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Abstract : The efectsof La>* on the growth and the ATPases activities of plasma membrane (PM) vesicles ilated from
Casuarina equisgtifolia seedlings under artificial acid rain(pH 4.5) sresswere sudied. The results show that the height ,
length of roots, fresh weight and PM H*-ATPase activitesof Casuarina equisetifolia seedlings increase by the treatments of
aking seeds in Lad ; olutions with lower concentrations, and those can reach their peak val ues by treating with 200 mg
L 'La®". However , in comparioon with the CK , those are inhibited by the higher La®* concentrations; PM Ca®*-AT-
Pase activity is inhibited with the treatments of La®>*. The results al = reveal that the H*-ATPase activity and the growth
of cell enlarge have a remarkable postive correlation , and La®* activating H *-ATPase can facilitate plant growth. La®* al-
2 can dleviate cytosnlic acidification of plant under acid rain gress and indirectly maintain the gability of intracellular
environment. In order to redsant to acid rain and accelerate the growth of Casuarina equisetifalia , the suitable range of
La®" concentrations to soak seedsfor 8 his 50 200 mg-L ~*.
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As a main kind of membrane trangporter , plasma

membrane ATPasesfacilitate the trangport of mineras,
sugars, metabolites, and other compounds across the
membrane of the cells, only by which could plant cells
communicate with environment to trander subgtance
and information , which is essential for plant growth
and cellular homeostasis'!. As the experiment materi-
as, the highly purified plasma membrane vesicles
from Casuarina equisetifolia seedlings cultivated under
artificial acid rain stress, were ilated by aqueous two
- phase partitioning methods. The sudy mainly fo-
cused on the efectsof La>* on the PM ATPases activi-
ties, and was expected to show some inherence mech-
anisms and provide ome scientific bad sfor seeking an
approach of utilizing rare earth elements to improve the
resdance of Casuarina shelter foreds to resg acid
rain gress.

1 Materialsand Methods

1.1 Pant material

The Casuarina equisetifolia seeds were supplied
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by the Casuarina Seedling Base of ChiHu Foregry
Center in HuiAn County , Fujian Province. The aver-
age weight of one thousand grains was 1. 44 g. After
being randomly selected , the seeds were surface geril-
izedin 0.5 % KMnO4 (5 min) , then washed and fil-
tered three times in gerile didilled water. The geril-
ized seedswere aked for 8 hinLaCs: 7H,O with the
concentrationsof 0(CK , gerile digtilled water) ; 50,
100, 200, 300 and 400 mg- L ~ ! regpectively , and
10 g seeds each treatment were weighed , and flushed ,
then filtered to remove La®>* from the surfaces. Then
the seeds were cultured in the basn filled with sands,
and the culture lution is the artificial acid rain with
pH value of 4.5 as the same as that of naturally hap-
pened in higher frequency in Xiamen region?!. The
ions concentration of artificial acid rain was according
to Ref. [3]. Every treatment repeated nine times. The
badns were kept in the glasshouse. In the period of
culture, the basns were taken out of the slution to
aerate for 1 h every nightfall , and the pH value of arti-
ficial acid rain was kept invariable. The culture temr
peraturewas (22 £2) . Two weeks later , at that
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time the plants were about 5 6 cm height, the
seedlings were taken to experiment.

1.2 Determination

Determination of the plant growth and biomass:
10 seedlings were randomly taken from each treatment
group , then the plant height and the length of main
root were measured. The fresh weight of each seedling
was weighed by electron scale.

The technique method for preparing plasma mem-
brane vescles by the method of two - phase partition
was referred to that described by Zheng!*!.

The PM H*-ATPase activity was determined by
the method described by Zhang!®! : 20p | vesicle mem-
brane preparations was added into 0. 5 ml reaction
medium conssed of MgS0s 3 mmol - L1, K0,
25 mnol-L "1, Triton X-100 0. 02% (V/ V) , Tris
Mes 50 mnmol -L !, pH 6.5, and ATP-Na, 3 mnol -
L "', The reactants were incubated in 37  for 30
min and the reaction was stopped by 20 %(W/ V) TCA
200U I. The activities of the enzyme were calculated
by the amounts of A formed by hydrolysisin the reac-
tions.

PM Ca?*-ATPase hydrolys's activity was determi ned
by the method of Li X M!®: 1.1 i reaction sysem in-
cluded imidamle 10 mnol - L™, MgQd25 mnol-L ",
Cad, 50 mol-L ~*, ATP-Na3 mnol-L ~*,pH 7.0, and
20u | membrane preparations. The enzyme reaction fol-
lowed the stepsof measuring H*-ATPase activity. Deter-
mination of A was acoording to Ohnishi!”; Protein conr
tent was determined by usng Goomasse Brilliant Blue G
250 referred to Bradford!®. All the determinations were
repeated Sx times.

2 Results and Discussion

2.1 Hfects dof lanthanum on seedling
growth

The experiment results(Table 1) indicate that the
dfects of lanthanum on the growth of Casuarina equi-
setifolia seedlings under acid rain sresswith pH value
4.5 is obvious, and the growth including the height ,
length of roots, and fresh weight of Casuarina equiseti-
folia seedlings is promoted gradualy by saking seeds
for 8 h in Lads- 7H0O lution with the increasng
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concentrations from 50 to 200 mg-L "', and in the
treatment of 200 mg-L ~*La* , al those values reach
the highest points. But in the treatment of 300 mg-
L 'La®", the dfects descend. As to treating with
400 mg-L "*La®* , the plant growth isinhibited. The
experiment results indicate that rare earth elements
have obvious function in alleviating the dfects of acid
rain on plant biomass; It al© suggeds that rare earth
elements with suitable concentration can promote the
growth of plant. Therefore it is feasble that La®*
could enhance the ability of Casuarina equisgtifolia to
resgant to acid rain gress.

2.2 Hfectsof La®* on PM H*-ATPassac
tivity

After treating with La®* of different concentra
tions, the changes of PM H*-ATPase activity of Ca-
suarina equisetifolia seedlings show that lower concen-
tration of La®* can simulate the activity , but higher
concentration will inhibit it. The seedling PM H*-AT-
Pase activity increases gradually with the increase of
La®* from 50 to 200 mg-L ~ . While in the treatment
of 200 mg-L "', PM H*-ATPase activity reaches its
peak vaue, and increases 35. 85 % compared with
CK; However , when the concentration is over 200 mg
-L "1, the activity of PM H*-ATPase is inhibited and
lower than that of CK. In the treatments of 300 and
400 mg-L ~*La®", the activities are 72. 29 % and
90. 88 % of CK regectively.

H*"-ATPase of the plasma membrane is consid-
ered as a mager enzyme. The improvement of PM
H™-ATPase activity would facilitate building up the
gradient of proton electrochmical potentials'® , which
can provide dronger driving force for inorganic ions,
or organic olutes such as sugars and amino acids,
thereby the trangort of subsance and growth of plant
are accelerated. Acid rain in China belongs to sulfate
type. The trangort of sulfate on plant plasma menr
brane is powered by an dectrochemical proton gradient
generated by proton pump of ATPase that extrudes pro-
tons to the cell exterior. Sulfate is actively cotrangported
into plant cells along with protons at a goichiometry of
one sulfate to three protons, thus sulfate trangorter is
able to couple the irflux of net protons to the trangort of
sifate into the cel™. Which woud irfluence the
gahilization of cytosolic pH (cytosolic pH is remark-

Table 1 Hfect of La®* on seeding growth of Casuarina equisetifolia under acid rain stress( X = SD)

La*/ (mg-L "9 0 50 100 200 300 400

Height of plant/ cm 5.43+0.49 5.66+0.46 5.76+0.39 6.32+0.79 5.54+0.38  5.31%0.24
Length of roots/ cm 3.09+0.36  3.17+0.39  3.22+0.32 3.54+0.34  3.28+0.41  2.85+0.26
Fresh weight/ mg 8.04+0.1 8.36+0.15  9.70+0.36  9.90+0.65  9.30+0.15  7.82£0.26
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ably gable , generally remaining at 7.3 7.5). H'-
ATPase has afunction in extruding protons to the cell
exterior , and the promotion of H *-ATPase activity far
cilitates trangporting proton out of cell to prevent acidi-
fication of the cytoplasma, which keeps inner cellular
environment in normal and gable sate when plant is
under acid rain dress.

Two agpects are known to the growth of plants.
The fird is an increase in the number of cellsin limit-
ed parts in plant body ; the second is the enlargement
in the d9ze of each cell , and this kind of growth pro-
nmotion is alo caused Ly ihe plant hormone , auxin(®!.
The proton pump is activeled by auxin. The inner sur-
face of the cell wall is acidified by the H™ formed.
The acidification of the cell wall activates the proteins
of loosening H-bonds within the cell wall and allows
turgorgenerated growth!*!. Finaly , elongation of the
plant body is accelerated.

Therdfore the activation of H'™-ATPase directly
contributes to the growth of plant. The growth promo-
tion by lanthanum is jug due to a Smilar machanism
to that described above. Table 1 and FHg. 1 indicate
that there are coherent trend of regponding to lan-
thanum between plant height and H*-ATPase activar
tion. Anayzing the correlation usng the two group av-
erage data of plant height and H™-ATPase activity
shows that they have a remarkable podtive correlation.
It could be supposed that La®* activating PM H*-AT-
Pase isone of the mechanisms that La®* could accel-
erate plant enlarging growth.

The C terminal of H*-ATPase polypeptide in cy-
toplasma forms an autoi nhibitory domain, and the re-
moval of the autoinhibitory domain activates the enr
zyme consderably!*!. The modulation mechanism of
autoi nhibitory domain in the Ctermina of PM H™-
ATPase is possbly by the way of binding an efector ,
thus the C-terminal part of the H'-ATPase loses the
autoi nhibitory function!®®’. The mechanism of La®*
modulating H*-ATPase activity might be as follows:
firg, La®>* as an dfector hinding the C terminus re-
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gon of H'-ATPase relieves autoinhibition function,
which could increase the express of H*-ATPase acti-
vation; second, La®* predominantly combines phos
pholipid of plasma membrane!*! | and the combination
is as an dfector to relieve the autoinhibition function
of H*-ATPase C terminus, therefore the enzyme acti-
vation is dfected. Asto PM H'-ATPase activity de-
creases with La®* treatment in higher concentration
(300 400 mg-L 1) , it might attribute to that when
the La®* concentration is over the concentration limit
and become a kind of ion gdress, it would inhibit the
gene expresson of part of H*-ATPase.

2.3 Hfectsof La®" on PM Ca?*-ATPase
activity

The dfects of La®" on the plasma membrane
Ca’*-ATPase activities show as Fig. 2 that the activi-
tiesof PM Ca®*-ATPase are inhibited and the activi-
ties decrease with La>* concentration increasng from
50 to 400 mg-L " 1.

As a second messenger, Ca’* participates in
many intracellular actions, which is essential for con-
veying intracellular information and modulating cell
metastass. The trangoort of Ca’* across the plasma
membrane is finished by three kinds of trangport pro-
teins: Ca’*-ATPase, Ca’"/H* antiporter and Ca’*
channel. Ca?*-ATPase and Ca?*/H* antiporter are
in charge of eflux of Ca’" across the plasma menr
brane, and Ca’* channel is in charge of irflux of
ca?* 121 |t is known that , in biology sysems, rare
earth elements can represent amilar physological ac-
tion as Ca’* , and replace Ca’* binding on the plasma
membrane surface , and block the &flux and influx of
Ca?* ¥ Severd gudies indicate that La®* inhibits
Ca’"-ATPase activity!' | and rare earth elements are
Ca’* antagonis and Ca’* channel blocker of cell
membrane surface!™®. However , the mechanism of
action is not clear yet.

PM Ca’*-ATPase, acting as ecific active trans-
port sysem of Ca’* on plasna membrane of higher
plant , can directly hydrolyze ATP and actively trans:
port Ca®* , therefore it plays an important role in low-

20
80
"l l—x—' I-t_l ﬂ ’—x—l l_x_'
0
0 50 200 300 400
LaCl, concentration of soaking seeds/(mg-L"')

100
Fg.2 Hfectsdf La®" on PM Ca? "-ATPase activity of Casuar-
ina equisetifolia seedlings under acid rain dress
(pH 4.5)

<

(1 molmg'h')

Ca™ -ATPase activity/



678

ing the Ca®* concentration of plasma and maintaining
Ca?* concentration at a stable level (the cytolic conr
centration of free Ca?* is about 0. 2 mol -L ") . In
plasma membrane , Ca?*-ATPase activity can be err
hanced by calmodulint®!.

In this experiment , the reaons that La>* inhibits
the activitiesof PM Ca’*-ATPase may be: Firdly , the
riseof PM Ca’*-ATPase activities increases its ress
tance to acid rain dress. One of our experiments
showed that compare to Casuarina equisetifolia
seedlings without the acid rain dress, the seedlings
treated with acid rain gresswith pH 4.5 have a higher
value of PM Ca?*-ATPase activities. Owing to using
rare earth elements, plant’ s sengtivity to the acid rain
is reduced'® | the senstivity of PM Ca’*-ATPase to
the acid rain can be reduced , and keep the activities
of PM Ca?*-ATPase at a relatively low level by substi-
tuting Ca®* with La®>*. Secondly , asLa®" is the arr
tagonist of Ca’* on PM surface , the postion of Ca®*
can be occupied by La®* competively , blocking the -
flux and irflux of Ca®* in the cell , and irfluencing
Ca’* dgnal transmisson , which hinders the activation
of Ca®* hinding proteins such as calmodulin, and in-
hibits Ca®*-ATPase activity. Thirdly, Ca?* has a rel-
atively higher disociation congant with PM than that
of La®* , and La®" can replace the bond postion of
Ca’* in PM. The electricity of La®" is higher than that
of Ca?*, o this kind of replace may result in the
changes of PM electric potential and then indirectly in-
fluence the activities of PM Ca’*-ATPase. Fourthly ,
acid rain can bring ssme damage to the PM lipid , and
the dress can dfect the sructure and function of plas
ma membrane lipid. Some sudies have showed that
the Ca’’-ATPase activities of the purified plasma
membrane without lipid would be inhibited more and
more srongly by La®® with increasng concentra-
tions!®. It can be supposed that , the decrease of PM
Ca’*-ATPase activities by La®>* might be owing to the
abnormal change of plasma membrane lipid environ-
ment brought by acid rain, and the inhibition of the
activities are srengthened with the increasng La®*
concentrations.

3 Conclusions

1. The growth including height , length of roots,
fresh weight and PM H*-ATPase activitiesof Casuari-
na equisetifolia seedlings are simulated and increase
by the treatments of soaking seedsfor 8 hinLaCzwith
lower concentrations, and their peak values al appear
with 200 mg-L ~*La®*. However , those are inhibited
by higher La®* concentrations. There is remarkable
postive correlation between H*-ATPase activity and
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plant height. La®* activates PM H*-ATPase is one of
the reasons that La®* can accelerate the growth of cell
enlarging. La®* can enhance H*-ATPase activity , al-
leviate cytolic acidification of plant under acid rain
dress and indirectly maintain the gability of intracel-
lular environment.

2. La®" inhibits PM Ca?*-ATPase activity , and
the inhibition is strengthened with the increasing La®*
concentrations from 50 to 400 mg-L ~ . The replacing
of Ca®* withLa®>* in PM could weaken the senstivity
of Ca’*-ATPase to acid rain sress, and hinder
calmodulin activation , and change membrane voltage ,
which may lower Ca?*-ATPase activity. And the de-
creased activity a9 is due to the abnormal membrane
lipid environment brought by acid rain.

3. Inorder to resgant to acid rain sress and ac-

celerate the growth of Casuarina equisgtifolia, the
suitable concentration range of LaClstreatment is 50
200 mg-L " *.
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Influence of RE on Cohesive Force of Spray Coating from One-shot Sdf-felt

Iron- Based Composite Powder

Ma Chen' ", Li Mugin'?, Yin Ke', Zou Renjie* ( Biomedicine Material Key Laboratory , Jiamusi U-
niversity , Jiamusi 154007, China; 2. National Key Laboratory of Advanced Welding Production
Technology , Harbin Institute of Technology , Harbin 150001, China)

Abgract : The grength of coating layer obtained by
one-shot salf-felt powder with subsnic oxygen-acety-
lene goraying technique was discussed. Due to sif-
heating &fect among elements in powders and micro-
aloying, the highes grength is gotten when RE con-
tents in the one-shot self-felt powder are 0.9 %. The
experimental results show that coating layer could be

purified by adding proper amounts of RE , which make
the incluson change from reticulate pattern to gheri-
ca. REcompound could be formed when the RE act-
ed with other elements, which make the melting point
of powders fall down and the wetting ability could be
increased , which should be beneficial to dendty coat-
ing layer and the wear-ahility could be increased.

Key words: inorganic materials; self-felt ; composte powder ; wear-ability ; rare earths

(SeeJ. Chin. RE. Soc. (in Chin.) , 2003, 21(6) :733for full text)

Efects of Rare Earth EementsLa and Ce on Ti- Ni Alloy
Zhao Yuechao' , Ma Zhuang' , Fu Dajun® , Liu Ailian?( 1. Institate of Machinery Liaoning Technical

University, Fuxin 123000, China; 2.
Harbin 150001, China)

Abdtract : Rare earth elements Ce and La were added
into the near-equal atomic titanium-nickel aloy. Dif-
ferential scanning calorimetry and X-ray diffraction
were gpplied to gudy the dfect of the Ce andLa. The
results show that adding a small anount of Ce into

Materials Institute, Harbin University o Technology ,

TiNi aloy can improve the phase trandormation obvi-
oudy, but the phases in TiNi aloy do not change.
The results show that adding a small amount of Ce or
La can improve the properties of titaniunmrnickel alloy.

Key words: meta materials; TiNi alloy; phase trandormation ; rare earths

(SeeJ. Chin. RE. Soc. (in Chin.) , 2003, 21(6) :736 for full text)



