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Purification of Galactose-Binding Phytoagglutinins and Phytotoxin by Affinity Column Chromato- 
graphy Using Sepharose 

Recen t ly  we 1 repor ted  t h a t  phy toagg lu t in ins  hav i n g  
di f ferent  sugar specif ic i ty  showed di f ferent  agglu t inabi l i ty  
agains t  several  kinds of mur ine  t u m o r  cell lines and  con- 
sequen t ly  these phy toagg lu t in ins  could be useful as a tool  
in t he  inves t iga t ion  of surface s t ruc ture  of the  t u m o r  ceils. 
BURGER et  al. 2,3 recent ly  communica t ed  t h a t  w h e a t  
germ agglut in in  agglu t ina tes  the  viral ly  t r ans fo rmed  cells 
more  s t rongly  t h a n  the  normal  cells and the  p h e n o m e n o n  
migh t  closely relate  wi th  t he  mal ignancy  of the  cells. In  
order  to have  more  precise and  unambigous  knowledge  
concerning th is  relat ion,  t he  use of purif ied phy toag -  
glut inin  hav ing  high b inding  specifici ty wi th  a def ini te  
sugar would be necessary.  

This t ime,  phy toagg lu t in ins  which specifically b ind  
galactose were puri f ied by  use of af f in i ty  co lumn chroma-  
t og raphy  t h r o u g h  Sepharose,  a galactose-conta ining poly-  
saccharide.  The pur i f ica t ion  of glucose-binding phy t o -  
agglut inin,  such as concanava l in  A, by  use o f  Sephadex  
co lumn c h r o m a t o g r a p h y  has  been repor ted  by So and  
GOLDSTEIN 4. 

Materials and methods. 100 g each of meal  made  f rom 
seeds of Ricinus communis, Sophora japonica, Momordia 
charantia or d brus precatorius were ex t r ac t ed  wi th  500 ml  
of phospha te -buf fe red  saline (pH 6.8) a t  4~ for 2 days.  
To the  crude ex t r ac t  thus  ob t a ined  was added  (NH4)~SO 4 
and  the  p rec ip i ta te  t h a t  occurred be tween  0.3 to 0.6 
sa tu ra t ion  of the  sal t  was taken,  and  i t  was dissolved in 
100 ml of the  same saline and  dialyzed agains t  water .  The 
dia lyzed solut ion was cent r i fuged and the  s u p e r n a t a n t  
lyophil ized (Frac t ion  I). 500 mg of the  Frac t ion  I were  
dissolved in 40 ml  of the  phospha te -buf fe red  saline. The 
solut ion was appl ied  onto  a co lumn of Sepharose  4B and  
the  co lumn eluted wi th  the  same saline. The absorbance  
a t  280 n m  and the  agg lu t ina t ing  ac t iv i ty  agains t  h u m a n  
O-e ry th rocy tes  of the  eff luents  were es t imated:  Af te r  
d i sappearance  of t he  pro te in  in the  effluents,  the  e lut ion 
media  was subs t i t u t ed  wi th  0.1 M galactose solution.  
The peak  f rac t ion which  had  high agglut inin  ac t iv i ty  was  
taken,  dia lyzed aga ins t  wa te r  and  the  d ia lysa te  was  
lyophil ized.  The assay of the  agglut inin  ac t iv i ty  aga ins t  
several  cell lines was pe r fo rmed  according to  the  previous  
pape r  1, and the  tox ic i ty  was expressed by  concen t ra t ions  
of the  phytoagglu t in in ,  which  caused 50% growth- inh ib i -  
t ion (ICs0) of the  in v i t ro  cul ture  of Yoshida  asci tes 
sa rcoma cell 5. 

Results. Agglut inins  ob ta ined  f rom Ricinus communis, 
Momordia charantia and A brus precatorius could be 
puri f ied by  af f in i ty  c h r o m a t o g r a p h y  using Sepharose  
column, while the  agglut in in  of Sophora japonica was no t  
re ta ined  on Sepharose  (Figures 1 and 2). In  the  Table,  the  
agglut inabi l i ty  of the  puri f ied phy toagg lu t in ins  agains t  
h u m a n  O-e ry th rocy tes  and Yoshida  sarcoma cells are 
summar ized .  

The agglut in ins  f rom Ricinus communis and A brus 
precatorius showed high agglu t ina t ing  act ivi t ies  agains t  
bo th  k inds  of cell lines, while  t h a t  f rom Momordia cha- 
rantia did no t  show the  ac t iv i ty  against  Yoshida  sa rcoma 
cells. 

This  observa t ion  ind ica ted  t h a t  agglu t ina t ion  specifici ty 
of each agglut in in  which was  bound  on Sepharose is no t  
the same.  

W h e n  thus  purif ied phy toagg lu t in in  f rom Ricinus 
communis was appl ied to  gel-f i l t ra t ion th rough  Biogel 
P150, i t  was sepa ra ted  into 2 peak  f rac t ions  as is shown 
in Figure 2b. I t  is n o t e w o r t h y  t h a t  t he  faster  e lu table  
p ro te in  by  the  gel-f i l t ra t ion had  high agglut in in  ac t iv i ty ,  
while the  slower elutable 1 showed only  sl ight ac t iv i ty ,  
t h o u g h  i t  was re ta ined  on Sepharose  (Figure 2c). On the  
o ther  hand,  the  slower e lu table  pro te in  showed h igher  
tox ic i ty  aga ins t  Yoshida  sa rcoma cells t h a n  the  fas ter  
e lu table  protein .  

Discussion. Convanava l in  A, a glucose-binding phy to -  
agglutinin,  ob ta inab le  f rom Jack  Bean (Canavalia ensi- 
/ormis) has been  shown to have  the  ac t iv i ty  to t r ans fo rm 
h u m a n  per iphera l  l ymphocy te s  6; to be useful as a reagent  
in the  research on re la t ion be tween  s t ruc tures  and func- 
t ions  of the  cell surfaces. Fur the rmore ,  th is  agglut inin in 
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Agglutination titer and cytotoxicity of phytoagglutinins obtained by ammonium sulfate fractionation and subsequent purification by affinity 
chromatography and gel filtration 

Agglutinating activity Cytotoxicity 

Origin Human O-erythroeytes Yoshida sarcoma cells 

crude Fract. i purified crude Fract. 1 ' purified 
ICso (~xg/ml) 

A brus precatorius 512 1024 2048 �9 2048 2048 4096 ~ 0.004 
Momordia charantia 512 1024 16384 a 8 4 0 �9 > 1000 a 
Sophora japonica 32 256 512 a 1 8 16 a 300 �9 
Ricinus communis 1024 4096 8192 �9 512 1024 2048 ~ 0,O6 
Peak I 16384 b 4096 b 0.20 b 
Peak II 1024 b 256 b 0.02 b 

The agglutinin solution (16 mg/ml) were diluted serially with phosphate buffered saline, and agglutinating activity represent the highest dilu- 
tion giving detectable agglutination. Fr. 1:see text. ~after purification by affinity chromatography, b after successive purification by affinity 
chromatography and gel filtration. 
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Fig. 1. Purif ication of galactose-binding agglutinin on Sepharose 4 B. 
a) Abrus preoatorius; b) Momordia charantia, and c) Sophora iapo- 
nicer. 
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Fig. 2. Purification of Ricinus communis agglutinin on Sepharose 4 B 
and Biogel P150. a) Sepharose 4B colmlm chromatography of Frac- 
tion I, b) Biogel P150 column chromatography of purified agglutinin 
separated in a), and c) Sepharose 4B column chromatography of 
peak II in b). 

a fo rm t h a t  b o u n d  to Sepharose  w h i c h  was p rev ious ly  
a c t i v a t e d  w i t h  BrCN, was ut i l ized for t h e  pur i f i ca t ion  of 
glucose c o n t a i n i n g  g lycopro te ins  ~. Such  wide app l i ca t ion  
of c o n c a n a v a l i n  A was poss ible  because  i t  h a d  been  
pur i f i ed  d i rec t ly  b y  c h r o m a t o g r a p h y  t h r o u g h  S e p h a d e x  
c o l u m n  w h i c h  can  specif ical ly b i n d  t h i s  agg lu t in in .  Th i s  
t ime,  we could pur i fy  ga l ac to se -b ind ing  p h y t o a g g l u t i n i n s  
f rom several  p l a n t s  such  as A brus precatorius, Ricinus 
communis a n d  Momordia charantia b y  use of Sepharose  
c o l u m n  c h r o m a t o g r a p h y .  Thus ,  t h e  pur i f ied  galactose-  
b i n d i n g  p h y t o a g g l u t i n i n s  could give more  precise infor-  
m a r i o n  concern ing  t h e  r e l a t i on  b e t w e e n  s t r u c t u r e  a n d  
func t i on  of cell surface.  

The  p h y t o a g g l u t i n i n  f rom Sophora japonica could no t  
be  r e t a ined  on  Sepharose  co lumn,  t h o u g h  i t  can  b i n d  
galactose.  Th i  s m i g h t  be exp la ined  b y  t he  specif ic i ty  of 
t h i s  agg lu t in in  to  a -ga lac tosy l  s t r u c t u r e  i nvo lved  in type-  
specif ic  s u b s t a n c e  of h u m a n  A a n d  B e r y t h r o c y t e s  wh ich  
are a g g l u t i n a t a b l e  b y  th i s  agg lu t in in ,  as Sepharose  has  
/3-galactosyl s t ruc tu re .  

I t  has  long been  k n o w n  t h a t  p h y t o a g g l u t i n i n s  are toxic  
to  severa l  cells or an imals ,  b u t  t h e  i d e n t i t y  be tween  
p h y t o t o x i n  a n d  p h y t o a g g l u t i n i n  ha s  neve r  ye t  been  
conf i rmed .  R e c e n t l y  WALDSCHMIDT-LEITZ et  al. s sepa- 
r a t e d  r icin a n d  agg lu t in in  f rom Ricinus communis and  
r e p o r t e d  t h a t  t he  molecu la r  we igh t  of r i c in  is a p p r o x i m a -  
t e ly  one ha l f  of t h a t  of t he  agg lu t in in .  T he  p r o t e i n  con ta in -  

ed in Peak  I I  f rac t ion  of F igure  2b in our  e x p e r i m e n t  was 
o b t a i n e d  b y  ge l - f i l t ra t ion  f rom galac tose  b i n d i n g  agglu- 
t i n i n  f r ac t ion  of Ricinus communis and  i t  m i g h t  be  iden t -  
ical w i t h  r ic in  in  severa l  aspects .  Since th i s  p ro t e in  b inds  
ga lac tose  b u t  does no t  a c t i ve ly  agg lu t i na t e  e r y t h r o c y t e  
a n d  Yosh ida  s a r coma  cells, t he re  is a poss ib i l i ty  t h a t  th i s  
p ro t e in  is a m o n o v a l e n t  agg lu t in in  r e l a t ed  to t he  agglu-  
t i n i n  of Ricinus communis. F u r t h e r  research  on  th i s  
p ro t e in  is now in progress.  

Zusammen[assung. P h y t o a g g l u t i n i n e ,  welche Ga lak tose  
spezif isch b inden ,  w u r d e n  m i t  C h r o m a t o g r a p h i e  a n  Sepha-  
rose gereinigt .  Zwei F r a k t i o n e n  aus  Ricinus communis- 
Agglu t in in  w u r d e n  d u r c h  Ge l f i l t r a t ion  mi t t e l s  Bio-gel 
g e t r e n n t  : die fr i ih e luier te  F r a k t i o n  zeigte s t a rke  Agglut i -  
n a t i o n s a k t i v i t ~ t  und  schwache  Toxiz i t~ t ,  wRhrend  die 
sp~ter  e lu ier te  F r a k t i o n  eine schwache  Agg lu t ina t ions -  
a k t i v i t ~ t  bei s t a rke r  Tox iz i t~ t  zeigt. 
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