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A g g l u t i n i n s  of  F r o g  E g g s :  a N e w  C l a s s  of  P r o t e i n s  

There  is growing ev idence  t h a t  cancer  cells are  a b e r r a n t  
in  cell surface s t r u c t u r e  a n d  func t i on  (see for a rev iew 1 
a n d  3). The  agg lu t i nab i l i t y  of cells b y  lec t ins  ha s  been  
h y p o t h e s i z e d  as be ing  re l a t ed  to  r egu la to ry  m e c h a n i s m s  
of t h e  cell cycle a n d  p ro l i f e ra t ion  3, a l t h o u g h  t h e  molecu la r  
bas is  has  no t  b e e n  conclus ive ly  decided.  

The  a l t e red  r e a c t i v i t y  of m a l i g n a n t  cell surfaces ha s  
no t  on ly  b e e n  d e m o n s t r a t e d  b y  p h y t o h e m a g g l u t i n i n ,  
b u t  also b y  a c e r t a i n  i n v e r t e b r a t e  p r o t e i n  S, as well  as b y  
an t ibod ie s  aga ins t  some glycol ipids 4. T he  e n h a n c e d  
r e a c t i v i t y  of ceils b y  these  r eagen t s  is n o t  on ly  obse rved  
in  t r a n s f o r m e d  cells, b u t  also in  fe ta l  cells 5, s. The  p r e sen t  
p a p e r  r epo r t s  our  r ecen t  o b s e r v a t i o n  t h a t  some p ro t e ins  
re leased f rom eggs of some frog species showed  a dis- 
t i n c t i v e  p re fe ren t i a l  a g g l u t i n a t i o n  of va r ious  t u m o r  cells. 
The  t u m o r - d i s t i n c t i v e  a g g l u t i n a t i o n  caused b y  frog egg 
agg lu t in in  was i n h i b i t e d  b y  a new t y p e  of g lucosamine-  
c o n t a i n i n g  ganglioside of h u m a n  e ry th rocy tes .  I n h i b i t i o n  
b y  va r ious  monosaccha r ides  is so far  unsuccessful .  

Agglu t in ins  f rom eggs of Rana japonica Guen the r ,  
Rana nigromaculata nigromaculata Hallowell, a n d  o the r  
frogs, as l i s ted  ill Tab le  I, were p r e p a r e d  f rom 
homogen i z ing  eggs w i t h  10 vo lumes  of 0 .85% sod ium 
chlor ide  for 10 ra in  in  a W a r i n g  b l ende r  followed b y  
cen t r i f uga t i on  a t  10,000 r p m  for 60 rain.  A b u l k y  pre-  
c ip i t a te  occur r ing  on  dia lysis  of t he  s n p e r n a t a n t  f luid in  
dis t i l led w a t e r  was  cent r i fuged,  a n d  t he  wa te r -c lea r  
s u p e r n a t a n t  was  lyophi l ized  (Stage  1). T he  dr ied  res idue  
was added  w i t h  100 vo lumes  of d is t i l led  w a t e r ;  some 
insoluble  p rec ip i t a t e  was r e m o v e d  b y  cen t r i fuga t ion ,  a n d  
t h e  s u p e r n a t a n t  was  added  w i t h  e t h a n o l  up  to  20 % u n d e r  
s t i r r ing.  The  non -p rec ip i t ab l e  p a r t  was  c o n c e n t r a t e d  and  
lyophi l ized  to  yield a f luffy p o w d e r  (450 nag f rom 250 g 
of eggs, S tage  2). A g g l u t i n a t i o n  a c t i v i t y  was found  
exclus ive ly  in  th i s  f ract ion.  The  ac t ive  f r ac t ion  was 
f u r t h e r  s epa ra t ed  b y  c h r o m a t o g r a p h y  on  a co lumn  of 
S e p h a d e x  G-75 (Pha rmac ia ,  Uppsa la ,  Sweden)  w i t h  
m o n i t o r i n g  e f f luen t  b y  u l t r av i o l e t  scanning ,  The  agglu-  
t i n a t i n g  a c t i v i t y  was found  only  in p e a k  I I I .  

Cell suspens ions  (0.1 ml) were i n c u b a t e d  w i t h  0.1 ml  
of agg lu t in in  so lu t ion  t h a t  c o n t a i n e d  v a r y i n g  concen t ra -  
t ions  (1 [xg to  100 ~g/0.1 ml), a n d  i n c u b a t e d  a t  r o o m  
t e m p e r a t u r e  w i t h  occas ional  shaking .  Al t e rna t ive ly ,  t he  
cell suspens ion  was mixed  w i t h  agg lu t in in  so lu t ion  on  a 
glass p la te ,  a n d  t h e  a g g l u t i n a t i o n  was obse rved  u n d e r  
i l l u m i n a t e d  l igh t  aga ins t  a d a r k  backg r ound .  Fo r  inh ib i -  
t i on  of agg lu t ina t ion ,  a l iquo ts  of agg lu t in in  so lu t ion  
(10-20 ~g/0.05 ml) were i n c u b a t e d  f i rs t  w i t h  0.05 ml  of 
p h o s p h a t e - b u f f e r e d  sal ine so lu t ion  t h a t  con t a ined  v a r y i n g  

C a u s i n g  P r e f e r e n t i a l  A g g l u t i n a t i o n  of  T u m o r  C e l l s  

concen t r a t i ons  of sugars  or gangliosides.  F i n a l  sugar  
c o n c e n t r a t i o n  was 0.1 M.  

As shown  in Tab le  I, on ly  eggs of Rana japonica 
G u e n t h e r  a n d  of Rana nigromaculata nigromaculata 
I-tallowell showed  a d i s t i nc t ive  a g g l u t i n a t i o n  cha rac t e r -  
is t ic  for asci tes  h e p a t o m a  cells or t r a n s f o r m e d  cell in vi t ro .  
The  Rana japonica agg lu t in ins  h a d  no  effect  on  e ry th ro -  
cytes  of h u m a n s  a n d  r a t s  a n d  h a d  m u c h  less effect  on  
n o n - t r a n s f o r m e d  n o r m a l  cu l tu red  cells. The  Rana 
nigromaculata nigromaculata a g g l u t i n i n  showed  effects 
on t u m o r  cells and  on  b lood  group  A e r y t h r o e y t e s  b u t  h a d  
no  effect  on  e r y t h r o e y t e s  w i t h  o the r  b lood  types .  The  
agg lu t in ins  of Rana tigrina tigrina a n d  of Rana rugosa 
showed ' p a n a g g l u t i n a t i o n '  of va r ious  e r y t h r o c y t e s  b u t  
h a d  no  effect  on. t u m o r  cells, whereas  t he  agg lu t in in  of 
Rana catesbiana pre fe ren t i a l ly  a g g l u t i n a t e d  b lood  group  A 
e ry th rocy tes .  Never the less ,  t h i s  A-like a g g l u t i n a t i o n  
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Table II. Agglutinability of various cells to the agglutinin of Rana 
japonica Guenther 

Agglutinability expressed by the minimum amount of purified 
agglutinin in ~zg (Stage III) to cause obvious agglutination (per ml) 

Ascites hepatoma cells (AH109A) ~ 1-2 
Ascites hepatoma cells (AH130) ~ 2-5 
Polyoma-transformed NIL cells b 5-10 
Polyoma-transformed BHK cells b 5-10 
SV40 virus-transformed 3T3 cells 2-5 
Rat erythrocytes > 2000 
Human erythrocytes > 2000 
Normal NIL cells 500 
Normal BHK ceils 250 
Normal 3T3 cells 1000 

Cells prepared in the same way as footnote to Table I. b Liberated 
from cultured flasks by 0.1% EDTA, washed and suspended in 
phosphate-buffered saline pH 7.2; cell number 106/0.2 ml. 

Table I. Distribution and reactivities of agglutinins in eggs of various frogs 

Tumor cells b Erythroeytes of blood type 

A B 0 

Rana japonica Guenther 
Rana nigromaculata nigromaculata Hallowell 
Rana tigrina tigrina Daudin 
Rana catesbiana Shaw 
Rana rugosa Shlegel 
Bulo vulgaris ]ormosus Boulenger 
Hfla arbores japonica Guenther 

@ - -  __ __  

+ + -- _ 
-- + + + 
_ _L __  _ _  
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Comparative agglutination tested with a crude preparation at 'Stage 2'. b Ascites hepatoma cells (AH109A) grown in Donryu rats, washed 
and suspended in phosphate-buffered saline pH 7.5: concentration adjusted as 10s/0.1 ml, 
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Table III. Inhibition of frog egg aggIutinin by monosaccharides, oligosaceharides and glycolipids 
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Minimum amount of inhibitor (in ~xmole) to inhibit bemagglutination caused by 50 ~xg of Rana/aponica agglutinin 

~mole per 0.1 ml 

D-Gle; D-Gal; D-Mann; n-Xyl; L-Fun; L-Arab; n-GlcNAc; D-GalNAc; 
N-acetylneuramiilic acid; lactose; melibiose; globoside 
Erythroeyte ganglioside ~ 
Desialylated erythrocyte ganglioside 
Ovomueoid; bovine albumin; egg albumin 

All these sugars and glycolipids do not inhibit even at 10-20 ~xg 

1 
3-5 
Do not inhibit even at 50 Dg 

A gift from Professor S. HAKOMORI; structure and properties, see ~, s. 

was no t  i n h i b i t e d  b y  N-ace ty lga l ac tosamine ,  wh ich  will be  
descr ibed  ill de ta i l  elsewhere.  N o r m a l  cu l tu red  ceils showed 
some a g g l u t i n a t i o n  b y  as m u c h  as 250-1000 ~g of t he  
agg lu t in in ,  whereas  t h e  t r a n s f o r n l e d  c o u n t e r p a r t  was 
a g g l u t i n a t e d  b y  as l i t t l e  as 5-10 ~g of t he  agg lu t in in  
(Table  II) .  

I n h i b i t i o n  of t u m o r  cell a g g l u t i n a t i o n  b y  s imple  
monosaccha r ides  or b y  o l igosacchar ides  h a v e  been  
unsuccessful  so far  (see Tab le  I I I ) ,  This  is in  r a t h e r  
s t r i k ing  c o n t r a s t  to  t he  fac t  t h a t  a n u m b e r  of agg lu t ina -  
t ions  caused  b y  p l a n t  agg lu t in ins  were  i n h i b i t e d  b y  s imple  
sugars.  H e m a g g l u t i n a t i o n  caused  b y  a n t i - c a r b o h y d r a t e  
an t ibod ie s  is, however ,  d i f f icul t  to  i n h i b i t  b y  s imple  
sugars  or ol igosacchar ides .  I t  m a y  be  t h a t  t he  frog egg 
a g g l u t i n i n  differs  f rom lec t ins  b u t  r a t h e r  resembles  t h e  
a n t i b o d i e s  d i rec ted  to  c a r bohyd r a t e s .  I t  is n o t e w o r t h y  
t h a t  a gangl ios ide  f r ac t ion  of h u m a n  e r y t h r o c y t e  m e m -  
b r a n e  7, 8 was  capab l e  of i n h i b i t i n g  t h e  agg lu t ina t ion .  

I n  p r e l i m i n a r y  ana lys i s  of t h e  agg lu t in in  f rac t ion,  all  
p ro t e in s  showed  ca thod ic  m i g r a t i o n  on  cellulose ace t a t e  
e lec t rophores i s  a t  va r ious  p H  %, inc lud ing  p H  9, i n d i c a t i n g  
t h a t  t i le  agg lu t in in  seems to be  e lass idied as a bas ic  
p r o t e i n  or proteinsS.  

Zusammen/assung. Nachweis ,  dass  der  Auszug  e iner  
bas i schen  E iwe i s s f r ak t ion  aus  EierI1 ve r sch iedene r  
F r o s c h a r t e n  (Rana /aponica Guen the r ,  Rana nigro- 
maculata nigromaculata Hallowell)  m i t  i so tonischer  
SalzlSsung bei  d i v e r s e n  Tumorze l l en  zu besonde re r  
A g g l u t i n a t i o n  ffihrt ,  w~ihrend diese W i r k u n g  auf  t r a n s -  
formier te ,  no rma le  Zellen oder  E r y t h r o z y t e n  ausb le ib t .  
Mi t  Gangl ios iden  mensch l i che r  E r y t h r o z y t e n  k o n n t e  die 
A g g l u t i n a t i o n  g e h e m m t  werden,  n i c h t  abe r  m i t  den  b i she r  
geprfif tel l  Zuckern .  
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Ultrastructure of Cytoplasmic Hemosiderin Inclusion Bodies in Malignant Phagocytic Lymphocytes 

D u r i n g  15 years  of r o u t i n e  obse rva t ions  on va r i ous  
l y m p h o m a - l e u k e m i a  group  b lood samples ,  a p a t i e n t  in  
w h o m  cy top la smic  i r o n - c o n t a i n i n g  inc lus ions  could be  
de t ec t ed  in a b o u t  20% of t he  p e r i p h e r a l  l y m p h o i d  cells, 
was  found  for  t he  f i rs t  t ime.  An  ear l ier  s t u d y  of KozEwsI~I 
in  19551 on t he  s to rage  of hem os i de r i n  in  n o r m a l  l y m p h o -  
cytes  a n d  m o n o c y t e s  of a n e m i c  p a t i e n t s  suffer ing f rom 
s p o n t a n e o u s  h e m o c h r o m a t o s i s  led us to  s t u d y  s imi la r  
inclus ions  in m a l i g n a n t  l y m p h o i d  cells. An  u l t r a s t r u c t u r a l  
ana lys i s  of p rev ious ly  u n s t u d i e d  inc lus ion  m a t e r i a l  was 
also car r ied  out .  

W h o l e  b lood  f rom p a t i e n t s  d i agnosed  as h a v i n g  chronic  
l y m p h a t i c  l eukemia  a n d  l y m p h o s a r c o m a  was  processed 
for cy tochemica l  and  e lec t ron  microscopic  obse rva t ions .  
Severa l  s t a in ing  p rocedures  emp loyed  inc luded  reac t ions  
for phospho l ip ids  2, a lka l ine  p h o s p h a t a s e  ~ a n d  hemo-  
s ider in  *. To lu id in  blue, Nile blue, po lysacha r ides  and  
luxol  f a s t  b lue  5 were employed .  S e r u m  ana lys i s  revea led  
l ow-norma l  levels of f e r r u m - c o n t e n t  (68 7%)  a n d  fe r rum-  
b i n d i n g  capac i t y  (292 7%) .  Bone  m a r r o w  a s p i r a t i o n  a n d  
bone  m a r r o w  b iopsy  showed  t he  p resence  of myelo t ib ros i s  
and  aplas ia .  No signs of h e m o c h r o m a t o s i s  were found  in 
l iver  and  bone  m a r r o w  biopsy.  

E l e c t r o n  mic roscopy  was car r ied  ou t  on  u n s t a i n e d  a n d  
double  s t a ined  (u rany l  ace t a t e  a n d  lead c i t ra te)  sect ions  a t  
d i f fe ren t  magn i f i ca t ions  f rom 2,000 to  50,000 w i t h  t i le 
J e m  T7 a n d  E-200 Ph i l ips  e lec t ron  microscopes  ~-1~ 

R o u t i n e  obse rva t i ons  of pe r iphe ra l  b lood smears  
( s ta ined  w i t h  MGG) revea led  t h e  p resence  of basoph i l i c  
cy top l a smic  inclus ion bodies  in  a b o u t  20 % of t he  l y m p h o i d  
cells t h a t  compr i sed  85% of t he  p e r i p h e r a l  l eukocytes  
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