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ABSTRACT Two d i f f e r e n t  methods f o r  t h e  l o c a l i z a t i o n  of Con A 
i n d i c a t e  t h a t  t h i s  l e c t i n  is bound t o  t h e  sur face  o f  D i c t y o s t e l i u m  
discoideum amoebae. 
bo th  on c e l l s  i n  suspension and c e l l s  moving on an agar sur face .  
I n t e r n a l i z a t i o n  o f  t h e  Con A does n o t  occur.  

R e d i s t r i b u t i o n  o f  t h e  Con A receptors  occurs 

G i l l e t t e  and F i l o s a  ( ' 73 )  r e p o r t e d  t h a t  when amoebae o f  t h e  c e l l u l a r  s l ime  

mold D ic t yos te l i um discoideum a r e  p u t  on agar con ta in ing  300 pg/ml o f  t h e  p l a n t  

l e c t i n  Concanavalin A (Con A), a f o u r - f o l d  inc rease i n  membrane-bound c y c l i c  

AMP phosphodiesterase a c t i v i t y  occurs w i t h i n  the  f i r s t  30 minutes.  

cont inues t o  inc rease f o r  a t  l e a s t  an hour. Usua l ly ,  t h e  a c t i v i t y  o f  t h i s  enzyme 

increases o n l y  a t  t h e  t ime o f  aggregat ion,  i .e.,  about 10-12 hours a f t e r  t h e  

amoebae a re  p laced on agar (Malchow e t  a l . ,  ' 72 ) .  

A c t i v i t y  

Th is  paper i s  concerned p r i m a r i l y  w i t h  t h e  l o c a l i z a t i o n  and f a t e  o f  Con A 

i n  - D. discoideum amoebae as a f i r s t  s tep  towards understanding how t h i s  l e c t i n  

induces t h e  premature appearance o f  phosphodiesterase. 

t he  e f f e c t s  o f  Con A on ve r teb ra te  c e l l s  has served as a guide throughout.  

s tud ies ,  p r i m a r i l y  on lymphocytes, have demonstrated t h a t  Con A b inds  t o  c e r t a i n  

s i t e s  on g l y c o p r o t e i n  receptors  a t  t h e  c e l l  sur face  (Unanue e t  a1 . , '72; de P e t r i s  

e t  a l . ,  ' 73 ) .  They show t h a t  Con A b i n d i n g  can b r i n g  about t h e  r e d i s t r i b u t i o n  o f  

these sur face  receptors ,  r e s u l t i n g  i n  t h e  fo rmat ion  of aggregates o f  t he  recep to r  

molecules t h a t  can be v i s u a l i z e d  m i c r o s c o p i c a l l y  as caps o r  patches. 

The ex tens i ve  work on 

Those 

Subsequent 
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t o  capping, the Con A-receptor complexes a re  found in intracytoplasmic vesicles ,  

suggesting t h e i r  in te rna l iza t ion  by endocytosis (Barat and Avrameas, '73; Unanue 

e t  a l .  , ' 7 2 ) .  Barat and Avrameas ( ' 7 3 )  reported t h a t  by 3 hours a f t e r  i n i t i a l  

treatment w i t h  Con A there  i s  no longer any indication of the l ec t in  on the ce l l  

surface.  The present work gives evidence f o r  the  binding of Con A t o  the surface 

of Q. discoideum amoebae and the subsequent red is t r ibu t ion  of the  Con A receptors 

MATERIALS AND METHODS Amoebae of - D .  discoideum were grown t o  l a t e  log phase 

in shake cul tures  a t  2 3 O C  using Escherichia pJ as a food supply; the ce l l s  were 

harvested and washed a s  described previously ( G i l l e t t e  and Filosa,  ' 7 3 ) .  

The loca l iza t ion  o f  Con A was determined with fluorescein-labeled Con A 

(F1-Con A )  prepared by the  method o f  Tkacz e t  a l .  ( ' 71 ) .  

F1-Con A (100 ug/ml) a t  2loC were examined with a Carl Zeiss fluorescence micro- 

scope. In addi t ion,  a cytochemical method, which enabled the ul t ras t ruc tura l  

local izat ion of Con A ,  was modified from tha t  of Barat and Avrameas ( ' 7 3 ) .  For 

t h i s  method, amoebae were e i t h e r  suspended in sa l ine  containing Con A o r  spread 

on agar containing the l e c t i n ;  in b o t h  cases the concentration of Con A used was 

300 ug/ml, because i t  had been found t o  give maximum stimulation of phosphodi- 

es terase a c t i v i t y  ( G i l l e t t e  and Fi losa,  '73) .  

a t  2l0C, the c e l l s  were centrifuged out of suspension or scraped off the agar 

Amoebae t rea ted  with 

After a specif ied period of time 

surface and  4 x 10'  c e l l s  were then fixed in 4 ml of 3% glutaraldehyde in 0.1 M 

phosphate buffer pH 7 . 4  f o r  20 minutes a t  2 1 O C .  The c e l l s  were then washed in 

0.1 M phosphate buffer and suspended in a 2 ml solut ion of horseradish peroxi- 

dase (100 ug/ml in 0.02 M phosphate buffer pH 6 .0 )  f o r  30 minutes a t  2loC. Fol- 

lowing three washes in the 0.02 M phosphate buffer,  the c e l l s  were incubated f o r  

15 minutes in 4 ml of 3-3' diaminobenzidine hydrochloride ( D A B )  solut ion 

(500 ug/ml DAB in  0.1 TRIS pH 7.4 containing 0.01% H,O,),  were washed three 

times with 0.1 M phosphate buffer pH 7.4 and were postfixed fo r  one hour with 
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1% osmium t e t r o x i d e  i n  t h e  same b u f f e r .  

Sigma, S t .  Louis, U.S.A.). 

( A l l  chemicals were ob ta ined from 

Two types o f  c o n t r o l s  f o r  t h e  cytochemical  method were run. I n  one, horse- 

r a d i s h  peroxidase was omi t ted  w h i l e  i n  t h e  o t h e r  Con A t rea tment  was omi t ted .  

I n  bo th  cases t h e r e  was no s t a i n i n g .  

RESULTS AND DISCUSSION W i t h i n  15 minutes a f t e r  amoebae were p laced i n  

F1-Con A a t  21 C, capping occur red  and t h e  f luorescence was l o c a l i z e d  a t  one 

end o f  t h e  c e l l  ( f i g s .  1, 2). C e l l s  p laced i n  F1-Con A s o l u t i o n  c o n t a i n i n g  

0.05 M a-methyl-D-glucoside, a hapten i n h i b i t o r  o f  Con A b ind ing ,  e x h i b i t  no 

f luorescence. 

t h e  sur face  of t h e  s l ime  mold amoebae and induces r e d i s t r i b u t i o n  o f  these r e -  

cep tors .  

0 

These r e s u l t s  i n d i c a t e  t h a t  Con A b inds  t o  recep to r  s i t e s  on 

The cytochemical  l o c a l i z a t i o n  o f  Con A leads t o  t h e  same conclusions. When 

c e l l s  which have been washed a t  t h e  end o f  t h e  growth p e r i o d  a re  f i r s t  f i x e d  i n  

3% g lu ta ra ldehyde then suspended i n  Con A s o l u t i o n ,  t h e  Con A i s  l o c a l i z e d  u n i -  

f o rm ly  around t h e  pe r iphe ry  o f  each c e l l  ( f i g .  3). Since aldehyde f i x a t i o n  i s  

thought t o  immobi l i ze  Con A recep to r  s i t e s  ( I n b a r  e t  a l . ,  ' 7 3 ) ,  t h i s  r e s u l t  

i n d i c a t e s  t h a t  normal ly  t h e  Con A recep to rs  a r e  randomly d i s t r i b u t e d  over t h e  

su r face  o f  t he  amoebae. I f  t he  amoebae a r e  f i r s t  t r e a t e d  w i t h  Con A f o r  15 min- 

u tes ,  then f i x e d ,  s t a i n i n g  appears a t  one end o f  each c e l l  ( f i g .  4) i n d i c a t i n g  

t h a t  a r e d i s t r i b u t i o n  o f  t h e  recep to rs  has occurred. 

I n  another  s e r i e s  o f  experiments, i ns tead  o f  s u b j e c t i n g  c e l l s  i n  suspension 

t o  Con A, t h e  amoebae were p laced on Con A-conta in ing  agar. 

t h e  agar a f t e r  15 minutes as w e l l  as one hour l a t e r ,  t he  Con A was l o c a l i z e d  as 

a cap, apparen t l y  a t  t h e  t r a i l i n g  end of  these m o t i l e  c e l l s  ( f i g .  5 ) .  

p ing  occurs bo th  i n  c e l l s  i n  suspension and on agar where t h e  c e l l s  a re  m o t i l e ,  

suggest ing t h a t  c e l l  movement i s  n o t  r e q u i r e d  f o r  cap fo rmat ion .  Th is  i s  ana l -  

When removed from 

Thus cap- 
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ogous to  the s i tua t ion  in polymorphonuclear leukocytes (Ryan e t  a l .  , ' 74) .  

The f a t e  of Con A bound t o  the ce l l  surface was studied by incubating c e l l s  

in Con A solution f o r  15 minutes, washing, and then suspending them in sa l ine .  

A t  15 minutes, 30 minutes, 1 hour, 3 hours, and 5 hours, samples were removed fo r  

cytochemical local izat ion of Con A.  

tha t  the majority of c e l l s  had s ta ining in the form of a cap. 

had fewer c e l l s  with caps,  while in the 5 hour sample only an occasional ce l l  

stained fo r  Con A. 

in intracytoplasmic vesicles .  Likewise, c e l l s  kept on Con A agar and sampled a t  

the same times as above showed no Con A in the cytoplasm. 

from the surface takes about 3 t o  5 hours and i s  apparently n o t  due to  endocytosis 

This suggests the poss ib i l i ty  t ha t  the Con A bound t o  the surface i s  l o s t  by the 

shedding of Con A-receptor complexes, a process which occurs t o  some extent i n  

lymphocytes (Aul t e t  a1 . , ' 73).  

Thin sections of the f i r s t  3 samples showed 

The 3 hour sample 

None of the samples showed evidence fo r  the presence of Con A 

Thus the loss  of Con A 

These data provide an in te res t ing  comparison with the r e su l t s  on vertebrate 

c e l l s .  They a l so  show tha t  the Con A-induced increase in phosphodiesterase ac- 

t i v i t y  could not r e su l t  from internal izat ion of the l ec t in  b u t  from some e f f ec t  

FIGURE LEGENDS 

1 Late log phase amoebae t reated w i t h  F1-Con A and photographed under 
phase contrast .  
and 2. X 1,008. 

2 The same c e l l s  shown in f igure 1 as seen by fluorescence microscopy 
about 15 minutes a f t e r  treatment with F1-Con A. The l e t t e r s  indicate  
the same c e l l s  in f igures  1 and 2.  Fluorescence i s  localized as a 
cap on the surface of each c e l l .  X 1,008. 

3 Late l o g  phase amoebae pre-fixed in glutaraldehyde then t reated with 
Con A. Cytochemical method shows Con A d i s t r ibu ted  uniformly on 
the surface.  Unstained section. X 10,250. 
Late log phase amoebae t reated in suspension with Con A fo r  15 minutes, 
then fixed and stained by the cytochemical method. Con A i s  localized 
as  a polar cap. Unstained section. X 7,500. 
Late log phase amoebae exposed fo r  15 minutes to  Con A i n  agar,  then 
fixed and stained by the cytochemical method. Con A i s  localized 
as a polar cap a t  the poster ior  end of the c e l l .  Unstained section. 
X 7,500. 

The l e t t e r s  indicate  the same c e l l s  in f igures  1 

4 

5 

246 





on the cell surface itself. 

if simple binding of the Con A to its receptors is sufficient for enzyme induc- 

From these data it is not possible to determine 

tion or whether capping of the 

suggested (Gillette and Filosa 

ma1 ly produced at aggregation, 

phodiesterase activity at that 

could act by binding to the ce 

tion of its own receptor sites. 

receptors is also involved. We have previously 

'73) that Con A may be mimicking a factor, nor- 

that is responsible for the increase in phos- 

time. 

1 surface and perhaps by causing the redistribu- 

Now we can further suggest that this factor 
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