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to  c r y o s t a t  sec t ions  seemed more  su i t ab l e  for  t he  d e m o n -  
s t r a t i o n  of t he  A C h E  r eac t i on  in  cells such  as g lomus  
ceils, w h i c h  also e x h i b i t  c a t e c h o l a m i n e  f luorescence.  
The  presence  of A C h E  r eac t i on  in t he  f luorescen t  g lomus  
cells is in  a g r e e m e n t  w i t h  t h e  concep t  t h a t  these  cells 
be long  to  t h e  A P U D  cells 8. T he  p r e s en t  o b s e r v a t i o n s  are  
also in a g r e e m e n t  w i t h  t h e  e lec t ron-microscopica l  f ind ings  
of P a p k a  ~ on  t he  loca l iza t ion  of t he  A C h E  in t he  g lomus  
bodies  of r a b b i t  h e a r t .  I n  his  s t u d y  t he  A C h E  was  
local ized in t he  g lomus  cell pe r inuc lea r  c is ternae ,  g lomus  
cell endop lasmic  r e t i cu lum,  g lomus  cell m e m b r a n e ,  a t  t h e  
a x o l e m m a  of u n m y e l i n a t e d  axons  and  a r o u n d  t he  s y n a p t i c  
t e r m i n a l s  to  t he  g lomus  ceils. T he  presence  of A C h E  in 
c a t e c h o l a m i n e - c o n t a i n i n g  g lomus  cells c an  be  exp la ined  
in m a n y  ways  7. However ,  t h i s  f ind ing  a n d  t h e  o b s e r v a t i o n  
of Ba l l a rd  a n d  Jones  s on  t h e  presence  of chol ine  ace ty l  
t r an s f e r a se  in g lomus  cells of c a t  ca ro t id  b o d y  and  t h e  
f ind ing  of F idone  e t  al. 9 on  t he  u p t a k e  of a l l -chol ine  b y  
t h e  g lomus  ceils s u p p o r t  t he  presence  of ac t ive  ace ty l -  
chol ine  m e t a b o l i s m  in t h e  g lomus  cells. Ace ty lcho l ine  
m i g h t  be  s y n t h e t i z e d  a n d  s to red  in t h e  g lomus  cells a n d  
d i scha rged  f rom t h e  cells, to  h a v e  a n  e x c i t a t o r y  ac t ion  
on  t h e  c h e m o n s e n s o r y  ne rve  ending.  However ,  a l t h o u g h  
ace ty l cho l ine  does exc i te  t he  c h e m o n s e n s o r y  n e r v e  ending,  

t he  c h e m o n s e n s o r y  n e r v e  e n d i n g  i tself  m o s t  is p r o b a b l y  
n o t  chol inergic  because  impul ses  p roduced  w i th  phys io -  
logical s t imul i  a re  no t  abo l i shed  b y  the  ac t ion  of chol in-  
ergic b lock ing  agen t s  1~ The  ca ro t id  b o d y  c o n t a i n s  large 
q u a n t i t i e s  of d o p a m i n e  a i ld  n o r a d r e n a l i n e  n .  T h e  effect  
of ca techo lamines ,  especial ly  t h a t  of dopamine ,  on  t h e  
c h e m o n s e n s o r y  dr ive  is i n h i b i t i v e  in  n a t u r e  1~. 
The  def in i te  p resence  of b o t h  ca t echo l amines  and  ace ty l -  
cho l ines te rase  a c t i v i t y  in  t he  same  g lomus  ( type I) cells 
of ca ro t id  body ,  as d e m o n s t r a t e d  in t h i s  s tudy ,  leads us  
to  sugges t  t h a t  t he  g lomus  cells m i g h t  s tore  b o t h  e x c i t a t o r y  
a n d  i n h i b i t o r y  (modula t ing)  t r a n s m i t t e r s  wh ich  do in-  
f luence t he  c h e m o s e n s o r y  n e r v e  ending.  

6 A . G . E .  Pearse, J. M. Polak, F. W. D. Rost, J. Fontaine, 
C. LeLievre and N. Le Dourain, Histochemie 34, 191 (1973). 

7 R.E.  Papka, Cell Tissue Res. 762, 185 (1975). 
8 K . J .  Ballard and J. V. Jones, J. Physiol. 227, 87 (1972). 
9 S.J .  Fidone, S. Weintraub and W. Stavinoha, in: International 

workshop on function and functional significance of the carotid 
body. Dortmund 1976. 

10 C. Eyzaquirre and P. Zapata, J. Physiol. 795, 557 (1968). 
11 S. Hellstr6m, Umeh Univ. med. Diss. [n.s.] 4 (thesis 1975). 
12 P. Zapata, J.  Physiol. 244, 235 (1975). 

Particle aggregates in plasma and intracellular membranes  of toad bladder (granular cell)x 

t~ab ienne  H u m b e r t ,  R.  Montesano ,  A lda  Grosso ~, R.  C. de  Sousa  ~ a n d  L. Orci  ~ 

Institute o/Histology and Embryology, and Departments of Physiology and Medicine, 
University of Geneva Medical School, CH-7277 Gen~ve 4 (Switzerland), 12 July  7977 

Summary. Freeze - f r ac tu re  of g r a n u l a r  cells of t o a d  u r i n a r y  b l adde r  (Bu/o marinus) revea ls  t h e  presence,  h i t h e r t o  un -  
descr ibed,  of i n t r a m e m b r a n o u s  par t ic le  aggrega tes  in  i n t r a c y t o p l a s m i c  s t r u c t u r e s  ( tubules ,  vacuoles  a n d  vesicles) 
b o t h  in res t ing  and  v a s o p r e s s i n - s t i m u l a t e d  epi thel ia .  

A m p h i b i a n  b l adde r s  h a v e  long  been  used as p r iv i l eged  
mode ls  for s t u d y i n g  w a t e r  p e r m e a b i l i t y  in t i g h t  ep i the l i a  
a n d  i ts  m o d u l a t i o n  b y  n e u r o h y p o p h y s e a l  hormones .  Con- 
v e r g e n t  ev idence  f rom t r a n s m i s s i o n  4 a n d  s cann ing  elec- 
t r o n  mic roscopy  s ind ica tes  t h a t  t he re  is cel lular  speci f ic i ty  
for  t h e  h y d r o s m o t i c  effect  of vasopress in ,  t h e  ap ica l  m e m -  
b r a n e  of t he  g r a n u l a r  cells be ing  t he  p r i m a r y  t a r g e t  of t h e  
ho rmone .  Moreover ,  cell organel les  such  as lysosomal  
g ranu les  a n d  the i r  a t t e n d a n t  enzym es  s, m i c r o t u b u l e s  a n d  
mic ro f i l amen t s  v-l~ a n d  p h e n o m e n a  such  as exocytos is  11, 
p inocy tos i s  1. a n d  changes  in m e m b r a n e  f lu id i ty  la a p p e a r  
to  be  assoc ia ted  w i t h  t h e  increase  in p e r m e a b i l i t y  to  
wate r .  
Recen t ly ,  cha rac t e r i s t i c  o r gan i za t i ona l  p a t t e r n s  of m e m -  
b r a n e  pa r t i c les  in  d i f f e ren t  cell t ypes  of t o a d  b l a d d e r  were  
r evea led  b y  the  f reeze- f rac ture  t e c h n i q u e  14-18 In  add i t ion ,  
consp icuous  aggrega tes  of par t ic les  were seen in frog 17, is 
a n d  t o a d  b l adde r s  19-** cha l l enged  w i t h  oxy toc in  or vaso-  
press in .  So far, these  morpho log ica l  a l t e r a t i ons  h a v e  on ly  
been  f o u n d  in t he  P a n d  E f r ac tu re  faces ~8 of  t h e  ap ica l  
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m e m b r a n e  of t he  granular  cell. W e  repor t  here  t h a t  gran-  
ular  cells of b o t h  res t ing  and  vasopress in - s t imula ted  toad  
b ladders  con ta in  a popu la t i on  of m e m b r a n e - b o u n d e d  
c o m p a r t m e n t s  (tubules,  vacuoles  and  vesicles), t he  l imit-  
fng m e m b r a n e s  of which  disclose the  same p a t t e r n  of 
i n t r a m e m b r a n o u s  par t ic le  aggregates  prev ious ly  descr ibed 
in the  lumena l  p l a sma  m e m b r a n e  of b ladders  exposed  to  
vasopress in .  

Materials and methods. Toads  (Bufo mavinus) were ob- 
t a ined  f rom 1Viogul-Ed Co., Oshkosh,  Wisconsin ,  USA,  and  
k e p t  ill a t e r r a r ium a t  22 4- 2 ~ wi th  free access to  water .  
The excised u r ina ry  b ladders  were m o u n t e d  as sacs or as 
d i aph ragms  be tween  glass hemi -chambers .  The m o u n t i n g  
procedure ,  t he  compos i t ion  of t he  Ringer  solut ions and  
the  m e t h o d  used for recording wa te r  f low have  been  de- 
scr ibed elsewhere ~, 14. 

Figures 1 and 2. Freeze-fracture preparations o1 the lumenal plasma membrane of vasopressin-stinmlated granular cells. Fig. 1. The proto- 
plasmic or P face (P) contains 2 large aggregates composed of parallel arrays of tightly packed intramembranous particles (arrows). L, Lumen 
of the bladder. • 92,000. Fig.2. The exoplasmic or E-face (E) discloses a pattern of linear depressions (arrows). L, Lumen of the bladder. 
• 82,000. 

Figures 3-5. Freeze-fracture replicas of vasopressin-stimulated toad bladders. 
Fig. 3. The fracture plane has exposed the plasma membrane and the cytoplasm of a granular cell. In the cytoplasm, an area containing 
3 tubutar profiles is outlined by a rectangle and shown at higher magnification in figure 4. EL, Exoplasmic face of the lumenal membrane. 
PB, Protoplasmic face of the basal membrane. G, Granules. • 32,000. 
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Tissues  were f ixed w i t h  a 2% g l u t a r a l d e h y d e  so lu t ion  
c o n t a i n i n g  0.1 M p h o s p h a t e  or  cacody la t e  buffer .  Smal l  
pieces of e p i t h e l i u m  were  soaked in a p h o s p h a t e  - or 
cacody la t e  - bu f fe red  30% glycerol  solut ion,  t h e n  freeze- 
f rac tu red  in a t3alzers B A F  301 u n i t  ~4. F reeze - f r ac tu re  
repl icas  depos i t ed  on  coa t ed  copper  gr ids  were e x a m i n e d  
in  a Phi l l ips  E M  300 e lec t ron  microscope.  
Results and discussion. I n  f reeze- f rac ture  repl icas  of con-  
t ro l  t o a d  u r i n a r y  b ladders ,  t h e  l umena l  m e m b r a n e  of un-  
s t i m u l a t e d  g r a n u l a r  cells exh ib i t s  the  d i s t inc t ive  organiza-  
t i on  p rev ious ly  descr ibed  14,15 i.e. a h igh  dens i t y  of large 
i n t r a m e m b r a n o u s  par t ic les  on  t he  E face, wh i l s t  t h e  P 
face ha s  fewer a n d  smal le r  par t ic les .  I n  vasopress in -  
s t i m u l a t e d  g r a n u l a r  cells, t h e  l u m e n a l  m e m b r a n e  is deco- 
r a t e d  w i t h  aggrega tes  of l inea r ly  packed  i n t r a m e m b r a n o u s  
par t ic les  on t h e  P face (figure 1), m a t c h e d  b y  para l le l  
l inear  depress ions  on  t h e  E face (figure 2). These  l a t t e r  
f indings  con f i rm  ear l ier  r epo r t s  on  oxy toc in -  iv, is or vaso-  

p res s in - induced  19-22 s t r u c t u r a l  changes  in a m p h i b i a n  
b l a d d e r  l u m e n a l  m e m b r a n e .  To assure  t h a t  b l adde r s  ex- 
posed  to  vasopress in  were  indeed  respons ive  to  t h e  hor -  
mone,  t h e  t r ansep i the ! i a l  h y d r o s m o t i c  f low was con t inu -  
ous ly  m o n i t o r e d  w i t h  a n  op t ica l  t e c h n i q u e  5 pr io r  to  f ixa- 
t i on  of t h e  t issue.  
Careful  e x a m i n a t i o n  of t h e  f r ac tu r ed  c y t o p l a s m  of g ran-  
u la r  cells in  b o t h  con t ro l  a n d  v a s o p r e s s i n - s t i m u l a t e d  t o a d  
b ladders ,  revea led  t h e  presence  of s imi la r  si tes of par t ic le  
aggrega t ion  in t h e  l imi t ing  m e m b r a n e  of i n t r a c y t o p l a s m i c  
c o m p a r t m e n t s :  tubu les ,  vacuoles  a n d  vesicles. As shown 
in  f igure 3, t h e  f r ac tu re  process  revea ls  a t  leas t  3 m a i n  
t y p e s  of i n t r a c y t o p l a s m i c  m e m b r a n e s  : a) m e m b r a n e  show- 
ing t h e  usua l  p a t t e r n  of r a n d o m l y  d i s t r i b u t e d  par t i c les ;  
b) m e m b r a n e s  of t h e  dense  granules' ,  c a r ry ing  on ly  ra re  
i n t r a m e m b r a n o u s  pa r t i c les ;  c ) m e m b r a n e s  d i sp lay ing  a 
d i s t i nc t ive  o rgan i za t i ona l  p a t t e r n  in ar rays .  T h e  p ro to -  
p la smic  or P face ~3 of these  l a t t e r  m e m b r a n e s  is cha rac -  

Fig. 4. The protoplasmic membrane face (P) of 3 tubular profiles exhibits a distinctive organization which consists in the parallel arrangement 
of linear aggregates of closely packed intramembranous partie,les (arrows). G, Granules. x 134,000. 

Fig.5. Both the P and E faces of all elongated vacuole or tubule (asterisk) have been exposed by the fracture process. Linear arrays of particles 
(arrows) on the P face (P) and corresponding parallel grooves (arrows) on the E face (E) are seen. Neighbouring vesicular or tubular structures 
also show linearly organized aggregates (arrows) on their P face (P). • 147,000. 
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te r ized  b y  t he  para l le l  a r r a n g e m e n t  of l inear  a r r ays  of 
t i g h t l y  p a c k e d  i n t r a m e m b r a n o u s  pa r t i c les  (f igures 3 a n d  
4), whi le  i t s  exop lasmic  o r e  face is fu r rowed  b y  para l le l  
l inear  depress ions  (figures 5 a n d  6). Most  m e m b r a n e s  ex- 
h i b i t i n g  these  un ique  s t r u c t u r a l  f ea tu res  a p p e a r  to  be long  
to  t ubu l e s  or e longa t ed  saccules and,  less f r equen t ly ,  to  
vesicles  or  la rger  vacuoles ,  d i s t r i b u t e d  t h r o u g h  t h e  en t i r e  
g r a n u l a r  cell cy top lasm.  A l t h o u g h  t h e y  are o f ten  en- 
c o u n t e r e d  in  p r o x i m i t y  to t h e  ap ica l  surface  (figure 3), a 
ba sa l  loca t ion  is n o t  u n c o m m o n l y  seen (figure 6). Th i s  
o b s e r v a t i o n  seems to  rule  ou t  t h e  poss ib i l i ty  t h a t  all  
t u b u l a r  a n d  ves icu la r  profi les  r e p r e s e n t  i n v a g i n a t i o n s  of 
t h e  l u m e n a l  m e m b r a n e ,  unless  t h e  basa l  loca t ion  is ex-  
p l a ined  b y  cy top l a smic  s t r e a m i n g  of these  s t ruc tu res .  
F inaUy,  t he  p a t t e r n  of pa r t i c le  aggrega tes  descr ibed  here  
s o m e w h a t  r e sembles  t he  pa r t i c l e  d i s t r i b u t i o n  c h a r a c t e r -  
is t ic  of t he  P face of gap  junc t ions .  However ,  t he  i n t r a -  
cy top l a smic  loca t ion  of these  aggrega tes  a n d  t he  presence  
of c o m p l e m e n t a r y  grooves  in t h e  E f r ac tu re  face, u n -  
equ ivoca l ly  d i s t i ngu i sh  t h e m  f rom gap  junc t ions ,  which ,  
su rp r i s ing ly  enough,  h a v e  n o t  b e e n  obse rved  so far  in  
f r a c t u r e  m e m b r a n e s  of g r a n u l a r  ceils. 
The  re l a t ive  f r equency  of m e m b r a n e - b o u n d e d  c o m p a r t -  
m e n t s  ca r ry ing  l inear  aggrega tes  in  vasopres s in - s t imu-  
l a t ed  a n d  in con t ro l  g r a n u l a r  cells, c a n n o t  be  e s t ab l i shed  
a t  p resen t ,  since p rec i se  m o r p h o m e t r i c  e v a l u a t i o n  is 
needed.  The  s imi la r i ty  b e t w e e n  t h e  i n t r ace l lu l a r  aggre-  
ga tes  a n d  those  found  a t  t he  l u m e n a l  surface  suggests  t h e  
ex is tence  of a d y n a m i c  i n t e r r e l a t i o n s h i p  be tween  t h e  2 
t o p o g r a p h i c a l l y  d i s t i nc t  m e m b r a n e  sys tems.  However ,  
t he  n a t u r e  of such  a r e l a t i onsh ip  r e m a i n s  u n k n o w n  a t  t h i s  
p o i n t  a n d  we can  on ly  sugges t  some possibi l i t ies .  
The  p o p u l a t i o n  of par t ic le  agg rega t e - con t a in ing  t u b u l e s  
a n d / o r  e longa ted  vacuoles  m a y  r e p r e s e n t  a pool  of i n t r a -  
cel lular  m e m b r a n e s ,  t he  con t ro l led  inse r t ion  of w h i c h  in 
t he  p l a s m a  m e m b r a n e  could  p rov ide  a m e c h a n i s m  for  hor -  
m o n a l  m o d u l a t i o n  of par t ic le  aggrega te  dens i t y  a t  the  

l u men a l  surface.  As an  a l t e r n a t e  poss ibi l i ty ,  t u b u l e s  a n d  
vacuoles  could r e p r e s e n t  i n t e rna l i zed  p o r t i o n s  of t h e  lu-  
m e n a l  p l a s m a  m e m b r a n e .  In  th i s  respect ,  i t  m a y  be  appro-  
p r i a t e  to  recal l  t h a t  n e u r o h y p o p h y s e a l  h o r m o n e s  h a v e  
been  r epo r t ed  to  induce  p i n o cy t o t i c  u p t a k e  of pe rox idase  
f rom t h e  mueosa l  so lu t ion  in to  smal l  t u b u l e s  a n d  vesi-  
cles 12. The  la t t e r ,  as j udged  f rom t h e  p u b l i s h e d  e lec t ron  
mi c ro g rap h s  12, m a y  cor respond  to  t h e  s t r u c t u r e s  ca r ry ing  
l inear  aggrega tes  of i n t r a m e m b r a n o u s  pa r t i c les  in  our  
f reeze- f rac ture  p r epa ra t i ons .  Again ,  i t  is conce ivab le  t h a t  
select ive i n t e r n a l i z a t i o n  of a g g r e g a t e - c o n t a i n i n g  m e m -  
b r a n e  p a t c h e s  m i g h t  be  i nvo lved  in m o d u l a t i n g  s t r u c t u r a l  
a n d  f u n c t i o n a l  responses  of t h e  l u m e n a l  m e m b r a n e  of t he  
g r a n u l a r  cell t o  vasopress in .  
I n  a n y  even t ,  t h e  ex is tence  of a pool  of m e m b r a n e -  
b o u n d e d  c o m p a r t m e n t s  h a v i n g  t h e  same  o rgan i za t i ona l  
p a t t e r n  as p r ev ious ly  found  on ly  in t h e  l u m e n a l  m e m -  
b r a n e  of v a s o p r e s s i n - s t i m u l a t e d  cells, m u s t  n o w  be  t a k e n  
in to  a c c o u n t  in  s tud ies  conce rn ing  t h e  m e c h a n i s m  of 
va sop re s s in - induced  p e r m e a b i l i t y  changes  in a m p h i b i a n  
u r i n a r y  b ladder .  T h e  biological  r e l evance  of these  f ind ings  
for the  u n d e r s t a n d i n g  of t h e  s t r u c t u r e - f u n c t i o n  re la t ion-  
ship  in  t h e  m a m m a l i a n  k i d n e y  m u s t  a w a i t  f u r t h e r  in-  
ves t iga t ion .  However ,  i t  is of i n t e r e s t  to  p o i n t  o u t  t h a t ,  
in  t h e  col lec t ing  duct ,  c lus ters  of par t ic les  are  also seen 
in the  apica l  m e m b r a n e  of l igh t  cells 2~ a n d  t h a t  gap  junc-  
t ions  are also s t r ik ing ly  a b s e n t  in  t h i s  t i g h t  e p i t h e l i u m  ~6, 27. 
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Fig. 6. Freeze-fracture replica of a control granular ceil. 2 areas from the basal and the apical cytoplasm respectively are enclosed ill black 
squares and shown at higher magnification ill the insets, a 2 vesicles show the characteristic linear aggregates on the P face (P) and parallel 
groove s on the E face (E). b The exoplasmic face (E) of an irregularly shaped apical vacuole discloses a pattern of linear depressions (arrows). 
• 23,000. Inset a • 134,000; inset b • 79,000. 


