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Fig. 1. The effect of glucagon and insulin on the number  of secretory 
granules of PC of the mouse duodenmn (means and SEM). The 
counting was made from 600 paneth cells derived equally from 6 
different animals in each group. 100 ~zg of glueagon or 4 IU of 
insulin per mouse was administrated I b before the samples were 
taken. 
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Fig. 2. Distribution of PC as a function of the nmnber  of granules. 
The mean values of the granule counts are nlarked with dotted lines. 

T h e  p r e s e n t  r e s u l t s  s h o w e d  t h a t  t h e  e f f ec t  of  g l u c a g o n  o n  
P C  of  t h e  m o u s e  w a s  q u i t e  s i m i l a r  to  t h a t  of  f a s t i n g  *. 
P r o l o n g e d  f a s t i n g  i n d u c e s  h y p o g l y c a e m i a ,  w h i c h  is  
f o l l owed  b y  a n  i n c r e a s e  of  s e r u m  glucagon14,15.  T h e  
i n h i b i t o r y  e f f ec t  of  f a s t i n g  o n  t h e  s e c r e t i o n  of  t h e  P C  
g r a n u l e s  m a y  t h e r e f o r e  be  m e d i a t e d  t h r o u g h  t h e  a c t i o n  
of  g l u c a g o n .  T h e  s a m e  w o u l d  a l so  be  v a l i d  for  t h e  m e c h -  
a n i s m  of  t h e  e f f ec t  o f  i n s u l i n  o n  PC.  I n s u l i n  i n c r e a s e s  
s e r u m  g l u c a g o n  ~6 a n d  t h e  p r e s e n t  o b s e r v a t i o n s  s h o w e d  
t h a t  i n s u l i n  s l i g h t l y  i n h i b i t e d  t h e  s e c r e t i o n  of  P C ;  
h o w e v e r ,  t h i s  e f f ec t  w a s  n o t  so  s t r o n g  as  t h e  e f f ec t  o f  
g l u c a g o n .  

P r e v i o u s  s t u d i e s  h a v e  s h o w n  t h a t  t h e  s ize  o f  P C  
g r a n u l e s  h a s  i n c r e a s e d  f o l l o w i n g  v a g o t o m y ,  s y m p a t h e c t o -  
m y ,  o r  t h e  t r e a t m e n t  of  t h e  m i c e  w i t h  T ra sy lo l |  2, 5. T h e  
s ize  of  P C  g r a n u l e s  w a s  a lso  s h o w n  to  i n c r e a s e  w i t h  t h e  
age  of m i c e  ~7, is. T h e  p r e s e n t  o b s e r v a t i o n s  s u g g e s t e d  t h a t  
g l u c a g o n  or  i n s u l i n g  d id  n o t  h a v e  a n y  a p p a r e n t  e f f ec t  o n  
t h e  s ize  of  P C  g r a n u l e s .  G l u c a g o n  is a n  i m p o r t a n t  c a t a b o l i c  
h o r m o n e  a n d  m a r k e d l y  i n h i b i t s  t h e  p r o t e i n  s y n t h e s i s  o f  
h e p a t o c y t e s  ~9. I t  a l so  e x e r t s  a m a r k e d  e f f ec t  on  t h e  
c a r b o h y d r a t e ,  l ip id  a n d  p r o t e i n  m e t a b o l i s m  of  l i ve r  cel ls  ~9, 
a n d  m a y  t h e r e f o r e  e x e r t  i t s  a c t i o n  o n  P C  t h r o u g h  m e t a -  
bo l ic  e f fec t s .  

Summary.  T h e  e f f e c t  of  g l u c a g o n  a n d  i n s u l i n  o n  t h e  
p a n e t h  cei ls  (PC) o f  t h e  d u o d e n u m  of  t h e  m o u s e  w a s  
i n v e s t i g a t e d  u s i n g  l i g h t  m i c r o s c o p y .  B o t h  g l u c a g o n  a n d  
i n s u l i n  were  a b l e  to  i n c r e a s e  s i g n i f i c a n t l y  t h e  n u m b e r  o f  
t h e  s e c r e t o r y  g r a n u l e s  of  PC.  T h i s  p o s s i b l y  m e a n s  t h a t  
t h e s e  h o r m o n e s  a re  c a p a b l e  of  i n h i b i t i n g  t h e  s e c r e t i o n  of  
PC.  

A .  A H O N E N  2~ a n d  A. P E N T T I L A  21 

Department o/ Anatomy and 
Department o/Forensic  Medicine, 
University o[ Helsinki, Siltavuorenpenger 20b, 
SF-00170  Helsinki  (Finland), 21 Apr i l  1975. 

14 J .  M. BASSET, Aust. J. biol. Sci. 25, 1277 (1972). 
15 A. CHERRINGTON, M. VRANIC, P.  FONO a n d  N, KOVACEVIC, Can.  

J. Physiol. Pharmac. 50, 946 (1972). 
a6 j .  E. GERICH, J. H. KARAMA and P. H. FORSHttM, J. din. Endocr. 

Metab..37, 479 {1973). 
17 K. KUROS~JMI, Int. Rev. Cytol. 11, 1 (1961). 
la H. M. SELZMAN and R. A. LIEBELT, J. cell Biol. 15, 136 (1962). 
19 I.  WEINSTEIN, H .  A. I~LAUSNER a n d  M, HEIMBERG, B i o c h i m .  

biopbys. Acta 296, 300 (1973). 
2o This work was supported by grants from the Emil Aaltonen Foun- 

dation, Tampere, and 
2t the Sigrid Jus~lius Foundation, Helsinki, Finland. 

R o l e  of  S i a l i c  A c i d  in  the  M a i n t e n a n c e  of  Ce l l  S u r f a c e  R i g i d i t y  

R e c e n t l y ,  a b u n d a n t  i n f o r m a t i o n  h a s  b e e n  a c c u m u l a t e d  
w i t h  r e s p e c t  to  t h e  f u n c t i o n  of  t h e  s ia l ic  a c i d s  a t  cel l  
s u r f a c e  1. I t  is n o w  wel l  k n o w n  t h a t  s ia l ic  a c i d s  f o r m  a n  
i n t e g r a l  c o m p o n e n t  of  t h e  c a r b o h y d r a t e  p r o s t h e t i c  
g r o u p s  of g l y c o p r o t e i n s  2 4 a n d  of  a c i d  m u c i n s  2 of  t h e  cell  
s u r f a c e .  I t  h a s  b e e n  p o s t u l a t e d  t h a t  t h e  p r i m a r y  f u n c t i o n  
of t h e  s ia l ic  a c id  m o l e c u l e  is to  c o n f e r  s t r u c t u r a l  r i g i d i t y  
o n  g l y c o p r o t e i n s  5 of  cel l  m e m b r a n e s .  WEISS ~ h a s  s h o w n  
r e m o v a l  of  s ia l ic  a c i d  r e s i d u e s  f r o m  t h e  s u r f a c e s  of  s a r -  
c o m a  37 cells  i n c r e a s e s  t h e  o v e r a l l  c e l l u l a r  d e f o r m a b i l i t y .  
T h e  i n c r e a s e  in  t h e  d e f o r m a b i l i t y  m a y  v e r y  wel l  be  
e x p l a i n e d  as  t h e  loss  of  r i g i d i t y  of  t h e  cell  m e m b r a n e  in  
a b s e n c e  of s ia l ic  ac id .  H o w e v e r ,  no  a t t e m p t  h a s  b e e n  

m a d e  so  f a r  t o  d e m o n s t r a t e  t h e  loss  of  t h e  r i g i d i t y  of  t h e  
cell  m e m b r a n e  in  a b s e n c e  of  s ia l ic  a c id  a n d  t h e  s u b s e q u e n t  
f a t e  of  t h e s e  cells.  

T h e  p r e s e n c e  of  s ia l ic  a c i d  in  t h e  cell  m e m b r a n e  o f  a 
l a rge  f ree  l i v i n g  p r o t o z o a ,  Amoeba, h a s  r e c e n t l y  b e e n  
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Control amoeba (A); Amoeba treated with 25 units of VCN (/3, 15 rain; C, 60 min); Amoeba treated with 50 units of VCN (D, 2-3 Inin; 
E, 15 min, and F, 60 rain). Magnifications: Figures A-D • E-F • 

suggested by  us 7. While  working in such a sys tem,  we 
have  observed t h a t  the  r ig id i ty  of the  cell surface s t ruc-  
ture  is lost  followed by  lysis of the  cell body  of Amoeba 
when  sialie acid residues are r emoved  f rom the  cell mem-  
b rane  w i t h  Vibrio cholerae neuramin idase  (VCN). This  
enzyme specifically l ibera ted  the  t e rmina l  sialic acid 
molecules f rom the  cell m e m b r a n e  s t ruc tu re  s af ter  cleaving 
the  2-3, 2-6, and  2-8 e-glucosidic l inkages be tween  the  
sialic acid and  ca rbohydra t e  of the  cell m e m b r a n e  s t ruc-  
ture  9. 

VCN was ob ta ined  f rom Behr ingwerke  A.G., Marburg,  
Lahn,  Wes t e rn  Germany .  This  p repa ra t ion  conta ins  500 
uni ts  of enzyme /ml  (1 uni t  of enzyme  ac t iv i ty  has been  
descr ibed b y  the  manufac tu re r  as being equiva len t  to the  
release of 1 [xg of N-ace ty l  neuramin ic  acid f rom a glyco- 
pro te in  subs t r a t e  a t  37~ in 15 min  at  p H  5.5). This  
enzyme p repa ra t ion  is declared to  be free of prote inases ,  
aldolases and  leci thinase C act iv i ty .  I t  l iberates  sialic 
acid f rom the  cell surface 10 and  its ac t iv i ty  can be inh ib i ted  
in the  presence of the  specific feed back  inhib i tor  of t he  
enzyme i.e., N-acety l  neuramin ic  acid 11. 

Amoeba proteus cul tured  12 at  room t e m p e r a t u r e  (23 + 
1~ were incuba ted  (37~ 20 min) w i th  VCN (25-50 
uni t s  of VCN/50 amoeba/0.1  ml} in amoeba  m e d i u m  
(0.036 m M  CaHPO~, 0.08 m M  KC1 and  0.033 m M  MgSO,,  
p H  6.8). Sham t r ea t ed  cells were also ma in t a ined  in 
indent ica l  condi t ions .  A t  the  end of the  incuba t ion  the  
cells were washed  wi th  amoeba  med ium and placed in a 
depress ion slide. Then  b o t h  t r e a t ed  and  s h a m  t r ea t ed  
controls  were mon i to red  wi th  a l ight  microscope at  
var ious  in tervals  of t ime.  

Cells t r ea t ed  wi th  VCN take  a spherical  shape  imme-  
d ia te ly  af ter  the  t r e a t m e n t .  Most  of the  cells t r ea t ed  wi th  
25 uni ts  of VCN regain the i r  character is t ic  normal  appear -  
ance ap p ro x i ma t e l y  af ter  15 rain (Figure B). By  60 rain 
t h e y  look like the  normal  amoeba  (Figure C). However ,  
cells which  were t r ea t ed  wi th  50 uni ts  of VCN can- 
no t  ma i n t a i n  the  r ig id i ty  of the  surface s t ruc ture .  
Wi th in  2-3 min af ter  the  VCN t r ea tmen t ,  these  cells 
show localized pro t rus ion  of the  cy toplasmic  mass  
(Figure D). A t  a la ter  per iod a grea ter  mass  of cy top la sm 
is ex t ru d ed  outside,  leaving beh ind  the  ghost  m e m b r a n e  
(Figure E). A typica l  view af ter  60 min  shows absence of 
the  rigid m e m b r a n e  s t rucu t re  (Figure F). Cell burs t ing  
takes  place followed by  l ibera t ion of the  cy top lasmic  
granules in single and  co mp ac t  masses.  I t  appears  t h a t  the  
in tegr i ty  of the  m e m b r a n e  s t ruc ture  is lost, fol lowed by  
the  to ta l  dissolut ion of the  cell b o d y  of amoeba.  The 
score is more  t h a n  98% for the  VCN t rea ted  cells, while 
the  contro l  amoebae,  o therwise  ma in t a ined  in t h e  same 
condit ions,  do no t  show any  such effect. These effects 
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were quan t i t a t i ve ly  reproducible .  Lower  concen t ra t ions  
of VCN are ineffective,  pe rhaps  because of the i r  inabi l i ty  
to release the  o p t i m u m  a m o u n t  of sialic acid to br ing 
abou t  cellular deformabil iy .  Thus  i t  appears  t h a t  the  
observed effect  as depic ted  in the  Figure is due to the  ac- 
t ion of VCN on the  cell m e m b r a n e  s t ruc ture  of amoebae.  

The exac t  mechan i sm as to  how VCN leads to the  
d is in tegra t ion  of the  m e m b r a n e  s t ruc tu re  followed by  the  
lysis of the  cell b o d y  of amoeba  is no t  known.  Remova l  of 
sialic acid migh t  be associated wi th  the  loss of the  r igidi ty  
of the  cell m e m b r a n e  s t ruc tu res  leading to  deformat ion6 
of the  surface s t ruc tu re  of t he  cell. These  p h e n o m e n a  
migh t  change the  modes  of normal  t r a n s p o r t  across cell 
m e m b r a n e s  13-15, thus  crea t ing  an imbalance  in the  
osmotic  po ten t ia l  inside and outside the  membrane .  In  
th is  s i tuat ion,  a t  some points ,  any  two pa r t s  of the  mem-  
brane  s t ruc ture  m a y  fall apa r t  leading to the  consequence  
detai led above.  

I t  m igh t  be re levant  to po in t  out  t h a t  th is  could be an 
isolated example  of the  observed  effects because of the  
unique  surface conf igura t ion  of amoeba.  In  the  case of 
m a m m a l i a n  cells, this  kind of s i tua t ion  is no t  normal ly  

observed in vi t ro ,  even if incuba t ion  is ex t en d ed  for 
longer periods and  higher  concen t ra t ions  of VCN are 
used 10,11 

Summary .  Remo v a l  of cell surface sialic acid wi th  
neuramin idase  br ings  abou t  cell de fo rma t ion  in amoeba.  
The m e m b r a n e s  of these  de fo rmed  cells are even tua l ly  
r u p t u r ed  leading to the  l iberat ion of the  cell mass. 
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T w o  Types  of Bipolar  Cells in the Chick Retinal  

Bipolar  cells comprise  the  bulk of the  inner  nuclear  
layer  o f  the  ret ina.  These ceils are i m p o r t a n t  inter-  
media tes  of the  re t inal  p a t h w a y s  because t h e y  form 
synap t ic  contac ts  w i th  b o t h  pho to recep to r  terminals ,  
processes of amacr ine  cells and ganglion cells 2-5. Ex tens ive  
s tudies  by  RAM6N u CAJAL 6-s indicated tha t ,  for example  
in the  chicken, there  are 2 types  of bipolar  cells. However ,  
there  appears  to be li t t le exis t ing da ta  on when  these  two 
types  of bipolar  cells arise and wha t  the i r  morphological  

D e v e l o p m e n t  1 

character is t ics  are. This s t u d y  is an a t t e m p t  to  shed  
some ins ight  on th is  problem.  

Mater ials  and method. Fert i le  whi te  leghorn chicken 
eggs were incuba ted  in s t an d a rd  condi t ions  and  s taged  
according to HAMBURGER and  HAMILTON ~ Chick em- 
bryonic  eyes f rom stages 36 to ha t ch ing  were t aken  out  
and bisected into halves.  Then the  pos ter ior  halves  were 
pref ixed  wi th  6% buffered g lu ta ra ldehyde  and pos t f ixed  
wi th  1% buffered  osmium te t roxide ,  d e h y d r a t e d  in 
e thanol ,  cleared in p ropylene  oxide and  e m b e d d e d  in 
Epon.  Sections were cut  wi th  a P o r t e r - B l u m  MT 2 
mic ro tome  and  s ta ined wi th  uranyl  ace ta te  and  lead 
ci t rate ,  and then  examined  wi th  a Zeiss EM 9S2 electron-  
microscope.  

Results. Bipolar  cells canno t  be d is t inguished  unt i l  
s tage 36 when  b o t h  p lexi form layers are fo rmed and the  
p re sumpt ive  bipolar  nuclei become dis t inguishable  by  
the i r  ellipsoidal shape.  The cy top la sm of these  cells a t  
s tage 36 have  a few mi tochondr ia ,  some rough endo-  
p lasmic  re t icu lum and few r ibosomes.  Some bipolar  cells 
of ten lie close toge the r  resembl ing a t e lophase  p h en ome-  
non, indica t ing  t h a t  t h e y  have  jus t  comple ted  a mi to t ic  
division. At  s tage 40, dendr i t ic  pro jec t ions  can be seen 
arizing f rom the  bipolar  cell bodies towards  t he  outer  
p lexi form layer  (Figure 1) and  at  th is  t ime  2 types  of 
bipolar  cells can be dis t inguished.  The u l t ras t ruc tura l  
detai ls  of these  2 types  of bipolars  are out l ined in t h e  

Fig. 1. Type I and II bipolar cells are distinguished at stage 40 of 
chick embryonic retina. Note a centriole (Ce) in one of the type If 
cells and external projections (arrows) in the other. • 28,800. 
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