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(几
` t葱t o t e of 瓜

e lea r A夕ir e o l t。 二1 S e乞e n ce , ,

hZ 匀
à n夕 A夕ir e o l t。 二l 流坛。 e 。 `t ,

,

aH 仰hz o 。 夕1 0 0忍9)

A B S T R A C T

P las m a m e m b r a n e ve s i e les we
r e P r e P a r e d fr o m t h e d e ve lo P i n g e o t y le d o n s o f

e o m m o n b e a n
(hP

a s e o扭 , 、 lg
a八 , L e v D iy u n d o u

) by 叫
u e o u s t

~
p h as e p ar t i t i o n i n g

an d e h a r ac t e r i z e d as t o t h e i r P u r i t y by as s
ay i n g m a r ke r e n z y m e s fo r o t h e r

me
l n b r

an
e s

.

T h e P u t at ive P las m a m e m b r a n e fr ac t i o n w as m i n im a l ly co n t a m i n at
e d by m e ln b r a

ne
s

ot he
r t h an p las m a m e m b r

an
e a n d h e n e e w as o f h i gh p u r i t醉 It xe h ib i t e d a C a Z+

-

d e p e

dn
e nt AT P as e ac t i v i t y

,

w h ihc w as i n h ib i t e d by l 拼m o l / L E B a n d p or m o t e d by
e a l e iu m io n o P h o r e A 2 3 1 8 7

.

S u e h a n ac t i v i t y w as r e s P o n s ib l e fo r t h e o b s e r v e d A T P
-

d e p e n d e n t 4 5 C a 2 + u p t a k e i n t o i n s id -e o u t p las m a m e m b r a n e ve s i e le s
.

T h i s p r o e e s s

was
s t im u l a t e d 场 0

.

6 拼m o l / L C a
M

a n d 2 0 拼m o l / L IA A b u t i n h ib i t e d by Z 拜m o l / L

A B A a n d a b o l i s h e d by A 2 3 1 s 7
.

P o s s ib le r o l e o f e y t o p las m i e C aZ + i n m e d i a t i n g p坷
-

t o h o r m o n e s a e t i v i t y 15 d i s e u s s e d
.

K
e y
wo

r d s 4 5 C a 2+ u p t a k e ,

p las m a m e m b r a n e ve s i e l e s
,

p娜 t o h o r m o n e s ,

D e ve l o p i n g

e o t y le d o n s o f e o m m o n b e a n ,

肠
a e e r t e e h n i q u e s

1 I N T R O D U C T I O N

It 15 we ll r e e o g垃 z e d i n an im al e e l ls t h at t h e fr e e e y t o p las m i e C a Z+ a e t s as a s e e o n d

mess
e n g e r i n t r a n s d u e i n g e x t r ac

e u u lar s ig n aj s t o e e l l u l a r r e s p o
sn

e s
[11

.

I n p一a nt
e e l一s

, a

s
恤 i lar r o le fo r e a Z+ h as

r e e e n t ly b ee n e s t a b l i s h e d lZ ]
.

s i n e e t u e e y t o p las m i e e a Z+ e o n
-

e e nt r at i o n o f p lant
e e l ls 15 a t a l e ve l a p p r o ac h i n g 10一 7 m o l / L w h e r e as t h o s e o f o r g an

e ll se

an d e e l l e x t e r i o r s
ar e a t m i l l im o lar r

an g e [2 ]
, e o n t i n u o u s o p e r at i o n o f e a Z + t r a n s p o r t 油

e v id e n t ly
r e q iu r e d t o m ia n t a i n th e s u b m i e r o m o lar e y t o p las m i e e a Z+ e o n e e nt

r at i o n
.

B o t h

p as s ive a n d a e t ive t r a sn p o r t s y s t e m s a r e ivn o lve d in e i t h e r s e q u e s t e r i n g C a Z+ i nt o o r
-

g an
e ll e s o r m e d i a t i n g e a Z+ e m肤 fr o m t h e e e l l

.

O n e o f t h e m 15 t h e C a Z+
一

AT P as e fo e al i z e d

at t h e p las m a m e

mb
r a n e

(p M )
,

w h i e h p u m p s C a Z+ o u t o f t h e e e l l 场 m ak i n g us e o f t h e

fr ee e n e r

gy
r e l e as e d d ur i n g A T P h y d r o ly s i s

,

an d h as o n ly r e e e nt ly b e e n e o vn i n e ign ly ve
r -

迅ed i n s

vee
r
aJ p lant

t i s s u e s
[3 ]

.

we p r e s e nt h e r e t u e

灯 P
一

d e p e n a e nt e a Z+ t r a n s p o r t i n

P M ve ia e
le s P u r i if e d fr o m d e ve l o p i n g e o t y le d o sn o f e o m m o n b e

an
.

A s t h e s i kn
一 e o nt

r o l l e d

p h ot os y nt h a t e s p ar t i t i o in n g i n a p l a n t h as b e e n s u g g e s t e d t o b e m e d i a t e d by
e n d o g e -

n o us p hyt
o
ho

r m o n e s体]
, t h e p o s s i b l e m e

比 a n i s m o f h o r m o n a l a e t i v i t y by
C e l lu l a r e a Z +

5 1, 砒
n g l s al so id s e u ss e d

.

.

T ihs wor
k

aws
s u p p o rt de i n p ar t by

a 盯 a nt fr o m t h e
oF

u n d a t i o n o f N a t u r al S e i e n e e s o f Zh ej i
a n g

P r o v l n c e

二 C u rr e nt ad d : Scet i o n o f P l a nt P hy
s i o lo罗

,

Z h ej i a n g A盯 i e u l t u r a l U n i v e r s i t y

M a n u旧℃ r itP ecr
e iv ed d at e : 199 4刁 8刁 2
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2 M A T E R I A L S A N D M E T H O D S

2
.

1 Ra di o i s o t o P e t r a e e r

[
4 5 C a

」C
a
C I : (1

.

4 G B q / g) w as fr o m C h i n a I n s t i t u t e o f A t om i c E en
r

盯
,

B e ij i n g
·

2
。

2 P la n t m at e r i a l

B us h b e a n ( P h
a s e o lu s v u lg

a 八5 L
.

e v
.

D iy u n d o u ) p l
a
nt

s

we
r e
罗ow

n i n 罗vae l e u l t ur e

as p r e v i o u s ly d e s e r ib e d [5 ]
.

p o d s w e r e h a r
ve

s t e d 2 5 d a ft e r fl

owe
r i n g二

2
.

3 M
e m b r a n e P r e P ar at i o n

C o t y l e d o n s

we
r e s e p ar a t e d fr o m t h e o t h e r p a r t s o f P o d s a n d p r e e h i ll e d at 1 0

O
C

.

A ll t h e s u b s e q u e
nt

s t e P s w e r e e a r r i e d o u t a t o一 s
o

C
.

C o t y l e d o n s

we
r e h o

mo ge 垃
z e d i n

a b l e n d
e r fo r l 一 Z m i n i n a h o m o g e in z a t i o n m e d i u m w i t h a r at i o o f l : 3 (w /

v
)

.

T h e h任

m o g e ul z at i o n m e d i u m e o
nt a i en d 20 m m o l / L H e p e s / 1 0 m m o l /L B t p / 1 5 m m o l /L rT i s (p H

7
.

5 )
,

5 m m o l /L E D J
,

A
,

0
.

2 m m o l / L P M S F
,

2 m m o l / L D T T
,

0
.

2% (w /
v ) d e

fat t e d B S A
,

1% (w / v ) p V p a n d 2 5 0 m m o l / L
s o r b i t o l

·

T h e b r e i w as p as
s e d t hr o u g h 4 1娜

r s o f g
aUZ

e

a n d t h e if l t r a t e e e n t r i fu g e d fo r 1 5 m i n a t 1 5 0 0 0 x g
.

T h e s u p e r n a t a n t

was
e e nt

r i fu g e d

鳍 ia n fo r 60 m i n a t 9 5 0 0 0 x g
.

T h e r e s u l t i n g m i e r o s o m a l p e l l e t s we
r e s u s p e n d e d t o l于

1 5 m g o f p r o t e i n p e r m L i n a s u s p e n s i o n b u ffe
r e o n t ia n i n g 2

.

5 m m o l /L H e p e s

/B t p (p H

7
·

8 )
,

1 0% (w / v ) g ly e e r o l a n d 2 5 0 m m o l / L
s o r b i t o l

.

A il q u o t s o f t hi s m i e r o s o m a l fr a e t i o n

we
r e ad d

e d t o P h as e s y s t e m s w i t h a if n a l P o
-ly

m e r c o m p 0 S i t i o n 0 f 6
·

5% (W / w ) D e x t r a n T s o o
,

6
·

5% (w /W ) p E G 3 35 0
,

2 5 0 m m o l / L So r
-

b i t o l
,

3 m m o l / L K C I
,

1 m m o l / L D T T
,

0
.

1 m m o l /L E G AT
i n 5

mm
o l / L K p i (p H 7

·

8 )
·

T h e fo l low i n g s t e p s o f t

~
p h as e p a r t i t i o n i n g we

r e e s s e nt ial ly t h e s a m e as d e s e r ib e d沁]
.

T h e if n a l u p p e r a n d l

owe
r v h as

e s

we
r e d i lu t e d 10

一

fo l d w i t h d i l u t i o n b u ffe
r e o nt ia n i n g

2 m m o l / L H e p e s

/B t p (p H 7
.

8 )
,

2

unn
o l /L K Z SO 4 ,

1 m m o l / L D T T an d 2 5 0 m m o l / L

so
r b i t o l

,
a n d P e l l e t e d by e e n t r i fu g a t i o n fo r 6 0 m i n at

、

1 1 5 0 0 0 x g
.

T h e p e l l e t s we
r e r e s u s -

P e n d e d i n t h e s a m e b t】
ffe

r
.

M e m b r a n e s

we
r e

ke P t o n i e e fo r im m e d i a t e as s ay
s o r s t o r

ed

fr o z e n i n
`

l iq u id n i t r o g e n
.

T h e
if n al u p p e r p h as e w as

e n r i e h e d i n p las m a m e m b r

an e ve s i
-

e les w hi e h we
r e m o s t ly r ig ht

一
s id-e o u t

.

T h e s e
ve

s i e l e s
we

r e t u r n e d i n t o s e al
e d an d isn id -e

o u t by t h e p r o e e d u r e o f fr e e z e
一

t h aw [7]
.

2
.

4 E nz y m
e as s

sy
s

灯 P as
e
ac t iv i t y w as as s叮

e d as d
e s e r ib e d [8 ] w i t h s o m e m o

d i if
e at i o sn

.

T h e s t an d ar d

r e ac t i o n

uxn
t u r e e o n s i s t e d o f 20 m m o l / L rT i s /M

e s

(p H 6
.

5 )
,

4 m m o l / L M g S O 4 ,

50

m m o l / L K C I
,

3 m m o l / L AT
p

,

1 m m o l / L N a N 3
,

1 m m o l / L m o ly b d at e ,

0
.

0 2% (w / v )肠i t o n

X- 1 0 0 a n d s 一 1 0 拼9 o f m e m b r a n e P r o t e i n i n a if n al v o l u m e o f 1 2 5 拼L
.

T he
r e
ac t i o n

was
s t ar t e d by ad d i n g A T P a n d p r o e e e d e d fo r l住 30 m i n a t 30

O
C

, t h e n t e r m i n a卜d w i t h

1 2 5 拜L o f i e e 一 e o ld 1 0% (w / v ) T C A
.

A l iq u o t s o f t h e r e
acj t i o n m i x t xu

e

we
r e r e

vome
d fo r P i

as s

盯
,

w ih e h w as b as
e d o n t h e b i n d i n g o f m a lac 址 t e 罗ee n [9 ]

.

T h e va n
ad at -e o r n i t r at -e s e n s i t iv e A T P as e ac t i v i t y w as

r e fe r r e d r e s P e e t ive ly t o t h e

d ec r e

ase i n ac t i v i t y d u e t o t h e i n e lu s i o n o f 1 0 0 拜m o l / L van ad a t e o r 5 0 mmo
l / L N aN 0 s

in t he ass 即 m e d i u m
.

O t h e r m a r
ke

r e n z y m e s

we
r e

as s a y e d as d e s e r ib e d
: e对 o e hr o m e

。

而 d ase (C e o ) [̀ o ]
, a nt i哪

e i n A
一

i n s e n s i t ive N A D H
一 e
对 o e h r o m e e

一 r e d u e t as
e

(C C R ) [“ 1



N o
.

l H u a n g J i a n z h o n g e t a l
.

: A e t iv e e a le i u m t r a n s P o r t i n P las m a m e m b r a n e ve s i e le s 3 3

a n d l a t e nt ID P as
e
[12 ]

.

2
.

5 C a Z + t r a n s p o r t

U p t a ke o f C a Z+ i n t o m e m b r a n e
ve

s i e l e s w as as
s

妙d 饰 t h e if l t r a t i o n m e t h o
d [13 1 a t

Zo
o
C w i t h 4 5 C a 2+ us e d as a t r ac

e r fo r C a Z+ a e e u m u l a t i o n
.

肠
a n s p o r t s o lu t i o n i n e lu d e d

2 5 0 m m o l / L
s o r b i t o l

,

2 5 m m o l / L H e p e s
/B t p (p H 7

.

5 )
,

4 m m o l / L M g SO 4 ,
0

.

4 m m o l /L

N aN
3 ,

2 0 拼m o l / L C a C I : ( 1 0 k B q / m L 4 5 C a 2 + )
a n d 士 3 m m o l / L AT p

.

U p t

ake was
i n i t i

-

at e d 场 ad d i n g m e m b r a n e
ve

s i e l e s

(2 0 0 拜9 p r o t e i n / m L ) t o t h e r e a e t i o n m i x t u r e
.

A t 2 0

m i n fo ll ow i n g t h e i in t i a t i o n
,

t h e r e a e t i o n m i x t u r e w as
r

ap id ly if l t e r e d t h r o u g h 0
.

4 5 拼m

n i t r o e e ll u l o s e if l t e r s p r e v i o u s ly d i p p e d fo r 2 h i n a r i n s e S o lu t i o n C o
nt ia n i n g 2

.

5 m m o l / L

H e p e s / B t p (p H 7
.

5 )
,

2 5 0 m m o l / L
s o r b i t o l

,
a n d 0

.

1 m m o l / L C a C 12
.

F i l t e r s

we
r e q u ick ly

w a 6 he d t hr i e e w i t h 1 m L e a e h o f i e -e e o ld r i n s e s o lu t i o n
.

T h e s o lu t i o n r e m a i n i n g u P o n t h e

if lt e r

was as p i r at e d aw ay 饰
a m i ld va e u u m t o t h e t即

.

T be ifl t e r s

we
r e t h o r o u g h ly d r i e d a n d t h e r

ad i o ac t i v i t y d e t e r m i n e d i n 5 m L o f s e in
-

t i ll at io n e o ck t ia l (4
.

2 9 o f P p O + 8 0 m g o f p o p o p i n o n e l i t r e o f t o lu e n e

) u s i n g a P ac 玩
r d

1 9 0 0 T R ll 4]
.

T h e a e e u m ul a t i o n o f C a Z+ i n t h e m e m b r

an
e ve s i e l e s w as t h e n e a l e u lat e d

.

A e t ive u P t a k e

was
d e if n e

d as t h e d iffe
r e n e e b e t w ee n u P t a k e i n t he p r e s e n e e a n d ab s e n e e

o f 3

unn
ol / L A T P

.

2
.

6 P r o t e i n

p r o t e in

was
d e t e r m i n e d 勿 t h e d y e

一

b in d i n g m e t h o d [1 51 w i t h B s A as a s t a n d ar d
.

2
.

7 P i gme nt e x t r a e t io n

P ig m e nt e x t r ac t i o n a n d a b so
r p t i o n s p e e t r u m s e a n

we
r e P e r fo r m e d as d e s e r ib e d i n

珑 f
.

【16 1
·

2
.

8 C he m i c a l s

A l
,

P
,

I D P
, e al e i u m i o on p h o r e A 2 3 18 7

,

C a M
,

H e p e s
,

M
e s ,

B t p
,

a n t i n l y e i n A
, e y

-

t o e hr o m e e ,

P E G 3 3 5 0 we
r e p u r e h as e d for m S i gm a

.

D e x t r an T 5 0 0

was
o b t ia n e d fr o m

p h ar m ac i a
.

P V P (K 3 o ) w as a p r o d u e t o f F lu ka
.

A ll o t h e r e h e m i e al s w e r e o f a n a ly t i e a l

o r t he ih g h e s t gr 劝 e e o mme
r e ial ly

a v al lab le
.

2
.

9 D at a P er se nt at io n

A s s

ay
s
we

r e r u n in t r i P il e at e
.

E ac h ex P e r im e nt was
e a r r i e d o u t at l e as t two t im e s ,

b ut v al u e s s h o w n h e r e ar e fr o m o n e r e P r e se nt at ive
e x P e r im e nt

.

3 R E S U IT S A N D D I S C U S S I O N

3
.

1 P r e P ar at io n o f P la s m a m e 互n b r

an 石 ve
s i e l e s

T h e if n al u P p e r p h as
e fr o m aq u e o su P h as e p ar t i t i o in n g o f m e m b r

an
e s fr o m d e v e -l

o P i n g b e a n e o t y l e d o sn w as e h ar ac t e r i z e d as t o P M P u r i t y by as
s

ay i n g m a r
ke

r e n z y m e s

fo r o t h e r m e m b r

an e s (aT b l e l )
.

T h e d at a in d i e a t e t h a t e o nt am
i n at i o n by m e m b r a n e s

ot h e r t h an P M 15 m i n im al a
dn

e o r r e s P o n d w e l l w i t h o t h e r s t u d i e s w h e r e

aq u e o u s t

-wo
p h ase

p ar t i t i o n i n g
was

u s e d t o o b t ia n p M ve s i e l e s o f h ig h p u r i t y [6
,

8
,
1 71

.

凡
r e x a m p l e

, t h e

n i t r at 已 s e n s i t ive 灯 P as
e ,

w h i e h 15 lo e a li z e d o n t h e t o n o p l as t [1 8 1
,

w as o n ly 曲 o u t 1
.

5% o f
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t h e

van 耐
a t -e s e sn i t ive 灯 P as e

,
a m a r

骊
r fo r P M [1 9 ]

.

rr h e s p e e i if e
ac t i v i t y o f t h e l a t t e

r i n

t h e if n al u p P e r p h ase w as a b o u t 4
.

5 t im e s g r e a t e r t h a n t h a t fo u n d i n t h e m i e r o s o m al

0
.

0 6

0
.

0 4

2lnI.0

口。ō习d台.qV

·
0

.

0 1

___ 1 1 111

么么么
「「

.

顶七
e 、 o n e b lan k 一~ 门、 哪口侧` 二` 一~ ~ 一二二

lll 一 1 .
1 一 l

二
1 . 1 . 1 . 0 .

… ……3 5 0 4 0 0 5 0 0 6 0 0

W va
e
l
e n g t l : /

。 m

7 0 0

F i g
.

1 A b s o r p t i o n s p e e t r a o f a e e t o n e e x t r a e t s fr o m a b e

an m i e r o so m al fr a c t i o n (M )

an d fr o m t h e u p p e r
(U ) an d 】o w e r

( L ) p h as
e s a ft e r

叫
u e o us t w 介 p h as

e p a r t i t i o过雌

l b b l e l

C h ar a e t e r 汤at i o n o f P 】as m a m
e m b r a n e e n r l e h e d ve

s i e le s P ur i if ed by
a q u eo us t

-wo
P h as

e P ar t it i o址gn
.

M
e m b r a n e s

we
r e i s o l a t e d fr o m
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