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It has been suggested that the activity of plasma
membrane (PM)-bound enzymes, including
ATPase, is regulated by membrane lipid composi-
tion (Carruthers and Melchior 1986) . Two theories
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Abstract. Six-day-old rice plants (Oryza sativa L .,
eV Bahia) were grown for 5 days more in nutrient
Solution culture containing 10` 5 M abscisic acid
(ABA) or gibberellic acid (GA3) (treated plants) .
Plasma membrane (PM) vesicles were isolated from
the shoots of treated or control plants, and ATPase
hydrolytic and proton-pumping activity, fluidity,
and free sterol and phospholipid composition were
determined . Both treatments resulted in modified
plant growth and increases in PM fluidity . The
ATPase hydrolytic activity was decreased by 25%
of control values with ABA treatment and by 35%
With GA3 . Both treatments reduced proton-
Pumping by 23%. GA3 treatment reduced the rela-
tive amount (%) of stigmasterol in the PM from 38-
34%, and increased 6, 5 -avenasterol from 4-7% .
ABA and GA3 did affect the percentage composi-
tion of the fatty acyl chains of phosphatidylinositol
(PI) . GA; treatment also resulted in a reduction of
the total amount of PI from 73-37 mg mg -1 protein,
as well as a decrease in the overall PM C16/C18 ratio
and an increase in the degree of unsaturation . Our
results show that there is no common link between
a specific change in lipid composition and fluidity in
these membranes . On the other hand, the reduction
in Mg2+ -ATPase activity found with both hormones
suggests that there is no relationship between mem-
brane-bound enzyme activity and membrane fluid-
ity,

are currently postulated to explain the mechanism
by which this regulation occurs . One suggests that
changes in membrane lipid composition alter the
fluidity of the membrane and thus the enzyme ac-
tivity (Douglas and Walker 1984), whereas the other
theory postulates a direct binding of lipids to the
enzyme (Simmonds et al . 1982) .

It has been found that changes in PM lipid com-
position caused by stress or xenobiotic treatment,
in turn affect ATPase activity (Cooke and Burden
1990) . These treatments also modify plant hormone
levels . Thus, abscisic acid (ABA) has been shown
to accumulate in plants subjected to different
stresses, such as water stress (Creelman 1989), ni-
trogen stress (Chapin 1990), or heavy metal stress
(Barcelo et al . 1986) . Under similar stress condi-
tions, alterations to the plant lipid composition oc-
curs (Davis 1972, Rooney et al. 1990) .

On the other hand, xenobiotics, such as the tria-
zole, paclobutrazol (a plant growth regulator), the
pyrimidine methanol, nuarimol (a fungicide), or the
norbornenodiazetine, tetcyclacis (an experimental
plant growth regulator), not only inhibit the biosyn-
thesis of the gibberellins, but also alter PM lipid
composition (Cooke et al . 1989, Haughan et al .
1989) . Furthermore, the ATPase activity of nuari-
mol- and tetcyclacis-treated plants is increased,
compared with untreated plants (Cooke et al . 1989) .

Therefore, there are grounds for supposing that
plants may directly, or indirectly, modify the com-
position of membranes and may, thereby modulate
the activities of membrane-bound enzymes . In this
work we have studied the effect of exogenously ap-
plied gibberellic acid (GA 3 ) and ABA on rice plants
to see whether a relationship between PM lipid
composition, fluidity, and ATPase activity exists .
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Materials and Methods
Plant Culture

Rice seeds (Oryza saliva L . cv . Bahia) were sterilized in 2%
sodium hypochlorite and placed on stainless-steel grids sus-
pended above a 5-L beaker containing an aerated culture solu-
tion comprising 0 .1 mM KCI, 0 .3 mM KNO 3 , 0.1 mM
Ca(N03 ) 2 . 4H20, 0.1 mM NaH2PO4 - 2H20, 0.05 mM
MgSO4 - 7H 20, 0.24 mM NH 4NO3 , 3 mg . dm -3 Fe-EDDHA
(Sequestrene), I .M MnSO4 - 4H20, 3 µM H 3B0 3 , 0.1 µM
CuSO 4 . 5H 2 0, 0 .1 µM ZnSO 4 , and 0 .03 µM
(NH4)6Mo7024 . 4H 2O. The plants were grown in the dark in a
controlled environment at 30°C . Six days after sowing light was
provided to stimulate a minimum 16 h photoperiod, and either
ABA (10_

5
M) or GA, (10 - ' M) was added to the culture solu-

tion . Shoots of both treated and untreated plants were harvested
5 days after treatments started and the PM isolated immediately .

PM Preparation

PMs were isolated and purified using the two-phase aqueous
polymer technique of Larsson et al . (1987) . Approximately 7 g of
shoot material was chopped finely and vacuum infiltrated with 50
cm 3 , 50 mM N-2-hydroxyethylpiperazine-N-2-ethane sulphonic
acid (HEPES) (pH 7.6 with KOH) plus 500 mM sucrose, 5 mM
ascorbic acid, 3 .6 mM cysteine, and 0.6% (wt/wt) polyvinylpyr-
rolidone (PVP) . The buffer-saturated material was homogenized,
filtered through a 240-µm mesh nylon cloth, and centrifuged at
10,000 g for 15 min . The supernatant was collected and centri-
fuged at 100,000 g for 30 min to yield a microsomal pellet which
was resuspended in 3 cm 3 of 330 mM sucrose, 5 mM HEPES-
KOH (pH 7.6) (buffer 1) . The suspension (3 g) was loaded onto
9 g of phase mixture to yield a 12 g two-phase system containing
6.2% (wt/wt) Dextran T500, 6 .2% (wt/wt) polyethylene glycol
(PEG) 3350, 3 mM KCI, 5 mM HEPES-KOH (pH 7 .6), and 330
mM sucrose, A batch procedure was used to purify the PMs
(Larsson et al . 1987) . The third upper phase was diluted with
buffer 1 plus 4 mM dithiothreitol (DTT) and centrifuged for 30
min at 100,000 g . The resulting pellet was resuspended in I cm'
of the same buffer . Aliquots of the resuspended PM pellet were
taken for sterol, phospholipid and protein analysis, ATPase as-
says, and proton-pumping and fluidity measurements . All were
stored at -20°C .

Sterol Analysis

Sterols were analyzed using the method described by Burden et
al . (1987) . Five percent KOH in 80% ethanol (2 .5 cm') was added
to 0.25 cm 3 of resuspended PM along with 10 min' 0-cholestanol
(0.1 mg cm3 ) as an internal standard . The mixture was heated at
80°C for about 3 min, cooled, and 10 cm 3 hexane added, followed
by 5 cm 3 water, and shaken . The hexane layer was removed to a
tube containing about 0 .1 g of sodium sulfate to dry the solvent,
and a further 10 cm 3 of hexane added to the original extract . The
mixture was shaken and the hexane layer removed and pooled
with the first 10 cm 3 hexane solution . The hexane extracts were
dried and acetylated for I h with 50 mm' pyridine and 50 mm'
acetic anhydride . The solvent was removed under nitrogen and
the residue dissolved in ethyl acetate . The sterol acetates were
analyzed by gas chromatography (GC) using an SE-52 bonded
capillary column (25 m x 0.25 mm ID) with hydrogen (0 .75 kg
cm- ') as the carrier gas and a temperature program of 120-260°C
at 5°C min - ' . Sterols were identified by comparing relative re-
tention times with known standards .

Phospholipid Analysis

The method used was that previously described by Cooke et al .
(1989) . Chloroform :methanol (1 :2 vol/vol) (0 .75 cm') was added
to the PM suspension (0 .25 cm 3 ) in an Eppendorf tube and the
mixture shaken, after which a further 0 .25 cm 3 of chloroform was
added, followed by shaking, and centrifugation at 10,000 g for 6
min. The chloroform layer was removed and the solvent evapo-
rated under nitrogen . Propan-2-ol:hexane:water (54 :40 :6) (0 .2
cm3 ) was added to the residue and the resulting lipid extract
stored at -20°C . Phosphatidylethanolamine (PE), phosphatidyl-
inositol (PI), and phosphatidylcholine (PC) were separated by
high-performance liquid chromatography (HPLC) using the
method of Patton et al . (1982) . The PE, PI, and PC fractions were
detected by UV (205 nm) and collected ; 25 mm 3 methyl hepta-
decanoate (0 .1 mg cm -3 ) was added as an internal standard and
the sample evaporated to dryness under nitrogen . Sodium meth-
oxide (0 .5 N) (2 cm3) containing 5% (vol/vol) 2,2'-dimethoxy-
propane was added to the residue and heated at 40°C for 10 min .
The solution was cooled, 2 cm' of hexane added followed by I
cm 3 water, and the mixture shaken . The hexane layer was evap-
orated in a "Speed-vac concentrator" and the residue dissolved
in 25 mm 3 of ethyl acetate . The resultant solution was analyzed
for fatty acids by GC using an RSL 500 BP bonded capillary
column (25 m x 0 .25 mm ID), with helium as the carrier gas (0 .75
kg cm- ') and a temperature program of 170-200°C at 2°C min - '
The phospholipid content was calculated from the amount of
fatty acid found in the PE, PI, and PC fractions .

Fluorescence Polarization Measurements

The fluidity of the PM was determined by steady-state fluores-
cence polarization using a Perkin-Elmer LS5 luminescence spec-
trophotometer fitted with a polarization accessory . Determina-
tions were made using the resuspended PM fractions, diluted to
give a protein concentration of 300 µg cm - ' with an assay me-
dium of 40 mM HEPES-KOH (pH 7), 100 mM KCI, 5 mM
MgSO 4 , and 0.1 mM EGTA. Samples contained 0 .5 mm' of I
mM 1,6-diphenyl-1,3,5-hexatriene (DPH) in tetrahydrofuran
(THF) and were compared with samples to which only 0 .5 mm 3
THF had been added (blanks) . The THF was evaporated under
nitrogen and samples and blanks incubated in a water bath for I
h at 20°C . Measurements of the fluorescence emission of samples
and blanks at 430 nm with excitation at 360 nm were made at
20°C. The fluorescence polarization (P) was calculated from the
following equation :

P
Ivv-JVH (G)
Ivy + IvH (G)

where I is fluorescence intensity and G (the grating correction
factor) is IHV/IHH . The subscript V (vertical) and H (horizontal),
describe the position of the polarizers in the excitation or emis-
sion beams, respectively .

ATPase Assays

The assay medium contained 0.01% Triton X-100, 3 MM MgSO 4 ,
1 mM sodium azide, 0.7 mM sodium molybdate, and 3 mM ATP
(Na salt), all in 50 mM MES-TRIS buffer (pH 6 .5) . The reaction
was started by adding 25 mm' PM (diluted to give 1-2 p.g protein

C. Martfnez-Cortina et al .
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per assay in a final volume of 112 .5 mm3) . After incubation for 30
min at 37°C, the reaction was stopped by adding 250 mm 3 sodium
dodecyl sulfate (SOS) (10%) . Total inorganic phosphate (P i) re-
leased from ATP hydrolysis was determined by the method of
Ames (1966) ; 300 mm 3 ascorbic acid (10%), ammonium molyb-
date (0.42%) in sulfuric acid (1 N) was added to the reaction
mixture . After 45 min at 37°C the reaction was stopped with ice
and the absorbance measured at 820 rim . Samples were com-
pared with blank and standards to which SDS was added before
the reaction started .

Proton-Pumping Measurements

Resuspended PM vesicles (enough to give 300 µg of protein),
which had undergone three freeze-thaw cycles (from -20-
20°C), were added to a cuvette containing 20 mM BTP/MES (pH
6.5), 5 mM TRIS . ATP (pH 6 .5), 25 mM potassium nitrate, I µM
ACMA, and water to make the volume 2 cm 3 . The cuvette was
placed in a Perkin-Elmer LS5 luminescence spectrophotometer
and maintained at 30°C with constant stirring . The reaction was
started with the addition of 20 mm 3 5 mM magnesium chloride
and the change in fluorescence emission measured at 485 nm
with excitation at 415 nm. The change in emission was recorded
on a Bryans recorder with a chart speed of 30 cm h' . The rate
of proton-pumping was calculated from the slope . The proton
gradient was collapsed with 20 mm 3 calcium chloride (100 mM) .

Protein Determinations

The Bio-Rad protein assay reagent was used with thyroglobulin
as standard (Bradford 1976) .

Data Analysis

All experiments were repeated at least three times and the data
analyzed using the unpaired Student's t-test . The significance
level was fixed at p < 0.05 .

Results
Shoot height was reduced by 50% after 5 days with
ABA treatment, but the fresh and dry weights in-
creased by 50 and 39%, respectively, as compared
with untreated plants (Table 1) . However, with GA3
treatment the opposite effect was observed on these
parameters, i .e ., an increase of 38% in shoot height
and a reduction in fresh and dry weights of 17 and
21% (Table 1) .

The specific hydrolytic activity of the PM Mg 2 -
ATPase was reduced by ABA and GA 3 treatment
by about 25 and 35%, respectively (Table 2) . The
PM ATPase proton-pumping activity was also de-
creased by ABA and GA3 by about 23% with re-
spect to control plants (Table 2) .

Changes were detected in the % composition of
the PM sterols in ABA- and GA 3-treated plants
compared with controls . GA3 treatment resulted
in a significant reduction from 38 .2-34.1% in stig-
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Table 1. Growth parameters of rice shoots treated with and with-
out ABA or GA3 (10 -5 M) .

Control
ABA 00 -s M)

GA, (10 -5 M)

Mean values ± SE (% over controls) .
° Indicates significant differences at the 95% level of confidence
or better (unpaired t tests), compared with controls .

masterol and an increase from 3 .7-7.2% in A S -
avenasterol ; a trend was observed which suggested
an increase in sitosterol . Opposite, but not statisti-
cally significant changes in these sterols were ob-
served after 5 days of treatment with ABA . Total
sterol content (on a unit protein basis) was not af-
fected by any treatment (Table 3) .

Phospholipids (PE, PC, and PI) were determined
on the basis of their fatty acid composition, and
were expressed as total (on a unit protein basis)
percentage composition of fatty acid, fatty acid
chain length ratio (C,,,/C,8), and fatty acid bond in-
dex (BI) (calculated from % 16 :1 + % 18:1 + %
18:2 x 2 + % 18 :3 X 3) (Tables 4-6) . No changes
were found in the fatty acid composition, C 16/C 18
ratio, BI, and total amount of PE with either of the
treatments (Table 4). With ABA treatment, de-
creases were observed in the relative composition
of the C18.1 and 018.3 fatty acyl chains of PC (Table
5) . GA3 treatment had no effect on the acyl chain
composition of PC, or the total amount (Table 5) .
However, ABA and GA 3 treatments affected the
relative fatty acid composition of PI (Table 6) . Both
treatments resulted in a significant decrease in the
relative amounts of C16 .1 (from 28 .2% for the con-
trol to 15 .9 and 16.3% for ABA and GA 3 , respec-
tively), accompanied by increases in C, $ .0 and C 18 . 3 .
With GA3, the percentage composition of C18.1 was
reduced from a control value of 12 .6-7.8%, and this
treatment resulted in a reduction in the total amount
of PI in the PM (by 50% with respect to control)
(Table 6) .
The results of exogenous hormone treatment on

PM order parameter (P), as measured by steady-
state fluorescence polarization (Table 7), showed
that ABA and GA 3 significantly increased the flu-
idity by about 7 and 6%, respectively (the lower the
P value, the greater the fluidity) . This modification
was not accompanied by changes in the PE/PC ratio
or the mole percentage sterol of total lipid (sterol

Height
(mm)
N= 4

Fresh wt
(mg cm' ')
N° 4

Dry wt
(mg cm ')
x 10 - '
N° 4

131.7 ± 11 4.4 ± 0 .1 0.60 ± 0.02
66.3 ± 4 6.6±0.1 0.84 ± 0.03

(50)° (150)° (l39)°
181 .7±6 3.8±0.1 0.48 ± 0 .01
(138)8 (86)° (79)°
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Table 2 . Mg"-ATPase hydrolytic activity and rates of proton-pumping from PMs of rice shoots
treated with and without ABA or GA 3 (10 -5 M) .

Total activity
(µmol P; h - '
g fw - ')
N = 4

Control

	

5.3 ± 0 .7
ABA (10 -5 M)

	

2.8 ± 0 .4 (53) 1
GA 3 (10-5 M)

	

4.06 ± 0 .5 (77)"

Mean values ± SE (% over control) .
Indicates significant differences at the 95% level of confidence or better (unpaired t tests), compared

with controls .

Table 3 . Sterol composition (% of total), sitosterol/stigma sterol
ratio, campesterol/sitosterol ratio, and total sterol content (µg
mg- ' protein) of shoot PMs from rice plants treated with and
without ABA or GA 3 (10 -5 M) .

ABA

	

GA3
Control

	

(10 -5 M)

	

(10 -5 M)

Mean values ± SE (N = 3) .
a Indicates significant differences at the 95% level of confidence
or better (unpaired t tests), compared with controls .

plus phospholipid) (Table 7) . However, only GA 3
treatment produced plants with a lesser proportion
of C 16 fatty acids, but more C 18 fatty acids in the PM
compared with untreated plants . This was reflected
in the overall C 16JC 1S ratio of GA 3-treated plants
which was 19% less than the control (Table 7) .
More unsaturated fatty acids were present in the
PM from GA 3-treated plants, and a significant in-
crease (7%) in the overall BI was found in these
plants with respect to controls .

Discussion

Both hormones, ABA and GA 3, modified the
growth of rice. The decrease in shoot height pro-
duced as a result of ABA application is the normal
response to this treatment (Addicott and Lyon
1969, Walton 1980) . Though total plant fresh and
dry weight also decreased in comparison to con-

Specific activity

	

Proton-pumping
(µmol Pi h - '

	

(% quench min - '
mg- ' protein)

	

mg -- ' protein)
N = 4

	

N = 2

91 .1 ± 8 .4

	

7.0 ± 0 .15
67 .9 ± 4 .6 (75)a

	

5.4 ± 0 .1 (77)a
59 .1 ± 4 .5 (65)a

	

5.4 ± 0 .3 (77)a
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Table 4 . Fatty acids (%) and total amount (µg mg - ' protein) in
the PE fraction of shoot PMs from rice plants treated with and
without ABA or GA3 (10 -5 M) .

Mean values ± SE (N = 3) . Bond index and C 16/C 1B ratio are
also shown .

trols, an increase in fresh and dry weight per unit
length was observed (Table 1) . On the contrary,
with GA3 treatments, shoot extension growth in-
creased greatly (Table 1) . This is a typical effect
that has been observed with pea plants (Westerman
and Roddick 1982) and Avena stem segments (Ju-
saitis et al . 1981) . However, fresh and dry weights
per unit length were reduced by GA 3 application
(Table 1) .

Although applications of GA 3 and ABA produced
opposite effects on shoot growth, both hormones
had the same effect of reducing the specific hydro-
lytic and proton-pumping activities of PM Mg Z+ -

ATPase (Table 2) . Thus, the hormone effect on
ATPase activity does not seem to be a consequence
of the growth response .
Reductions in ATPase activity have been ob-

served in plants under stress, viz . nitrogen starved
cleavers (Rooney et al . 1990) and freezing injury in
wild potato (Iswari and Palta 1989), conditions that
also lead to ABA accumulation (Chapin 1990) .
Though the mechanism by which ATPase activity is
affected by stress is not known, it is worth noting

Cholesterol 2 .7 ± 0 .6 4 .8 ± 2 .1 2 .4 ± 0 .7
Campesterol 22 .1 ± 0 .7 22 .8 ± 0 .9 21 .0 ± 1
Stigmasterol 38 .2 ± 0.57 39 .2 ± 1 .3 34 .1 ± 0 .86''
Sitosterol 33 .4 ± 0.98 30 .4 ± 0 .78 35 .2 ± 2 .6
0 5 -avenasterol 3 .7 ± 0 .05 2 .9 ± 0 .3 7 .2 ± 1 .2'
Sitosterol/

stigmasterol 0.88 ± 0.04 0.78 ± 0 .03 1 .03 ± 0 .1
Campesterol/

sitosterol 0 .66 ± 0.05 0 .75 ± 0.04 0 .61 ± 0.07
Total sterols 109 .3 ± 15 83 .7 ± 6.5 93 .7 ± 6 .7

Control ABA (10 -5 M) GA3 (10 - s M)

C16 .0 42.3±1 .8 39 .5---*1 .2 40.7±0.5
C16 .1 8 .2 ± 1 .7 8 .4 ± 1 .0 6 .1 ± 1 .2
Cl8 .0 5 .8 ± 0 .2 7.0±0.6 5 .7 ± 0 .2
C is .1 5 .7 ± 0 .2 6.4±0.98 4 .8 ± 0 .6
C 18 .2 29 .2±2.6 30.8±0.7 34.2± 1 .1
C 18 .3 8.9±0 .8 8.1±0.6 8 .4 ± 0 .3
Bond index 98.9±6 100.8±3 104 .8 ± 1 .6
C 1fi/C ls 1 .04±0 .15 0.92±0 .05 0.88 ± 0 .02
Total PE 156 .6 ± 11 .9 159.1 ±3 .7 134 .4 ± 13 .5
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Table S. Fatty acids (%) and total amount (µg mg - ` protein) in
the PC fraction of shoot PMs from rice plants treated with and
without ABA or GA3 (10 -5 M) .

Control

	

ABA (10 -5 M) GA 3 (10-5 M)

Mean values ± SE (N = 3) . Bond index and C 16/C 18 ratio are
also shown .
a
Indicates significant differences at the 95% level of confidence

or better (unpaired t tests), compared with controls .

Table 6. Fatty acids (%) and total amount (µg mg -1 protein) in
the PI fraction of shoot PMs from rice plants treated with and
without ABA or GA 3 (10 -5 M) .

Mean values ± SE (N = 3) . Bond index and C16/C18 ratio are
also shown .
a
Indicates significant differences at the 95% level of confidence

or better (unpaired t tests), compared with controls .

that the effects we found with exogenous applica-
tions of ABA were the same as those reported in
stressed plants . On the other hand, the decrease in
ATPase activity produced by GA 3 is consistent with
the stimulation produced by applications of the GA
biosynthesis inhibitor tetcyclasis (Cooke et al .
1989) .
The relative stigmasterol content of the PM was

reduced by GA 3 application, whereas a large pro-
portional increase in 0 5-avenasterol was observed,
along with a small, but statistically insignificant, in-
crease in sitosterol (Table 3) . Jusaitis et al. (1981)
also reported a decrease in stigmasterol after in vivo
GA3 treatments in Avena stem segments . Our re-
Suits contrast with the decrease in PM stigmasterol
content observed after treatment with GA 3 biosyn-
thesis-inhibiting plant growth retardants on oat
(Burden et al . 1987, Cooke et al . 1989), barley,

Table 7 . Fluidity (P), measured by steady-state fluorescence po-
larization, PE/PC ratio, mol% of sterols (assumed average M r of
sterols = 390 .7 and phospholipids = 750), the overall phospho-
lipid (PE, PC, and PI) bond index, and the C 16/C 18 ratio from
PMs of rice shoots treated with and without ABA or GA 3
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Mean values ± SE (N = 3) .
1 Indicates significant differences at the 95% level of confidence
or better (unpaired t tests), compared with controls .

maize, and rice plants (Grossman 1990) . These ap-
parently contradictory effects may be explained by
the fact that plant growth retardants, which are in-
hibitors of cytochrome P450-dependent monooxy-
genases, may also inhibit the A22-desaturase, the
enzyme responsible for the conversion of sitosterol
to stigmasterol (Haughan et al . 1989) .

It is interesting to note that the effects of ABA
treatment on the relative proportions of 0 5 -
avenasterol, sitosterol, and stigmasterol were oppo-
site to those of GA 3 treatment (Table 3) . This could
indicate hormonal regulation of sterol biosynthesis
in rice at the step where 05-avenasterol is converted
to sitosterol and stigmasterol .
There was a trend towards a decrease in the si-

tosterol/stigmasterol ratio with ABA treatment (Ta-
ble 3) and although this was not statistically signif-
icant, such a change seems to be a feature of a
variety of stresses, including water stresses in to-
bacco (Davis 1972), salt stresses in citrus roots
(Douglas 1985), chilling in beans (Guye 1987, 1989),
and nitrogen starvation in cleavers (Rooney et al .
1990). It has been suggested that this decrease in the
sitosterol/stigmasterol ratio represents a stress-
sensitive response which affects the stability of the
PM (Guye 1987) . It was proposed that the more
bulky C 17 side-chain of stigmasterol resulted in a
less stable membrane than that produced by the
more planar sitosterol . In the present study, ABA
treatment made the membrane more fluid (Table 7) ;
however, it could be misleading to attribute this
change in membrane fluidity solely to the reduction
in the sitosterol/stigmasterol ratio especially in view
of the results of GA 3 treatment .

Membrane fluidity was increased following GA 3

treatment; this effect was similar to the ABA treat-
ment, although the effects on sterol composition
were quite different. Neither of these hormones af-

(10 -5 M) .
C16 .0 34 .8±0.8 36.9±1.3 33.2±1 .1
C16.1 6.4±0.6 8.2 ± 0 .3 6.6±0 .9 ABA GA 3
C18 .0 7 .4±0.3 8.3 ± 1 .6 6.61-0 .5 Control (10 -5 M) (10 -s M)
C18 .1 8 .9 ± 0 .4 7.0±0 .4a 8.3±0.5
C18., 31 .0 ± 1 .8 30.0 ± 1 .8 35,0 ± 1 .2 Fluidity (P) 0.312 ± 0.001 0.290 ± 0,01 1 0.293 ± 0.01a
C18 .3 11 .6±0.2 9.6±0 .5 1 10.4±0.4 PE/PC 0.690 ± 0 .03 0 .710 ± 0.09 0 .700 ± 0.04
Bond index 112 .0±3 103 .8±5 116.0±2 mol% sterol 31 .4 ± 3 .7 24 .9 ± 1 .8 33 .3 ± 2 .4
C 16/C 18 0.70

	

0 .04 0.83 ± 0 .05 0.66 ± 0 .05 Bond index 98 .8 ± 1 .6 94 .3 ± 4 105 .4 ± 1 .51
Total PC 228 .9 ± 21 228.5 ± 22 191 .1 ± 11 C 16/C 1 8 1 .07 ± 0.04 0 .98 ± 0.07 0 .87 ± 0 .03 1

Control ABA (10 -5 M) GA, (10-5 M)

C16 .0 41 .1±3 44.4±5 50.1 ± 2
C16 .1 28 .2 ± 4 15.9±0.31 16.3±1 .21
C18 .0 10 .0 ± 1 .5 15.0±0.7a 13 .1 ± 0 .5
C18 .1 12 .6± 1 .1 13.01- 2 .4 7 .8-1-0 .81
C18 .2 8.2±0 .3 10.6±2 10.2±1
C 18,3 ND 1 .2 1- 1 a 2 .3 ± 0 .21
Bond index 57.2 ± 4 .5 53.5 ± 10 51 .5 ± 0 .3
C16/C 18 2 .3 ± 0 .07 1 .5±0 .3 2.0±0.01 1
Total P1 73 .1 ± 7 74.5 ± 2 .1 36 .6 ± 0 .91
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fected the PE/PC ratio or the molar sterol compo-
sition, only GA 3 affected the overall fatty acid un-
saturation and chain length (Table 7) . This suggests
that there was no common link between a specific
change in lipid composition and fluidity in these
membranes, since the two treatments produced dif-
ferent perturbations of membrane composition and
still had similar effects on fluidity . It has recently
been shown that the factors which determine the
fluidity of the plant PM are extremely complex, and
simple explanations based on specific membrane
lipids are not always possible (Cooke et al . 1991) .
The reduction in Mgz+ -ATPase activity found with
both hormones provides further evidence that there
is no relationship between membrane-bound en-
zyme activity and membrane fluidity, since, accord-
ing to that hypothesis, an increase in fluidity should
have been accompanied by an increase in enzyme
activity . Similarly, an increase in ATPase activity
was observed in heavy metal-stressed rice plants, in
which sterol composition was altered but mem-
brane fluidity remained unchanged (Ros et al . 1990) .

A more direct effect of lipids on ATPase activity
could also be considered . In this context it is inter-
esting to note that ABA treatment increased the
campesterol/sitosterol ratio in PM vesicle (Table 3) .
A decrease in this ratio has been correlated with the
stimulatory effect of cadmium and nickel in PM
ATPase activity from rice shoots (Ros et al . 1990) .
In that work it was found that in heavy metal-
stressed plants the percentage of A 5-avenaserol also
decreased, whereas the present work showed that
GA3 produced the opposite effect. Phospholipid
acyl chain analysis again revealed the opposing ef-
fects of heavy metal and GA3 treatments as GA3
increased the fatty acid chain lengths and the degree
of saturation (Table 7), whereas nickel and cad-
mium decreased them (Ros et al . 1990) .
Treatment with GA 3 also resulted in a reduction

of PM PI content and both GA 3 and ABA signifi-
cantly altered the fatty acid composition of PI (Ta-
ble 6). These alterations to the PI fraction, a phos-
pholipid involved in cell signal transduction (the PI
cycle), may indicate some interaction between PI
and GA3 or ABA which is related to the hormones'
modes of action and the P1 cycle . It is worth noting
in this context, that treatment of celery cell suspen-
sion cultures with the GA 3 biosynthesis-inhibiting
plant growth retardant, paclobutrazol, resulted in
an increase in PM PI content (N . Rasheed et al .,
unpublished results) .
In conclusion, ABA and GA 3 treatments affected

the lipid composition, fluidity, and membrane-
bound enzyme-ATPase activity of rice shoot PMs .
Changes in fluidity produced by the treatments does
not seem to be related to specific changes in lipid

C. Martfnez-Cortina et al .

composition, since each hormone affected it in dif-
ferent ways. On the other hand, we did not find a
direct relationship between ATPase activity and
membrane fluidity, since the increased fluidity was
not reflected in an increase of the ATPase activity .
In some instances, the effects of the exogenouslY
applied hormones could be related to the reported
actions of stress and xenobiotics . It illustrates the
possibility of using experiments such as these to
perturb various aspects of plant metabolism and
hence help to elucidate the regulatory mechanisms .
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