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Abstract : The dfects of lanthanum on some redox sysem(PMRS) properties of the plasma membrane (PM) vesiclesfrom
Casuarina equisdtifolia seedlings under artificia acid rain(pH 4. 5) sress were gudied. The results show that there are
NADH oxidase and EDTA-Fe** reductase , and nitrate reductase in the seedling PM , and they have different responses to
aking seedsfor 8 hin a seriesof Lad s solution. The NADH oxidase activities and the Nitrate reductase activities can be
stimulated when La®* concentrations isin the range of 50 200 mg-L !, but their activities are inhibited or fluctuate by
the higher La®* concentrations. The EDTA-Fe®* reductase activities can be simulated by La®* concentrationsin the range
of 50 400 mg-L "'. The research al® reveded that La®* reduces the relative permeability of membranes and have the

function in protecting membranes under acid rain gress by the way of inhibiting the leakage of electrolyte.
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The plasma membrane is a penetrable barrier ,
which can control the exchange of substances across
membranesin cells, and a9 is the intermedium and
receptor of energy or information tranderence between
cells and environment. The plasma membrane redox
sysem (PMRS) means the eectron tranfer chains on
plasma membrane. Owing to have the posshility of
gecting protons, energizing plasma membrane and
having the function of accelerating trangortation of
2l ute across membrane , the plasma membrane redox
systems were paid much attention to'”. Acid rain is
one of the mogt important environment problems worl o
wide. The plasma membrane is damaged firgly when
the plant is exposed to acid rain. The rare earth ele-
ments can obvioudy protect the plants from being &-
fected by acid rain'® , but the mechanism of action
needs further study.

Casuarina 9p. with grong tolerance to drought ,
poor il , lonets wlonchek and other poor environ-
mental conditions is the begt choice to form shelter for-
ed in coada areasin China, which brings remarkable
ecological benefits such as wind break and fixing
sand, greening coad , protecting cropland. In resent
years, the problems of fores gands declining and be-
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ing difficult to its regeneration have appeared among
the Casuarina foredsin outheagern seashore in Chi-
na. Some research indicated that improving the gress
res gance isone of the important measures to compre-
hensvely bring Casuarina forests declining under
control ®. This study focuses on the efects of lanthar
num on the relative permeability of membranes and
ome properties of the redox sysgems of plasma menr
branes with a view to seeking an approach to improv-
ing the gress resgance of Casuarina shelter forests as
well as to providing ome scientific date for it.

1 Materials and Methods

1.1 Materials

The chosen gecies was Casuarina equisetifalia ,
whose seeds were supplied by the Casuarina Seedlings
Base of Chihu Foregry Center in Huian County , Fu-
jian Province. The seeds used for this experiment ater
putting in cold gorage for 6 months.

1.2 Methods

1.2.1 Methods of cultivating After being ran-
domly selected with the method of quartation, Casua-
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rina equisetifolia seeds were surface gerilized in 0.5 %
KMnO4 (5 min) , then washed and filtered three times
with gerile digilled water. The surface gerilized seeds
were regectively soaked for 8 h in LaCls- 7H,0 with
different concentrations as following: 0 (CK, derile
digtilled water) ; 50 , 100, 200, 300, 400 mg-L " *,
and the weight of seeds in each treatment was 10 g
(the average weight of one thousand grains was
1.44 g) , followed by flushed and filtered La’* from
the surfaces. The seeds were equably planted in clean
and thin river sands which were put in a 26 cm X
11 cm plagic basketry covered with nylon net. The
sandswere 2 3 cm deep. Then the basketry was set
in a suited plagic basn filled culture slution with
quantitative artificial acid rain. The pH value of artifi-
cial acid rain was 4.5 as the same as that of acid rain
happened higher frequently in Xiarmen region'” . The
ions concentration of arlificia acid rain was according
to Ref. [5] (Table 1). Every treatment repeated 9
times. The basns were kept in the glasshouse of the
arboretum in Xiamen univerdty. In the period of cul-
ture , the bas ns were take out of the ol ution to aerate
for 1 h every nightfall , and the pH value of artificia
acid rain in the basns was kept invariable. The cul-
ture temperature was (22 £2) . Two weeks later ,
the seedlings were taken to experiment when the
height of plants was about 5 6 cm.

1.2.2 Methods of determining Determi nation of
the relative permeability of cell membranes: According
to Ref. 6, the leakage of el ectrolyte was as the index of
permeability of cell membranes, and which was deter-
mined by DDS 11 conductometer (The unit of electric
conductivity wasp s-cm ) .

Iolation and purity of plasma membrane ves-
cles: Plasma membrane vedcles were prepared refer-
ring to the method described by Zheng H L' with
me modification. Briefly , 20 g seedlings in each
treatment were taken to be cut into sections (about
1 cm section) , followed by homogenized with 100 mi
cold extraction olution (pH 7.8, containing TrisMes
15 mmol - L', EDTA-Na& 3 mnol - L', Sucrose
0.25mmol-L"*, 0. 6% (v/v) PVP K-30, PMSF
1 mmol-L " %) , then filtered with two layers of gauze.
The percolate was centrifuged for 15 min at 1000
r-min"*, and the supernatant was centrifuged for
30 minat 5000 r-min" ' to yield a crude microomal
pellet. The supernatant was discarded and the pellets
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were resugpended in 5 mmol - L ! potass um phosphate
bufer (pH 7.8, containing DTT 0.1 mmol-L ~*, KA
1mmol-L Y. The resugpended membranes then were
loaded onto the two-phase sysem with a cold polymer
mixture at a ration of 1/3 containing 6. 2% (w/w)
Dextran T500, 6. 2 %(w/w) PEG3350, 0.25 nol -L **
Sucrose, 3 mnol-L " KA, 5 mmol - L " KsPO, , pH
6.8. The mixed sysem was separated into two phases
by centrifugation (1500 r-min"*, 15 min) . By being
washed 3 times, all upper phases were collected , di-
luted with TrisMes 5 mmol - L', DTT
0.1 mmol-L ', Sucrose 0. 25 mnol -L"*, pH 7.8,
and centrifuged at 100000 x g for 30 min. The result-
ing pellet was resugpended in a medium contai ning the
same as diluted solution to get purified plasma mem-
brane vedcles. The purified plasma membrane-en-
riched fractions were used immediately or frozen at
- 70  for later use.

Determination of NADH oxidase activity (oxida
tion rate of NADH) in plasma membrane: The medi-
um of reaction was referred to the method developed
by Chen et al."® | took Fe(CN)s’" as electron accep-
tor , measured the rate of decreasng absorbance of re-
action olution at 340 nm. The rates of NADH oxida
tion were calculated as cong gent with extinction coef-
ficient of 6.23for a millimolar NADH.

Determination of EDTA-Fe’" reductase activity
(the reduction rate of EDTA-Fe’") in plasma mem-
brane : According to the method of Jiao et a'® | taking
NADH as €electron donor , the change of extinction co-
efficient was measured at 535 nm. The reduction rate
of EDTA-Fe’* was calculated by contragting the stan-
dard curve of Fe’".

Nitrate reductase activity was assayed as de
scribed by Hong et a'™® with me modification. A
1.0 ml reaction olution containing 25 mmol -L ~* po-
tassum phogphate bufer (pH 7. 5) ,5 mmol - L™*
KNO: , 0. 02 % Triton X-100(v/v) , 0.5 mmol - L *
NADH , and 50U | vesicles. The reactants were incu-
bated in 30  for 15 min, 17 mmol - L "' P-Amino-
benzene sulponic acid anbydrouswas put in to gop re-
action , and 7 mmol - L ~ "o -Naphthylamine was put in
to coloration. Then the optical densty was measured
at 530 dter gationary 15 min. One unit of enzyme ac-
tivity was described as the amount which catalyzed the
reduction of 1 nmol NO; *mg™*-min"*. Protein cont-
ent was determined by usng Coomasse Brilliant Blue

Table 1 lon composition and concentration of artificial acid rain

lon concentration K* Na* Ca?*  Mg?t  NHst  HY 02 NOgm  a- F

Content/{ mol-L " %) 15.0 18.0  50.0 15.5  40.5

36.5 140.0 21.0 7.5 7.0
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G250 referring to Bradford™. All the determinations
were repeated three times. In the experiments, UNI-
CAM UV310 Thermo Spectrophotometer was used ,
and all reagents were in AR degree.

2 Results and Discussion

2.1 Hfects o lanthanum on membrane
per meability

Membrane permeability is related to plant
resstance!® , electric conductivity can be used to indi-
cate the changes of cell membrane permeability.
When plants are sressed by acid rain, cell membranes
respond firgly with the increase of their permeability ,
the leakage of endocellular electrolyte and the loss of
nutritious elements, © that electric conductivity of
plant cell extraction isincreasad. The more severe the
plant cdl isimpaired , the more the intracellular elec-
trolyte leaks. This experiment results(Table 2) indi-
cate that lanthanum can apparently reduce membrane
relative permeability of Casuarina equisetifolia seed-
lings under Smulated acid rain gress. Membrane per-
meability decreases remarkably with La’* concentra-
tion increasing in the range of 50 to 200 mg- L " *,
while in the treatment of 200 mg:L ", and the perme-
ability reaches the lowes vaue in al dx treatments.
After treating with La>* from 200 to 400 mg-L " *, the
membrane permeability gradualy increases. Contrast-
ing to the treatments of La’* in the range of 50 to 200
mg-L ', and the effectsof La’* on the decrease of the
membrane permeability are descended gradually with
the increase of La’* concentration from 300 to
400 mg-L "*. The experiments above mentioned sugr
gest that suitable concentrationsof La’* can inhibit the
eectrolyte leakage of seedlings cell membrane under
acid rain gress and dleviate the loss of nutrition ion.
The dfects that aking seeds with La’" olution re-
duces the cell membrane permeability of plant seed-
lings might be caused by that La’" , which is absorbed
by seeds, can be in close combination with the compo-
gtions of organ cell membrane when the organ cell dif-
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ferentiate and mitod's at their early gage of growth
as to reduce the leakage of electrolyte and the perme-
ability of cell membrane.

2.2 Hfects of lanthanum on activity of
PM NAD H oxidase

The results (Fig. 2) indicate that there are
NADH oxidase in the plasma membranes of Casuarina
equisetifolia seedlings under acid rain gress, and the
oxidation rate of NADH can be promoted by lanthanum
of suitable concentrations. With Fe (ON)¢° as elec-
tron receptor , the oxidization rate of NADH increases
owing to the treatments with increasng La’* concen
tration from 50 to 200 mg-L "', and it has its peak
value when La’" concentration is 200 mg-L " '. The
oxidation rate of NADH decreases when L&’ " exceeds
200 mg:L "*. In comparion with the CK, when La>*
isin the range of 300 400 mg-L "', the oxidization
rate of NADH decreases with the concentration of La’*
increasng and is even lower than that of the check
teg. This revedes that the activity of NADH oxidase
is inhibited by higher La’* concentrations (300
400 mg-L %) . From Fg. 1, it do can be seen that
NADH oxidase is more senditive to La’* with high con-
centrations than plasma permeability is.

The redox sygem of plant plasma membrane is
closaly related to the H'-ATPase. The oxidization of
NADH makes e and/or H" out of plasma membrane ,
this results in changes of the membrane electric poten-
tia , further some of H'-ATPases are activated , and
nmore protons are pumped out of the plasma. There-
fore, NADH oxidase and H'-ATPase act on menr
brane eectrochemical potential jointly , they prompt
the active trangport of slution across plasma memr
brane , which afects plant’ s growth and metabolism.

However , in our experiment we al 9 revealed that
when Casuarina equisetifolia seedlings grows under the
acid rain stress &ter being treated with La’* |, the elon-
gation rate of seedlings and the PM H*-ATPase activi-
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ty , and the PM NADH oxidase activity have the same
reponse tendency to the treatments of La’ " with in-
creasng concentrations showed a ” 7 type. In this
sudy,La’" may act as an allosterism efector of enz-
yme, by the action the NADH oxidase and H*-AT-
Pase activated , the secretion of H* from the cytoplasm
to the cell wall is prompted , which finally result in pH
val ue of ground subgtance in cell wall decreasng. Unr
der this acid condition , enzymes, which can degrade
cell wall , are activated. The bonds, which connect
xyloglucam and micrcfibril , are cut off. FHnally the
cell wall became loose and soft , cell expanson pres
sure lessened , more water absorbed , and the cell vol-
ume is expanded. The identical efectsof La* on PM
NADH oxidase , PM H*-ATPase and plant macro-nmor-
phogened's are condgent with acid growth hypothes s

of auxin reaction™.

2.3 Hfectsof La®* on PM EDTA-Fe®' re-
ductase

To prompt the reduction and absorption of iron
ion isone of the nog evident phydological actions of
plant PM redox sysem. Pant can not directly make
useof Fe’*. Only when Fe’" is reduced into Fe** or
combined with chelator to form chelate , can plant cell
utilize Fe** through PM™.

The dfects of La’* on the reduction rate of PM
EDTA-Fe’" of seediings (Fig.3) show that, in comr
parion with the check teq , the reduction rate of PM
EDTA-Fe’" increases obvioudy &ter the seeds have
been trested with La® ranging from 50 to
400 mg-L "*. This show that La’" can enhance the PM
EDTA-Fe’” reductase activity , and the mechanism of
action needsfurther sudy.

Bierfait et . believed that: there are two
type of iron-cyanide reductase sysems, and one is
Turbo sysem , which can be induced only when ironis
deficient , many kindsof Fe’" chelate and iron-cyanide
can be reduced by this sysem. Another is gandard
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sygem, only iron-cyanide can be reduced by this
way , the other Fe’* chelate can rot. Iron in the plant
do not dfect the activity of gandard sysem. This
sudy al® indicated that EDTA-Fe’" can receive elec-
tron from NADH to be reduced if the seedliings are
cultivated without Iron deficiency. Under acid rain
gress, lanthanum may cause the seedlings PM switch
on a new reduction sysem of Fe’* chelate, which is
different from the sysems mentioned above. The re-
sults of this qudy is identical with that of Qiu et
a.™  who has one new redox sysem sarted under
water gress and which is different from the sandard
sysem.

2.4 Hfects of lanthanum on PM nitrate
redutase

Nitrate reductase is a kind of key enzyme for ni-
trogen metabolism of plant. PM nitrate reductase not
only can absrb nitrate from the outsde of PM , reduce
nitrate to nitrite and release nitrite to indde of PM ,
but also may reduce the electron receptor which isin
competition with nitrate and located outsde of PM ,
and smultaneoudy pump H* out of PM"™. The result
(Fg.4) show that there is nitrate reductase in the pu-
rified PM of Casuarina equisetifolia seedlings, whose
electron dornor is NADH , and lanthanum dgnificantly
dfects the PM nitrate reductase activity. In compari-
n to the check teg , the PM nitrate reductase activity
increased with La’ " from 50 to 200 mg-L ~*. But the
nitrate reductase activity of seedlings was sgnificantly
inhibited when La’" concentration was 300 mg-L " *,
which was lower than that of the check teg. In the
case of 400 mg-L " *La’" treatment , the PM nitrate re-
ductase activity was higher than that of 300 mg-L ~*
La’" treatment. This rebound might be due to that
ome La’" survived the cells of seedlings during the
process of germinating &ter the seeds were faked in
the high concentration of La’" lution, and the de-
tained La’* may act asion sress and induce nitrate re-
ductase activity increasng.
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La’" usually has larger asociation constant and
max. ion combination quantity with PM surface than
ca*, Mg’", etc. does. Thes ions have smilar
membrane surface physca and chemic properties with
La’". La®" closdly combines with the composition of
membrane in competition with other kindsof ions, and
which cause charge density and potential of PM sur-
face change greatly. La’" adjusts the oxidization rate
of NADH , which resultsin the change of the redox po-
tential , and the redox potential and energy charge
transmitting are in charge of nitrate reductase reac
tion , and adjus the activation and pasdvation of ni-
trate reductase. All these may be main reasonsfor that
La’" dfects PM nitrate reductase.

3 Conclusions

1. By treating with LaCls- 7H;0O in the range of 50
to 400 mg-L "' to wak Casuarina equisetifolia seeds
for 8 h, the cell membrane relative permeability of the
earlier seedlings, which are cultivating under artificial
acid rain (pH 4.5) dress, can be reduced.

2. There are NADH oxidase and EDTA-Fe’" re-
ductase and nitrate reductase in the plasma membrane
of Casuarina equisetifolia seedling. They have differ-
ent reponses to La’". Saking seeds with La’ " conr
centration in the range of 50 200 mg-L " can simu-
late the NADH oxidase activities and the nitrate reduc-
tase activities of the seedlings, but La’" with higher
concentration in the range of 300 to 400 mg-L ~* cause
ome negative dfects on the activities. The activity of
EDTA-Fe’* reductase can be simulated by treating
with La’>" from 50 to 400 mg-L ~*.
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