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I n h i b i t o r y  P e p t i d e s  f r o m  C o n c a n a v a l i n  A 

SUMNER a n d  HOWELL 1 in t h e i r  classical  p a p e r  on  t h e  
h e m a g g l u t i n i n  f rom t h e  j a ck  bean ,  c o n c a n a v a l i n  A 
(Con A), obse rved  t h a t  i t  was  r a t h e r  r e s i s t a n t  t o w a r d  
t r y p t i c  d iges t ion,  a n  o b s e r v a t i o n  l a t e r  conf i rmed  b y  
AGRAWAL a n d  GOLDSTEIN 2, who found  t h a t  pronase ,  
c h y m o t r y p s i n ,  peps in  and  p a p a i n  de s t royed  the  agglu-  
t i n a t i n g  a c t i v i t y  of Con A more  r ead i ly  t h a n  t ryps in .  

The  ac t ive  t e t r a m e r i c  Con A molecule  ha s  4 b i n d i n g  
si tes t h a t  comb ine  w i t h  r ecep to r s  on  t he  suscep t ib le  cell 
surface  s . I n  t h e  p r e s e n t  p a p e r  we propose  to obtain,  b y  
con t ro l l ed  pro teo lys i s  a p a r t i a l l y  deg raded  Con A molecule  
w i t h  one i n t a c t  b i n d i n g  site. This  pep t i de  molecule  
should  no t  possess h e m a g g l u t i n a t i n g  ac t iv i ty ,  b u t  be ing  
able  to  comb ine  w i t h  a r ecep to r  i t  shou ld  cause  i n h i b i t i o n  
of t he  n o r m a l  a g g l u t i n a t i o n  b y  Con A. 

Mater ia l  and methods. Con A was p r e p a r e d  f rom e x t r a c t s  
of g r o u n d  j ack  b e a n s  b y  t h e  m e t h o d  of OLSON a n d  
LIENER 4. Af te r  p r e l i m i n a r y  e x p e r i m e n t s  on t h e  yield of 
t he  i n h i b i t o r y  f r ac t i on  b y  p ro t eo ly t i c  d e g r a d a t i o n  of 
Con A w i t h  severa l  commerc i a l  pro teases ,  t he  fol lowing 
m e t h o d  was chosen :  to  30 m g  Con A in 5 ml  0.066 M 
p h o s p h a t e  buffer ,  p H  7.5, 500 ~xg t r y p s i n  (bovine  pancreas ,  
1 • crys ta l l ized,  S igma  Chem. Comp.,  St. Louis,  Mo.) in 
0.1 ml  10 -3 M HC1 were added .  Diges t ion  t i m e  was 
24 h a t  25 ~ a f te r  wh ich  t he  d iges t  was  passed  t h r o u g h  a 
S e p h a d e x  G-10 c o l u m n  (0.8 •  cm) us ing  b id is t i l l ed  
w a t e r  as e luan t .  T he  e f f luen t  was  col lected in 1 ml  
f r ac t ions  and  op t ica l  dens i t y  m e a s u r e d  a t  280 a n d  220 rim. 
H e m a g g l u t i n a t i n g  a c t i v i t y  was d e t e r m i n e d  on  p ronase -  
t r e a t e d  r a b b i t  eryf ihrocytes  us ing  a m i c r o t i t r a t i o n  k i t  
(Cooke E n g i n e e r i n g  Comp. Alexandr ia ,  Va.). 25 ~zl of t he  
pep t i de  f r ac t ions  (40-80 Ezg) to  be t e s t e d  were p u t  in to  
each  well  of t h e  m i c r o t i t e r  p la te ,  25 ~1 of Con A (5 ~zg) 
were  added  to t he  f i rs t  well  and  d i lu ted  in geomet r i ca l  
sequence  in  each  of t he  fol lowing wells. F ina l ly ,  25 ~1 of a 
4 % p r o n a s e - t r e a t e d  r a b b i t  e r y t h r o c y t e  so lu t ion  were added  
a n d  h e m a g g l u t i n a t i o n  obse rved  a f t e r  30 m i n  a t  25 ~ 

I n  some expe r im en t s ,  i n s t e ad  of na t ive ,  d e n a t u r e d  
Con A was used  for  t h e  o b t e n t i o n  of t he  i n h i b i t o r y  
pept ides .  The  fol lowing p rocedure  of d e n a t u r a t i o n  was 
used:  30 m g  Con A dissolved in 2.5 ml  0.2 M c a r b o n a t e  
buffer ,  p H  10.2, were k e p t  a t  50~ for 10 rain,  cooled 
i m m e d i a t e l y  to  25~ neu t r a l i z ed  w i t h  1 21// HC1 a n d  
b r o u g h t  to  5 ml  f ina l  v o l u m e  w i t h  2.3 m l  0.066 M 
p h o s p h a t e  buffer ,  p H  7.5. This  so lu t ion  was devo id  of 
h e m a g g l u t i n a t i n g  ac t iv i ty .  
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Chromatography of Con A-trypsin-digestion products on a Sephadex 
G-10 column. The fractions marked by the bar were pooled and 
freeze-dried. The pool inhibited hemagglutination of rabbit erythro- 
cytes by Con A. 

The  ac t ion  of t he  pep t i de  f r ac t ion  on  t he  mi togen ic  
a c t i v i t y  of Con A was m e a s u r e d  b y  t he  i n c o r p o r a t i o n  of 
a H - t h y m i d i n e  in to  cu l tu red  h u m a n  l y m p h o c y t e s  5. 

Results.  The  resu l t s  of t he  S e p h a d e x  G-10 c h r o m a t o g -  
r a p h y  of t he  t r y p s i n  d iges t ion  p r o d u c t s  are dep ic ted  in 
t he  Figure .  P e a k  I c o n t a i n e d  ac t ive  Con A, w h e n  t h e  
n a t i v e  p ro t e in  was d iges ted  a t  25~ for 18 h. W h e n  
d iges t ion  was pe r fo rmed  a t  37~ or w h e n  d e n a t u r e d  
p ro t e in  was used, t h i s  e lu ted  m a t e r i a l  was devo id  of 
h e m a g g l u t i n a t i n g  ac t iv i ty .  

P e a k  I V  c o n t a i n e d  t h e  m a t e r i a l  capab le  of i n h i b i t i n g  
t he  h e m a g g l u t i n a t i n g  and  mi togen ic  ac t iv i t i e s  of n a t i v e  
Con A. I n h i b i t i o n  b y  p e a k  I V  was obse rved  w h e n  e i the r  
n a t i v e  or d e n a t u r e d  Con A h a d  been  used for d iges t ion  
(Table).  The  yield of p e a k  IV  was a b o u t  14% and  was t he  
same in b o t h  cases. W h e n  t r y p t i c  d iges t ion  was e x t e n d e d  
to  48 h, t he  i n h i b i t o r y  a c t i v i t y  was lost. Also, d iges t ion  of 
p e a k  I V  w i t h  p ronase  for 18 h a t  p H  7.5 comple t e ly  
abo l i shed  i ts  i n h i b i t o r y  a c t i v i t y  on  Con A. I n c l u d e d  in t he  
Tab le  are t he  resu l t s  of a n  e x p e r i m e n t  showing  t h a t  t h e  
h e m a g g l u t i n a t i n g  a n d  mi togen ic  ac t iv i t i e s  of t h e  k i d n e y  
b e a n  h e m a g g l u t i n i n  are no t  i n h i b i t e d  b y  f r ac t ion  IV. 

Discussion.  The  resu l t s  show t h a t  b y  l imi ted  p ro teo ly t i c  
d e g r a d a t i o n  of Con A, n a t i v e  or d e n a t u r e d ,  p r o d u c t s  are 
o b t a i n e d  wh ich  are capab le  of i n h i b i t i n g  h e m a g g l u t i n a -  
t i on  and  mi tos is  i nduced  b y  n a t i v e  Con A. 

These  p r o d u c t s  are  of pep t i de  n a t u r e  a n d  consis t ,  
p robab ly ,  of ' m o n o v a l e n t '  molecules,  in  wh ich  one 
ac t ive  si te  of Con A has  an  u n c h a n g e d  conf igu ra t ion  a n d  
the re fore  b locks  a cell receptor .  C h r o m a t o g r a p h y  of t he  
i n h i b i t o r y  f r ac t ion  on a S e p h a d e x  G-75 c o l u m n  yields  
severa l  ac t ive  pep t ides  e lu t ing  b e t w e e n  t he  10 a n d  20,000 
molecu la r  we igh t  marke r s ,  two of wh ich  are  p r e sen t  in  
r e l a t ive ly  large a m o u n t s .  The  r e t e n t i o n  of these  r a t h e r  
large pep t ides  on  S e p h a d e x  G-10 m u s t  be due to  t h e i r  
h y d r o p h o b i c  in te rac t ion .  H igh  vo l t age  p a p e r  electro-  
phores is  of t he  d iges t  showed  6 r a t h e r  h y d r o p h o b i c  
pept ides ,  wh ich  suppo r t s  t he  p rev ious  hypo thes i s .  These  
i n h i b i t o r y  pep t ides  can  be o b t a i n e d  f rom n a t i v e  or alkal i-  
t r e a t e d  i nac t i ve  Con A. I t  seems, }herefore,  t h a t  a lkal i  
d e n a t u r a t i o n  d id  n o t  af fec t  t he  con f igu ra t ion  of t he  zone 
respons ib le  for t he  i n t e r a c t i o n  w i t h  cell receptors .  The  
fac t  t h a t  these  pep t ides  i n h i b i t  b o t h  h e m a g g l u t i n a t i n g  
and  mi togen ic  ac t iv i t i e s  suggests  t h a t  in  t he  i n t a c t  Con A 
molecule  more  t h a n  one ac t ive  s i te  is requi red ,  no t  on ly  
for h e m a g g l u t i n a t i o n  3 b u t  also for mi togen ic  ac t ion .  
F r o m  the  lack of i n h i b i t o r y  a c t i v i t y  t o w a r d  b e a n  h e m a g -  
g lu t in in ,  i t  can  be  conc luded  t h a t  t he  cell r ecep tors  for 
t he  l a t t e r  are d i f fe ren t  fo rm t h e  ones b i n d i n g  Con A. 
Diges t ion  p r o d u c t s  f rom Con A possess ing i n h i b i t o r y  
a c t i v i t y  h a v e  been  descr ibed  before  a n d  t h e i r  ac t ion  on  
cu l tu red  cells s tud ied  6, 7, b u t  no  f u r t h e r  c h a r a c t e r i z a t i o n  
has  been  repor ted .  
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Comparison of the inhibitory action of fraction IV on hemagglutiuation and mitosis produced by Con A. 

EXPERIENTIA 31/1 

Agglutinin Peptide fraction Agglutination ~ titer Cpm b Incorporation (%) o 

Con A None 4 9.981 100 
None I (from native Con A) 4 7.993 80 
None I (from denatured Con A) 0 180 2 
None II (from native Con A) 0 220 2 
None III (from native Con A) 0 230 2 
None IV (from native Con A) 0 243 2 
Con A I (II or III) 4 9.700 97 
Con A IV (from native Con A) 0 2.240 22 
Con A IV (from denatured Con A) 0 3.230 32 
Con A IV Pronase-treated 4 9.043 91 
Con A IV Trypsin-treated 48 h 4 _ a _ 
Bean PHA IV (from native Con A) 4 16.850 91 
Bean PHA None 4 18.500 100 

a l~Ieasured as described in text. b Counts per min incorporated aH-thymidine in cultured human lymphoeytes. ~ Percent incorporation of 
aH-thymidine as compared to the one produced by Con A. a Not measured. 

T h e  i n h i b i t o r y  f r a g m e n t s  f r o m  C o n  A a r e  p r o m i z i n g  
t oo l s  for  t h e  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  ro le  p l a y e d  b y  
Con  A r e c e p t o r  s i t e s  of  n o r m a l  a n d  t r a n s f o r m e d  cells .  
P r o b a b l y ,  s i m i l a r  i n h i b i t o r y  p e p t i d e s  c a n  be  o b t a i n e d  
f r o m  o t h e r  p h y t o h e m a g g l u t i n i n s  a n d  c a n  b e  u s e d  t o  
s t u d y  t h e  d i f f e r e n t  a s p e c t s  of  t h e i r  b i o l og i ca l  a c t i v i t i e s  s. 

8 Supported by Gran~ No. 273 from the Consejo Naeiotlal de 
Investigaeiones Cientificas y Teenol6gicas (CONICIT). 

Zusammen/assung. D u t c h  T r y p s i n v e r d a u u n g  v o n  n a t i -  
v e m  u n d  d e n a t u r i e r t e m  C o n c a n a v a l i n  A w u r d e  e i n e  
P e p t i d f r a k t i o n  e r h a l t e n ,  d ie  s o w o h l  d ie  h ~ m a g g l u t i -  
n i e r e n d e  a l s  a u c h  d ie  m i t o g e n e  W i r k u n g  y o n  C o n c a n a v a l i n  
A h e m m t .  D ie  F r a k t i o n  ze ig t e  j e d o c h  k e i n e  W i r k u n g  a u f  
d ie  A k t i v i t / i t  y o n  B 0 h n e n a g g l u t i n i n .  
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Electrophoretic Study of Carboxylesterases During the Ontogenesis of Medicago scutellata 

D u r i n g  d i f f e r e n t i a t i o n ,  i t  is k n o w n  for  a n u m b e r  of  
e n z y m e s  t h a t  o n t o g e n e s i s  is a s s o c i a t e d  w{ t h  a l t e r a t i o n  i n  
t h e  i s o e n z y m e  c o n t e n t  of  t h e  o r g a n i s m s .  T h e  d i f f e r e n t i a l  
s y n t h e s i s  of  i s o e n z y m e s  in  cel ls  m a y  be  c o n s i d e r e d  as  a n  
e l e m e n t a r y  p r o c e s s  in  cell  d i f f e r e n t i a t i o n  1. S u p p o r t  for  
t h e  c o n c e p t  of  d i f f e r e n t i a l  g e n e  a c t i v a t i o n  d u r i n g  ce l l u l a r  
d i f f e r e n t i a t i o n  h a s  b e e n  d e r i v e d  f r o m  s t u d i e s  of  t h e  o n t o -  
g e n e s i s  of  i s o e n z y m e s .  S u c h  s t u d i e s  in  t h e  ca se  of  c a r b o x y l -  
e s t e r a s e s  h a v e  b e e n  c a r r i e d  o u t  m a i n l y  in  a n i m a l s  2-9, 
w h i l e  n o  c o m p l e t e  s t u d y  h a s  y e t  b e e n  m a d e  o n  t h e  
o n t o g e n e s i s  of  c a r b o x y l e s t e r a s e s  i n  p l a n t s  ~~ T h e  
p u r p o s e  of  t h i s  s t u d y  w a s  t o  i n v e s t i g a t e  w h e t h e r  m u l t i p l e  
m o l e c u l a r  f o r m s  of  c a r b o x y l e s t e r a s e s  o c c u r e d  in  a 
wi ld  spec i e s  o f  A l p h a l p h a  (Medicago scutellata), a n d  
w h e t h e r  t h e s e  f o r m s  w e r e  c h a n g e d  d u r i n g  t h e  d e v e l o p -  
m e n t  of  t h e  p l a n t .  

Material and methods. S eeds  of Medicago scutellata 
(Miller) we re  c o l l e c t e d  f r o m  P a t r a s  f ie lds ,  d i s i n f e c t e d  
w i t h  a 2 5 %  s o l u t i o n  of  c o m m e r c i a l  l i q u i d  b l e a c h  ( ' K l i n e x ' )  
a n d  p a r t  of  t h e  s e e d - c o a t  w a s  r e m o v e d  in  o r d e r  to  f a c i l i t a t e  
g e r m i n a t i o n .  T h e  s e e d s  w e r e  a l l o w e d  t o  g e r m i n a t e  a t  
25~  in  p e t r i  d i s h e s  l i n e d  w i t h  f i l t e r  p a p e r  w e t t e d  w i t h  
w a t e r .  A f t e r  t h e  g e r m i n a t i o n ,  t h e  s e e d l i n g s  we re  g r o w n  in  
p o t s .  S a m p l e s  f r o m  d i f f e r e n t  o r g a n s  w e r e  t a k e n  a t  
v a r i o u s  d e v e l o p m e n t a l  s t a g e s ,  h o m o g e n i z e d  w i t h  d i s t i l l e d  
w a t e r  ( 1 :5  "VV/V), f i l t e r e d  t h r o u g h  c h e e s e - c l o t h ,  c e n t r i -  
f u g e d  fo r  30 r a in  a t  30 ,000 g a t  4 ~  a n d  t h e  s u p e r n a t a n t  

w a s  co l l ec t ed .  H o r i z o n t a l  s t a r c h  ge i  e I e c t r o p h o r e s i s  w a s  
c a r r i e d  o u t  u s i n g  t h e  d i s c o n t i n u o u s  b u f f e r  of  ASHTON 
a n d  BRADEN 14 w i t h  s o m e  m o d i f i c a t i o n s  ( the  gel  b u f f e r  
w a s  d i l u t e d  to  1/s w i t h  d i s t i l l e d  w a t e r ) ,  a n d  a v o l t a g e  
g r a d i e n t  of  20 V / c m  for  21/~-3 h .  A f t e r  e l e c t r o p h o r e s i s ,  
t h e  ge l s  were  s l i ced  h o r i z o n t a l l y  a n d  t h e  c a r b o x y l e s t e r a s e  
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