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CHANGES OF PLASMA MEMBRANE ATPase ACTIVITIES AND
PROLINE ACCUMULATION IN TWIGS OF CASUARINA UNDER
DIFFERENT GROWTH CONDITIONS *

LIANG Jie YAN Chong Ling™™ LI Yu Hong CHEN Ying Hua
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ABSTRACT Twigs of Casuarina were collected from Dongshan and Xiamen Island, China. Crude
plasma membrane preparation was obtained from Casuarina twigs by ultra-centrifugation. Sealed plas-
ma membrane vesicles were isolated with aqueous PEG3350-Dextran T500 two phase partitioning. We
studied the proline accumulation in twigs and the ATPase activities of plasma membrane of Casurina
under different growth conditions. The results showed that free proline content and the PM ATPase
activities from unfavorable growth conditions were obviously higher than those from favorable environ-
ment. This suggested that Casuarina responded to osmotic stress by increasing osmotic material con-

tent and the proton transportation activities of PM ATPase.
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Casuarina, the woody tree grown widely in
tropic and subtropics, can grow in seashore and salt-
alkali soil to form shelterbelt. With its azotification,
growth efficiency, good adaptability, strong salt tol-
erance, fine wind-preventing ability and sand-fixing
ability, the species can not only offer lignum but also
protect crops in agroforestry system by breaking wind
in sandy coast. In order to find out the relationship

between the growth of Casuarina and the seashore
environment, one should study their eco-physiological

characteristics, but the researches on the cellular and
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molecular biological characteristics of Casuarina were
rarely reported, and the chief of previous studies on
Casuarina was cultivation and forestation. For these
reasons, this paper discussed the ATPase activities of
plasma membrane vesicles of Casuarina under differ-
ent conditions to disclose the mechanism of salt toler-
ance of this species.

Plasma membrane vesicles ATPase is regarded as
the “master enzyme”, because it can regulate many
important physiological processes including cell divi-

(1

sion and elongation' ™", as well as metabolism proceed-

ings to resist stress such as osmoregulation, ions com-

(2} and so on, it is indispensable to plant

partmentation
cell under adversities and stresses including salt
stresst®), freeze stress and drought stress4). For the
difficulty of distilling plasma membrane vesicles from
plant cell, especially in woody plant, the previous
studies of ATPase laid great emphasis on the radicle
and foliage of the herbaceous plant, there were few
researches on the relationships between stress and
ATPase activities in woody species. The materials u-
tilized in this study were twigs of Casuarina (because
their leaves were degenerated), so that this research
would provide a new method to reveal the acclamatory
responses of woody plant cell.

Proline accumulation, regarded as an index of
osmotic stress of tolerant plant, can reflect the level
of stress in a certain extent. Accordingly the free pro-
line content of the Casuarina twigs was measured to
uncover the relation between salt resistance of this

species and osmotic stress.
1 MATERIALS AND METHODS

1.1 Field samples
1.1.1 Geographical situation

Dongshan Island shelter forest was located on

117° 18'E and 23° 3'N in Fujian Province. Xiamen
Arboretum was located on 118°15’E and 24°25'N.
1.1.2 Climate condition

It was south subtropical oceanic climate in Xia-
men, where its annual average air temperature was
20.8T, with average annual precipitation of 1555.5
mm and average annual evaporation of 1651.3mm. In
contrast, it was south subtropical coastal climate in
Dongshan shelter field, where its average annual pre-
cipitation was 945.3 mm with average annual evapo-
ration of 1656. 1 mm and average air temperature of
20.8T . It can be assumed that Casuarina in Dong-
shan Island was under environmental stress for the
dry wind occurring from September to November.
1.1.3 Plant materials

Experimental materials were collected from
Damao Mountain in Dongshan-Chishan shelter forest
on October 23, 2001. There was a Casuarina wind-
break with the length of 2000 meters and width of
300 meters near seashore. The first experiment zone
was in the first forward position facing sea, each samn-
ple was gathered every 50m along the perpendicular
coastline at random, 12 samples were obtained total-
ly, each sprig of Casuarina came from the same ori-
entation, the collected twigs were immediately stored
in liquid nitrogen. In order to compare the Casuari-
na under stress with those in normal environment, at
the same time we collected the twigs of this species in
Xiamen botanic garden as the control, where the
growth condition was favorable to plant. The differ-
ences of climate between Dongshan and Xiamen Is-
land were showed in table 117,
1.1.4 Soil materials

Soil sampling and physical and chemical characteris-
tics determining was carried out as described to “Methods
for Soil Agricultural and Chemical Analysis”® .

Table 1 Differences of climate between Xiamen and Dongshan Island in three months

Annual Average temperature Average wind speed Average precipitation Average evaporation

climate (m/s) (mm) (mm

Month Xiamen Dongshan Xiamen Dongshan Xiamen Dongshan Xiamen Dongshan
Sep 26.7 26.6 3.5 6.2 119.3 97.2 178.2 205.7
Oct 23.2 23.6 4.1 8.6 42.7 42.8 192.8 249.5
Nov 19.2 19.7 4.0 8.8 38.5 30.6 145.9 193.6
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1.2 Measurement of free proline content in twigs
Proline was extracted by grinding the fresh leaf
tissue in a mortar with a pestle using 10 ml 3% (w/v)
sulphosalicylic acid, then the ground tissue was heat-
ed with the acid in a sealed test tube at 100C for 30
minutes. Aliquots (2.0ml) of this extract were used
for proline quantification following the acid ninhydrin
procedure modified by Bates!””.
1.3 Separation and purification of plasma mem-
brane vesicles and assay of ATPase hydrolysis activi-
ty
1.3.1 Extraction and fractionation of membrane
Plasma membrane vesicles were prepared refer-
ring to the technique described by Zheng H L with
some modifications, being used in the determinations

of protein content and ATPase activity!®.

Twigs
were washed with cold deionized water and homoge-
nized in extraction solution [ Tris-Mes 15mmol/L
(pH7. 8), EGTA-Na, 3mmol/L, Sucrose 0.25
mmol/L, 0.6% (v/v) PVP K-30, PMSF 1mmol/
L]. PVP K-30 was added into homogenate solution
to eliminate tannin and botanic hydroxybenzene from
tissues of Casuarina. The crude membrane fractions
were purified by two-phase partition!®’. The purified
plasma membrane-enriched fractions were used imme-
diately or frozen at -70C for later use.
1.3.2 Determination of H"-ATPase hydrolysis ac-
tivity of membrane vesicles

The PM H™-ATPase hydrolysis activity was
measured by methods of Zhang W HI11, 204 vesicle
membrane preparations was added into 0. 5ml reaction
medium which contained MgSO,; 3mmol/L, K,SO,
25mmol/L, Tritonx-100 0.02% (v/v), Tris-Mes 50
mmol/L. (pH6.5), ATP-Na, 3 mmol/L . The en-
zyme reaction was incubated at 37C for 30min and
stopped by 20% (W /V)TCA. The activity of the en-
zyme was calculated by the amounts of Pi formed by
hydrolysis in the reactions.
1.3.3 Determination of PM H* -ATPase hydrolysis
activity

The PM H™-ATPase hydrolysis activity was
quantified by method of Li M R, 0. 5ml reaction
system contained Tris-Mes 36 mmol/L (pH6. 5),
MgSO; 3 mmol/L., ATP-Na, 3 mmol/L, NH;MoO,

1 mmol/L, NaN; 1 mmol/L., NalNO; 50 mmol/L,
Tritonx-100 0.02% (v/v), and 20ul vesicle prepara-
tions. Chemical reaction was kept at 37C for 15min
and stop by 20% TCA. The amounts of Pi formed by
hydrolysis in solution were measured.
1.3.4 Determination of PM K" -ATPase hydrolysis
activity

PM K" -ATPase hydrolysis activity was deter-
mined in term of the methods of Yi Y and Tang Z

21 0. 5ml reaction system contained sucrose 0.25

mol/L., Tris-Hepes 25 mmol/L (pH 7.5), NaNj 1
mmol /L., NaNQO; 50 mmol/L, NH;MoO, 0.1 mmol/
L, EDTA 0.1 mmol/L, Tritonx-100 0.05% (v/v),
KCl 3 mmol/L., ATP-Na; 3 mmol/L, and 20pl vesi-
cle preparations, the chemical condition was the same
as the former one.
1.3.5 Determination of PM Ca?*-ATPase hydroly-
sis activity

PM K*-ATPase hydrolysis activity was deter-
mined referring to the methods of Li X M3 1 1ml
reaction system contained imidazole 10 mmol /L, Mg-
Cl, 5 mmol/L., CaCl, 50pmol /L., ATP-Na; 3 mmol/L
(pH7.0), and added 20ul membrane preparations.
The enzyme reaction was the same as the of H" -AT-
Pase activity.
1.3.6 Determination of Pi

Determination of Pi was carried out referring to
Ohnishi'**!, and protein content was measured by us-
ing Coomassie Brilliant Blue G-250 referring to Brad-

d[lS]

for . All the data came from the average value of

three measure repetitions.
2 RESULTS

2.1 Results of sampling
The collected samples were showed in table 2,
CK came from Xiamen botanic garden, 1% — 12
samples came from Dongshan shelter field. (Distance
was indicated distance from sea; Age was indicated
the years old of tree; DBH was indicated diameter at
breast height of tree).
2.2 Physical and chemical characteristics of soil
Table 3 showed the physical and chemical char-
acteristic of the soil collected from Dongshan Island

shelter field. These figures demonstrated that soil of
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Table 2 Circumstance of 12 samples from Dongshan shelter field and CK from Xiamen arboretum
CK 1 2 3 4 5 6 7 8 9 10 11 12
Age 30 38 38 34 38 38 39 38 30 10 23 38 38
Distance Skm 10m 50m 80m 100m  100m  120m  150m 200 230 300m  300m  330m
Forest nature  shelter shelter pure pure pure pure pure pure pure pure mixed  mixed
DBH(cm) 14.0 6.8 7.0 7.6 9.0 8.2 8.6 8.5 8.5 7.8 8.9 8.0 8.1
Height(m) 13.0 5.5 6.0 7.5 8.5 7.0 8.0 8.0 8.0 7.5 8.0 8.0 8.0
Growth good weak weak young normal normal normal normmal normmal normal normal shaded  shaded
Table 3 Characteristics of Dongshan Island shelter soil samples
Silver and powder sand (<0.15¢m) pH Total 1 nitrogen Total phosphorus Total Potassium
80% —95% 5.0-5.6 0.015% —-0.047% 0.024% —0.074% 0.74% —1.43%

1
0.8
R 0.6

2
R
8 0.2
0

ck 1 23 45 6 78 9101112
soil samples

Fig.1 Soil salinity of 12 samples came from Dongshan
shelter field (1* — 12%) and Xiamen(CK)

Dongshan Island was quite infertile. The Fig.1
showed that the soil salinity of Xiamen garden was
0.12%0 and the Dongshan scil salinity ranged from
0.33%0 to 0. 74%o.
2.3 Free proline accumulation in twigs of Casuarina
The experimental results showed in Fig. 2 that
the free proline content of CK twigs was much lower
than that of the Dongshan Casuarina (1% —12%),
the closer to the seashore, the higher the proline con-
tent was. With the increasing environmental stress
level, the free proline accumulated vastly in twigs of
Casuarina, for example, the twigs proline content of
sample 1¥ was the highest among these samples,
which was 20 times higher than that of CK, in that
sample 1* was collected from seashore where trees
were damaged by salt frog and typhoon most directly
and violently. The proline content of 10%, 11* and
12* sample was lower than 1% — 9% sample for their
locating in the other side of shelterbelt where environ-
mental stress was relatively mild. This result was

consistent with the previous researches that proline

Prolin content (mg/gFW)

&k 1 23 45 6 7 8 9101112
number of samples

Fig. 2 Free proline content in twigs of Casuarina came from
Dongshan shelter field (1* - 12#) and Xiamen(CK)

biosynthesis was activated by salt stresst 18]

2.4 H"-ATPase hydrolysis activity of membrane
vesicles of Casuarina

The F-type ATPase existing in mitochondria and
chloroplast could be inhibited by azide, V-type ATP-
ase existing in vacuole, could be inhibited by ni-
trate. In order to measure the H' -ATPase activity of
membrane preparations, the majority of which were
plasma membrane, but maybe contained chloroplast
and vacuole membrane, so NaN; or NaNO; was not
added into this reaction medium. Experimental result
(Fig. 3-a) showed that the membrane vesicles H" -
ATPase hydrolysis activity of all the Dongshan sam-
ples was higher than CK, which illuminated that en-
vironment stress can promote H' -ATPase activity to
adapt itself to unfavorable conditions. H*-ATPase
activity of 1% and 2% Casuarina was the lowest of
all, possibly because they came from the frontline of
the shelter forest, damaged by typhoon and salt frog
most violently and directly. The H* -ATPase activity

of sample 4% reached maximum, presumably appro-
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priate stress could stimulate ATPase activities to the
whole hog. Moreover the data of 5% — 12% sample
were similar, probably they all grew in the center of
community and the attacks of sea wind were less.
The results were in accord with the previous reports
that claimed that stressful growth conditions could
stimulate H* -ATPase activity of halophyte!”}.
2.5 PM H"-ATPase hydrolysis activity of Casuar-
ina

NalN; and NaNO; were added into the reaction
system to inhibit the activities of F-ATPase and V-
ATPase. The H'-ATPase was activized by Mg®*
ions in solution. This result (Fig. 3-b) was similar to
the former outcome (Fig. 3-a), but MV (membrane
vesicles) H -ATPase activity was a little higher than
PM H'-ATPase, presumably the membrane vesicles
contained partly chloroplast or mitochondria mem-
brane besides plasma. PM H* -ATPase activity of CK
was lower than that of all those from Dongshan sam-
ples. The sample 1¥ obtained from seashore was
straightly attacked by salt frog, thus its PM H™-
ATPase activity was the highest one. Comparatively
the discrepancies of PM H" -ATPase activity of sample

200 ¢
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= 150
2
3
» 100 F
£
+ 50 F
3
>
= 0  —

ck 1 2 3 4 5 6 7 8 9 1011 12
number of samples
a
600 ¢

K+-ATPase activity

ck 1 2 3 4 5 6 7 8 9 10 11 12
number of samples

c

2% —12% were not obvious. Furthermore PM H*-
ATPase activity of 11% and 12* sample was relatively
lower than that of all the others, for they were far-
ther away from the sea, or shaded by Fucalyptus,
Acacia and Pinus in mixed-forest, which would re-
duce their photosynthesis efficiency.
2.6 PM K*-ATPase activity of Casuarina

It was indicated that some primary proton trans-
portation proteins do not need Mg?*, Mg®" ions
were indispensable to H* -ATPase activity, so when
determining K*-ATPase activity, the magnesium
ions were not added into the reaction medium. This
result (Fig.3-c) showed that PM K* -ATPase activi-
ty of Dongshan Casuarina was about ten times that
of Xiamen garden, so it was an example to illustrate
that K*-ATPase activity could be promoted under
environmental stress, which was consistent with the
already known results under osmotic stress 1.
2.7 PM Ca’*-ATPase activity of Casuarina

In order to inhibit another type ATPase, imida-
zole was added into reaction medium!'3!. The results
was the same as the former ones, PM Ca’* -ATPase

activity of the control was lower than that of Dong-
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ck 1| 2 3 4 5 6 7 8 9 10 11 12
number of samples
b

Ca2+-ATPase activity

ck t 2 3 4 5 6 7 8 9 10 11 12
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d

Fig.3 ATPase activities of Casuarina under different growth condition
a. Membrane vesicles H" -ATPase activity; b. PM H'"-ATPase activity;

¢. PM K" -ATPase activity;

d. PM Ca?" -ATPase activity.

The unit of ATPase activity is g molPi*mg™! protein™!+h™ !,
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shan, and the data of 1% — 12% sample were close to
each other. There were reports interpreting why
Ca’*-ATPase transcription activity would be en-
hanced under stress, in lack of salt and phosphorus,
Ca?* -ATPase can pump Ca’?* from cytoplasm to out-
er-cytoplast and into cell organelles, and balance of
Ca’* content in cytoplasm can be kept in this

Way[ 18) .
3 DISCUSSION

Dongshan Island was surrounded by sea, with
environmental stresses including drought, salt, ty-
phoon and infertile soil, for this reason, it was de-
scribed as “There are nine droughts in ten year”,
where stressful growth condition was very unfavor-
able to plants. But Casuarina can grow well there
because of their salt tolerance, anti-drought ability,
leanness endurance and wind resistance. This experi-
ment studied ATPase called “Master Enzyme”, the
conclusion could be drawn that ATPase activity would
be increased under certain stresses. Binzle etc had
proved that plasma membrane ATPase could balance
the osmosis potential of cytoplasm to keep moisture of
cell and improve its abilities to resist environment

(91 In summary, increasing PM-

stress in plant cells
ATPase activity played important role for Casuarina
to adapt itself to the stressful growth conditions.

Salt stress may cause ionexcess, iondeficits and
osmotics stress. To keep osmotic balance in cell, free
proline was synthesized vastly in Casuarina under
environmental stress. In order to mitigate salt stress,
Casuarina should gain more energy to produce os-
motic substances such as proline by improving H" -
ATPase and K* -ATPase activities. It can be conjec-
tured that to avoid excessive Na® which would dam-
age halophyte cell, some available jons such as K™
would be accumulated in cytoplasm and osmotic a-
gents would be synthesized to increase osmotic value,
also excessive Na* ions would be comparted in vac-
uole or transported into old tissues. These processes
of salt tolerance were all based on ATP working as
their direct energy, consequently PM ATPase activity
of Casuarina in Dongshan must be heightened to re-

sist environmental stresses. In contrast, Casuarina

of Xiamen grew better than that of Dongshan appar-
ently, because the growth condition in Xiamen was
favorable to Casuarina, there was no need to con-
sume extra energy to resist stress, so the PM ATPase

activity was lower than that of Dongshan.
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