cellularsupposedly render these membranes less efficient
membranes. It, accompanied by the saturated fatly enzymatic reactions, inducing precocious
acid content increase, conditions a larger rigiditysenescense process and vegetable productivity
in cellular membranes. Hence, alterations in plantsonsequent loss.

cellular membranes fatty acid composition and

25
Il Unsaturation Index

S1 S2 R1 R2

Figure 5 - Unsaturation Index from membranes lipidsAhaseolus vulgaris.. cv. Pérola leaves
under Control conditions, well hydrated plants; Bibderately stressed plants (20 days
of dehydration); S2, severely stressed plants (d%s dof dehydration); R1, plants
rehydrated for 2 days; R2, plants rehydrated fdays

Unsaturation Index

Control
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