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Plant  basic  7 S g l o b u l i n - l i k e  pro te ins  have  insul in and  insu l in - l ike  g r o w t h  
factor  b i n d i n g  act iv i ty  
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Basic 7 S g lobul in  (Bg) is a cysteine-r ich g lycopro t¢ in  p resen t  in s o y b e a n  seeds.  M a t u r e  Bg is c o m p o s 0 d  o f  high-  a n d  I o w - k D a  s u b u n i t s  l inked by 
disulfide bonding°  A l igand b lo t t ing  e x p e r i m e n t  us ing  [*-"llinsulin a n d  |~" ' i ] insulin-l ike g r o w t h  fac to r - I  and  - I !  s h o w e d  tha~' Bg s u b u n i t s  are  a ~  
to bind n o t  only to  msul in  but  to  insul in-l ike g r o w t h  fae to r s - I  a n d  -it .  Be-like p ro t e in s  f rom o t h e r  l egume species c ross - r eac ted  wi th  an t i -Be  a n t i b o d y  
a lso  bind to msul in  and  insulin-l ike g r o w t h  factors .  Be-like pro te in  in c~rrot  c'etls w a s  f o u n d  to  have  in su lm b ind ing  activity.  Be-l ike p ro l e in s  m a y  

I ~  involved in an insulin-l ike r egu la to ry  m ~ h a n i s m  in m a n y  plan~ spc~ies~ 

Legumes:  { ' a r ro t ;  SLued pro te in :  Basic 7 S globul in;  l n s u h a  b ind ing  pro te in :  Insul in- l ike  g r o w t h  fac tor  b ind ing  pro te in .  

1. I N T R O D U C T I O N  p r o t e i n s  m a y  p a r t i c i p a t e  in i n s u l i n l i k e  r e g u l a t o r y  
m e c h a n i s m  in m a n y  p l a n t  species .  

Basic 7 S g lobu l in  (Bg)  is a cys te ine-r ich  g l y c o p r o t e i n  
in s o y b e a n  seeds,  cons i s t ing  o f  27 k D a  and  16 k D a  
subuni t s  l inked by disulf ide b o n d i n g  [!]~ T h e  partial 
a m i n o  acid s equence  o f  B 8 w a s  d e t e r m i n e d  by  actual  
p r o t e i n  s e q u e n c i n g  [2] a n d  the  c o m p l e t e  s e q u e n c e  w a s  
deduc~-d f r o m  the nuc l co t i de  s~4uence  o f  Bg e D N A  [1]. 
W h e n  i m m e r s e d  in h o t  w a t e r  ( 4 0 - 6 0 ° C ) .  s o y b e a n  seeds  
release a large a m o u n t  o f  Be.  Th i s  sugges t s  that  Bg is 
a i~,rotein with impor tant  ."unctions, and  not  s imply  a 
s¢,:a s torage  protein.  Recent ly ,  a prote in  which is able  
to  bind to  insulin and  insul in- l ike  g r o w t h  factor  ( I GF) - I  
w~s  identif ied in the germinat ing  seeds  o f  s o y b e a n  [3]. 
Th i s  prote in  cons i s ted  o f  27 k D a  and 16 k D a  subuni t s  
l inked toge ther  by  disulf ide b o n d i n g .  T h e  N- termina l  
a m i n o  ac id  s e q u e n c e s  o f  these  subuni t s  were f o u n d  to  
be  h ighly  h o m o l o g o u s  with  t h o s e  o f  Bg 27 k D a  ~nd  16 
k D a  subunits .  Bg m a y  thus  be i n v o l v e d  in an insulin-  
l ike regula tory  m e c h a n i s m  in soybean~ 

Previous ly ,  we  reported that  Be- l ike  prote ins  cross -  
reacted with ant i -Bg  a n t i b o d y  are wide ly  d i s tr ibuted  in 
the  seeds  o f  l e g u m e  species ,  such  as  a z u k i - b e a n ,  c o w p e a ,  
French  bean ,  lupin,  m u n g  bean  a n d  w i n g e d  bean  [4]. 
T h e s e  Be- l ike  prote ins  are re leased f r o m  seeds  in hot  
water .  Recent ly ,  a Be- l ike  prote in  w a s  f o u n d  to  be  
re leased f r o m  cul tured  carrot  cells  in to  the  m e d i u m  dur-  
ing the f o r m a t i o n  o f  s o m a t i c  e m b r y o s  [5]. In the  present  
s tudy ,  we  f o u n d  that  these Bg- l ike  prote ins  are c a p a b l e  
o f  b ind ing  to  insulin,  I G F - !  and  IGF-II .  Bg- l ike  
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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. I. Pr¢~leirt ~_~trctctton 

D r y  ma tune  seeds  o f  s o y b ¢ a n  {G/.vcine m~_i, L_ Merri l l  cv. Miyagi~hi-  
rome) ,  azuk i  bean  ( t ' igna  arIg[ari~ L.), lupin  (Lupinu,~ albus L.), m u n g  

T h e y  were  immer se d  in w a t e r  at 60"C f o r  2 -3  h. T h e  seeds  releac, ed 
a large a m o u n t  o f  Big a n d  Bg-like p ro te ins ,  T h e  w a t e r  w a s  d ia lyz~l  
aga ins t  de ionized  water ,  lyophi l ized a n d  subjec ted  to  e lec t rophores i s .  

2,2. lmr*mned#ot t i~ 
Pro te ins  ex t rac ted  were  ~ e F ~ r a t ~  by  s o d i u m  dodecy l su l f a t e -po lya -  

c ry l amide  r e |  ele~:trophoresis  ( S D S - P A G E )  [6] a n d  e l ec t rob lo l t ed  o n t o  
a P V I } F  m e m b r a n e .  T h e  b lo t ted  b a n d s  which  c ross - r eac ted  wi th  ant i -  
bod ies  ra ised  aga ins t  Bg s u b u n i t s ,  were  detected by  p e r o x i d a s e  e n z y m e  
i m m u n o a s s a y  [4] . 

2.3. Detect ion o f  insulin and  I G F  binding proteins 
Blottod p r o , e i o s  c a p a b l e  o f  b ind ing  to  r ad io iod ina t ed  insul in  a M  

I G F s  wen:  dctcctc¢l as  desc r ibed  in [7~. Af te r  t r ans fe r  o f  p ro t e in s  to 
~he P V D F  m e m b r a n e ,  the  m e m b r a n e  w a s  dr ied  at  37°C fo r  5 min .  I t  
w a s  t hen  s o a k e d  a t  4°C,  first,  fo r  30 ra in  in sal ine (0. i S M NaC1, O.Ot 
M T r i s - H C l ,  p H  7.4, 0.5 m g / m i  s o d i u m  azid¢) s u p p l e m e n t e d  wi th  3~lb 
N o n i d e t  P-40; s econd ,  fo r  2 h in sal ine c o n t a i n i n g  I¢~ b o v i n e  s e r u m  
a l b u m i n  ( l ISA);  a n d  f inai |y ,  fo r  l0  rain in sal ine c o n t a i n i n g  0.lIg, 
T w e e n  20, T h e  P V D F  n,  o m b r a n ¢  w a s  then  scaled in a Dh~sti¢ b a g  wi th  
4 0 0 0 0 0  c p m  ['2Sllinsulin, [ t2Sll lGF-I o r  [ t2~IIIGF-II  (Amor-~ham, 
B u c k i n g h a m s h i r e ,  U K ) w i t h  3 m] sal ine c o n t a i n i n g  ! % BSA a n d  0. 1% 
T w e e n  20. T h e  P V D F  m e m b r a n e  w a s  i n c u b a t e d  o v e r n i g h t  at  4"C. T h e  
P V D F  m e m b r a n e  w a s  w a s h e d  twice fo r  15 ra in  a t  4 ~  in sal ine gon -  
ra in ing  0 . |  % Tween  20. a n d  then  3 t imes  fo r  15 rain in sal ine.  T h e  blot  
w a s  dr ied  a n d  e x p o s e d  fo r  7 clays a t  - 7 0 ~ C  t o  Fuj i  X- r ay  film. 

2.4. Competi t ion binding assay 
Bg (200 p m o l )  c lec t rob lo t tod  o n t o  the  P V D F  m e m b r a n e  w a s  incu- 

ba t ed  fo r  30 m i n  at  4 °C  wi th  increas ing  c o n c e n t r a t i o n  insul in .  T h e n  
the  a m o u n t  ofl~2~tlinsulin b o u n d  to  Bg w a s  m e a s u r e d  a n d  the  dissocia-  
t ion  c o n s t a n t  w a s  ca lcu la ted  a s  desc r ibed  in [8]. 
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Fig. I .  Detcclion of  proteins hound to insulin in legume ~ e ~ r  (a) 
Soybean; (b) lupin, (c) c o , p e a :  (d) mung bean: (e) azuki bean. (A) 
Polypeptides detected with Coomassie blue stain. (B) lmmunoact~ve 
polypel~idle with anti-Bg antiboQ~. (C) Radioactive polypeptides with 
[°2sl]insulin containing 10 pglml insulin. {D) radioactive polypeptides 
with [n-~sl]insulin. (E) Protein bound to |~-'~l[insulin in carrot cells. H 

a n d  L show the positions of  27 kDa  and 16 kDa. 

3. R E S U L T S  A N D  D I S C U S S I O N  

B g  r e l e a s e d  f r o m  m a t u r e  s e e d s  in  w a t e r  a t  5 0 ° C  w a s  
s e p a r a t e d  b y  S D S - P A G E  a n d  e l e c t r o b l o t t e d  o n t o  a 
P V D F  m e m b r a n e .  T h e  b l o t t e d  b a n d s  w e r e  r e a c t e d  w i t h  
[ ' : S l ] i n s u l i n ,  I G F - I  a n d  - I I .  T h e  B g  w a s  a b l e  t o  b i n d  I o  
i n s u l i n ,  I G F - !  a n d  - I I  { F i g s .  I D , ,  2A~ a n d  2B , ) .  T h e  
c o n t r i b u t i o n  o f  t h e  n o n s p e c i f i c  b i n d i n g  w a s  d e t e r m i n e d  
b y  m e a s u r i n g  [L 'S l ] in su l in  b i n d ; n g  in  t h e  p r e s e n c e  o f  
e x c e s s  u n l a b e l e d  i n s u l i n  t o  s a t u r a t e  t h e  s p e c i f i c  b i n d i n g  
s i t e s .  H o w e v e r ,  t h e  n o n s p o c i f i c  b i n d i n g  w a s  n o t  d e t e c t e d  
o n  t h e  m e m b r a n e  (F IR .  ICe ) .  T h e  p r e l i m i n a r y  c o m p e t i -  
t i v e  b i n d i n g  a s s a y  s h o w e d  t h a t  t h e  d i s s o c i a t i o n  c o n -  
s t a n t s  o f  B g - i n s u l i n  a n d  B g - I G F - I  c o m p l e x e s  a r e  a b o u t  
15 n M  a n d  6 0  r i M ,  re~p~,~t ivc ly .  T h u s ,  s p e c i f i c  b i n d i n g  
w a s  o b s e r v e d  in  d i f f e r e n t  a f f i n i t i e s  f o r  i n su l i n  a n d  ICIF - I .  

B g - l i k e  p r o t e i n s  r e l e a s e d  f r o m  t h e  s e e d s  o f  a z u k i  
b e a n ,  l u p i n ,  m u n g  b e a n  a n d  c o w p e a  in  w a t e r  f o r  2 - 3  h 
a t  6 0 ° C ,  w h i c h  w e r e  h i g h l y  h o m o l o g o u s  in  t h e  N - t e r m i -  
n a l  s e q u e n c e  t o  B g  [4], w e r e  i s o l a t e d  b y  S D S - P A G E  a n d  
d e c t r o b l o t t e d .  T h e i r  c a p a b i l i t y  o f  b i n d i n g  t o  r a d i o l a b e l -  
e d  i n s u l i n ,  I G F - !  a n d  I G F - I I  w a s  e x a m i n e d .  B g - l i k e  
p r o t e i n s  in  iegur ,  l e  s p o c i c s  w e r e  f o u n d  t o  h a v e  b i n d i n g  
a c t i v i t y  t o  i n s u l i n  a n d  I G F s  ( F i g s .  I D a ,  2 A ~ ,  

D u r i n g  t h e  f o r m a t i o n  o f  s o m a t i c  e m b r y o s  in  c a r r o t ,  
a g l y c o p r o t e i n  h a v i n g  m o l c o u l a r  m a s s  o f  57  k D a  ( G P 5 7 )  
w a s  f o u n d  t o  b e  r e l e a s e d  f r o m  t h e  c u l t u r e d  c e l l s  i n t o  t h e  
m e d i u m  [9]. T h i s  p r o t e i n  h a d  a h i g h l y  h o m o l o g o u s  sc -  

O 

O 
r a m , a m  Q I I B I  , m ,  O - -  M 

~m,~ 91m~ 9EBb 9 B )  ---, L 

a b c d e ' -  a b c d -  e 

Fig  2. Dcueclion o f p r o l ¢ i n s  h o u n d  IL, I G F - !  a n d  1 G F - I I  (a)  Soybean :  
{hi lupir,: (c) cowpea :  (d)  m u n g  bean:  (e) azuki  bean .  (A)  Radioac t ive  
poly l '~pt ides  wi th  It2Sl]lGF-I. (B) radioact ive  po lypcp t idcs  wi th  

[ l :~llIGF~il .  H a n d  L s h o w  the i~t~sitions o f  27 k D a  and  16 kDa.  

q o e n c ¢  w i t h  B g  [5]. T h e  c a r r o t  B g - l i k e  p r o t e i n  w a s  s e p a -  
r a t e d  b y  S D S - P A G E  a n d  e l o c t r o b l o t t c d ,  a n d  i t s  c a p a b i -  
l i t y  o f  b i n d i n g  t o  [°-'- 'rl]insulin w a s  e x a m i n e d .  I t  w a s  
f o u n d  t o  h a v e  b i n d i n g  a c t i v i t y  t o  i n s u l i n  ( F i g .  I E) .  

F r o m  t h e s e  r e s u l t s ,  i t  is c o n c l u d e d  t h a t  a l l  B g - l i k e  
p r o t e i n s  in  p l a n ; s  h a v e  i n s u l i n ,  I G F - I  a n d  1 G F - I i  b i n d -  
i n g  a c t i v i t y .  B g - l i k e  p r o t e i n s  m a y  t h u s  p o s s i b l y  b e  i n -  
v o l v e d  in  a n  i n s u l i n - l i k e  r e g u l a t o r y  m e c h a n i s m  in 
p l a n t s .  H o w e v e r ,  t h e r e  is  n o  e v i d e n c e  t h a t  B g - i i k e  
p r o t e i n s  f u n c t i o n  a s  i n s u l i n  r e c e p t o r s  o r  | G F  r ~ , ' e p t o r s  
in  p l a n t s .  T h e  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  B g  [ I ]  w e r ,  
c o m p a r e d  w,i'.ida t lxosc o f  t h e  insulh~ ~c , .cp i~ ,  [ I0 ] ,  I G F - I  
r e c e p t o r  [1 I]  a n d  I G I  - I I  r e c e p t o r  [12]. N o  h o m o l o g y  in  
a m i n o  a c i d  s e q u e n c e  w a s  f o u n d  a m o n g  t h e s e  p r o t e i n s .  
H o w e v e r ,  t h e r e  a r e  s t r u c t u r a l  s i m i l a r i t i e s  in  g l y c o s y l a -  
t i o n ,  t h e  p r e s e n c e  o f  a c y s t e i n e - r i c h  d o m a i n  a n d  d i s u l -  
f i d e - b o u n d  a - j8  s u b u n i t  s t r u c t u r e  b e t w e e n  B g  a n d  t h e  
i n s u l i n  r e c e p t o r  o r  I G F - I  r e c e p t o r ,  a n d  in g l y c o s y l a t i o n  
a n d  t h e  p r e s e n c e  o f  c y s t e i n e - r i c h  d o m a i n  b e t w e e n  B g  
a n d  I G F - I I  r e c e p t o r .  T h e  i n s u l i n  a n d  I O F - I  r e c e p t o r s  
a r e  s y n t h e s i z e d  a s  a p r e c u r s o r  p o l y p e p t i d e  w h i c h  is 
p o s t - t r a n s l a t i o n a l l y  c l e a v e d  a t  t h e  N - t e r m i n a l  s i d e  o f  
s c r i n e  r e s i d u e  t o  g e n e r a t e  ¢z a n d  ~ s u b u n i t s .  T h i s  
r e s e m b l e s  t h e  p o s t -  t r a n s l a t i o n a l  p r o c e s s i n g  s c h e m e  f o r  
B g  p r e c u r s o r  p o l y p e p t i d e .  T h e  e x i s t e n c e  o f  p r o t e i n s  
c a p a b l e  o f  b i n d i n g  t o  i n s u l i n ,  I G F - !  a n d  I G F - l l  
s u g g e s k s  t h a t  t h e r e  i s  a k i n d  o f  i n s u l i n - l i k e  r e g u l a t i o n  in  
p l a n t s .  T h e s e  p r o t e i n s  m a y  h e l p  t o  i s o l a t e  a n e w  g r o u p  
o f  r e g u l a t o r y  c o m p o u n d s .  
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