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By 20 days  af ter  inject ion,  mos t  of t he  labeled cells in 
the  l y m p h  nodules  occurred in the  per iphera l  pa r t s  of the  
nodules.  Some vacuola ted  cells were now unequivoca l ly  
labeled, bu t  few lymphocy te s  were labeled any  longer.  
Most  of the  labeled ceils, b o t h  in the  l y m p h  nodules  and  
in the  circulat ing blood, were leucocytes  and  vacuo la ted  
cells. At  60 days  af ter  the  admin i s t r a t i on  of t r i t i a t ed  
thymid ine ,  mos t  of the  b lood cells in the  l y m p h  nodules  
were unlabeled (Figure 2). However  a few sca t t e red  
labeled leucocytes  and  vacuo la ted  cells occurred in t he  
connect ive  t issue below the  atr ia l  ep i the l ium and in the  
blood channels .  

Discussion. The blood cells of Styela clava cons t i tu te  a 
renewing s cell sys tem wi th  a renewal  t ime  on the  order  of 
several  weeks. As suggested by  o ther  au thors  ~, 2, b lood 
cell prol i fera t ion occurs b o t h  in the  l y m p h  nodules  and  in 
the  blood channels .  The possible  blood cell t r ans fo rma-  
t ions  are shown in Figure 3. Al though  b o t h  l y m p h o c y t e s  
and leucocytes  prol i ferate ,  the  l y m p h o c y t e  is p ro b ab l y  
the  more  p r imi t ive  blood cell type .  I t  is u l t r a s t ruc tu ra l ly  
the  most  und i f fe ren t ia ted  blood cell t y p e ~  and m a y  also 
be capable  of d i f fe ren t ia t ing  into germinal  cells x~ and 
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Fig. 3. Transformation of blood cell types in Styela clava. A, lympho- 
cyte; B, leucocyte; C, vaeuolated cell. 

somat ic  ceils o the r  t h a n  blood cells ~x. P r e s u m a b l y  the  
l y m p h o c y t e s  d i f fe ren t ia te  in to  leucocytes.  However ,  
since the  leucocytes  divide  and  also p r o b a b l y  represen t  
several  separa te  cell types ,  the  leucocytes  themse lves  
migh t  be composed  of s tem,  d iv id ing  t rans i t ,  or non-  
d iv id ing  t r ans i t  ~2 componen t s .  Since the  d i f fe ren t ia ted  
vacuola ted  cells do no t  divide,  t h e y  m u s t  be d i f fe ren t ia t ing  
f rom a precursor  cell t ype ;  whe the r  th is  precursor  is a 
l y m p h o c y t e  or a leucocyte  could no t  be de t e rmined  in the  
p resen t  inves t igat ion.  Based upon morphologica l  criteria,  
however ,  vacuo la ted  cells have  been repor ted  to  differen-  
t i a te  f rom in t e rmed ia t e  cell types  and no t  f rom l y mpho-  
cytes  in o ther  ascidians 7,13 

Blood ceils are renewed  in insects  14 and  m a m m a l s  15 
bu t  no t  in ech inoderms  ~6 where  blood cells have  charac-  
ter is t ics  of expand ing  s cell popula t ions .  In  mammals ,  
pro l i fe ra t ing  cells are mos t  concen t r a t ed  in the  bone  
marrow,  l y m p h  nodes,  and  spleen, but ,  like in Styela, t h e y  
also occur in the  circulat ing blood and  in t he  connect ive  
tissue. In  Styela, other  e lements  of t he  vascular  s y s t em 
(the hea r t  and connect ive  t issue l ining the  blood channels)  
comprise  expand ing  cell popula t ions  17. 

Summary. The blood cells of Styela clara were shown 
by  au to rad iog raphy  wi th  t r i t i a t ed  t h y m i d i n e  to  be renew- 
ed af ter  several  weeks. Pro l i fe ra t ing  l y m p h o c y t e s  and  
leucocytes  occurred in the  l y m p h  nodules  and  blood 
channels  of the  body.  Vacuola ted  cells did no t  prol i fera te  
bu t  d i f fe ren t ia ted  f rom a precursor  cell type .  
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A g g r e g a t i o n s  of D e n s e  Granule s  in Mi tochondr ia  

In  a previous s tudy  1 we inves t iga ted  the  r61e of the  
per ib ronchovascu la r  l ympha t i c s  in the  clearance of intra-  
t racheal ly  inst i l la ted ferr i t in  and carbon part icles.  Bo th  
t racers  reached the  l ympha t i c  lumen main ly  via the  open 
intercel lular  junct ions.  Fer r i t in  par t ic les  were moreover  
absorbed  by  the  endothel ia l  cells and accumula ted ,  prob-  
ably  to be d iges ted  e, in secondary  lysosomes. 

The purpose  of the  p resen t  s tudy  was to inves t iga te  if 
these act ivi t ies  of the  l y m p h a t i c  endothe l ia l  cells are 
associated wi th  morphologica l  changes  of the i r  mito-  
chondria ,  as it  is well k n o w n  t h a t  more  act ive mi to-  
chondr ia  d isplay  an a l tered fine s t ruc ture  3. 

We now d e m o n s t r a t e  aggregat ions  of small,  dense,  and 
more  or less rounded  granules (300 ~ 800 A) occurr ing in 
mi tochondr i a  of p u h n o n a r y  l y m p h a t i c  endothel ia l  cells, 
which had  endocy tosed  ferri t in,  were f ixed in a mix tu re  of 

of Act ive  P u l m o n a r y  L y m p h a t i c  Endothe l ia l  Cel l s  

g lu ta ra ldehyde  and  osmium te t roxide ,  and  s ta ined  wi th  
uranyl  ace ta te  and lead ci t rate .  A l though  the  precise na tu re  
of these  granules,  which  have  no t  been repor ted  before 
to t he  bes t  of our knowledge,  remains  unexpla ined ,  it  is 
suggested t h a t  these  aggregat ions  are re la ted  to  an in- 
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crease of t he  endo the l i a l  cell m e t a b o l i s m  w h i c h  was 
s t i m u l a t e d  b y  the  endocy tos i s  a n d  d iges t ion  of t he  fe r r i t in  
par t ic les .  

Mater ia l  and methods. I n  16 n e o n a t a l  r a b b i t s  0.05 em 3 
fe r r i t in  (NBC Cleveland,  Ohio ; 2 x c rys ta l l in  a n d  c a d m i u m  
free) or 0.05 cm 3 I n d i a  ink  (Gt in the r  u n d  Wagne r ,  H a n o -  
ver,  C 11/1431) was i n t r a t r a c h e a l l y  ins t i l la ted .  T he  an imals ,  
as well  as t he  3 con t ro l  an imals ,  were sacr i f ied b y  a n  i.p. 
i n j ec t ion  of an  overdose  of n e m b u t a l  (30', 4, 24, 28 h a n d  
5 days  a f t e r  ins t i l l a t ion  Of fe r r i t in ;  30', 6, 8, 28 h a n d  5 
days  a f t e r  ins t i l l a t ion  of I n d i a  ink).  

In  all  an imals ,  l ung  t issues  were f ixed b y  2 m e t h o d s :  1. 
e i t he r  t he  usual  f i xa t ion  w i t h  g l u t a r a l d e h y d e  2.5% (at  
4~ 2 h) buf fe red  w i t h  p h o s p h a t e  a t  p H  7.2, followed b y  
pos tosmi f i ca t ion  in 1% OSO 4 ( p h o s p h a t e  buffered,  p H  
7.2); 2. or a f i xa t ion  for 1 h in  a so lu t ion  of 1% OSO 4 a n d  
1 .25% g l u t a r a l d e h y d e  cacody la t e  buf fe red  a t  p H  7.0 
(4~ followed b y  pos tosmi f i ca t ion  in 2% OSO 4 cacodyl-  
a te  buf fe red  a t  p H  7.0 for 3 h a t  4~ ( T r u m p  f ixat ion)4.  
Af te r  f ixa t ion ,  al l  t i s sue  blocs  were  e m b e d d e d  in epon  a n d  
cu t  i n to  t h i c k  (1 ~m) and  t h i n  sect ions.  T he  pe r ib roncho-  
va scu l a r  l y m p h a t i c s  were s tud ied  w i t h  t he  e lec t ron  micro-  
scope (Phi l ips  3 0 0 A ) o n  u l t r a t h i n  sec t ions  wh ich  were 
e i the r  s t a ined  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  or  no t  
s t a ined  a t  all. 

Observations. Control animals .  Accord ing  to  the  p l ane  
of sect ioning,  t he  m i t o c h o n d r i a  of t he  p u l m o n a r y  lym-  
p h a t i c s  a p p e a r  as r o u n d e d  to  e longa ted  ( length  1.6 [~in), 
s o m e t i m e s  even  more  i r regu la r  organel les  r evea l ing  t h e i r  
we l lknown  basic  p a t t e r n  s. The i r  m a t r i x  is f i n e l y g r a n u l a t e d  
(granule  d i a m e t e r  60 ~ 95 ~ )  a n d  m a y  c o n t a i n  some la rger  
e lec t ron  dense  granules  (d iamete r  160 ~ 300 ~) ,  p r o b a b l y  
ca lc ium a n d  phospha teS .  

Intratracheal ins t i l la t ion e l /err i t in .  A t  low magn i f i ca t i on  
a n d  a f t e r  T r u m p s '  f i xa t ion  and  s ta in ing,  e lec t ron  dense,  
r o u n d  to ova l  do ts  (d iamete r  300 ~ 800 ~ )  are  seen in t he  
m a t r i x  of the  m i t o c h o n d r i a  of t he  p u l m o n a r y  endo the l i a l  
cells wh ich  h a v e  a b s o r b e d  fe r r i t in  (Figure 1). These  dense  
spots  o f ten  occur  a t  t he  m i t o c h o n d r i a l  pe r iphe ry ,  n e v e r  
in  t h e  i n t r ac r i s t a l  or t he  pe r iphe ra l  (i.e. b e t w e e n  the  i nne r  
a n d  t he  ou t e r  m e m b r a n e )  space. T h e y  are  o f ten  nea r  t he  
inne r  m i t o c h o n d r i a l  or t he  cr i s ta l  m e m b r a n e  (Figures 1, 2 
a n d  4). A t  h igher  m a g n i f i c a t i o n  t h e y  a p p e a r  c o n s t i t u t e d  
b y  smal l  more  or less r o u n d e d  a n d  e lec t ron  dense  granules  
w i t h  a d i a m e t e r  r a n g i n g  f rom 45 to 150 )~ (Figure 2 a n d  4). 
The  granu les  do n o t  r evea l  a p a r t i c u l a r  d i spos i t ion  and  
the i r  n u m b e r  pe r  aggrega t ion  var ies  (Figure  2). T h o u g h  
i t  is d i f f icul t  to  a sce r t a in  t h e  exac t  n u m b e r  of g r a n u l a r  
aggrega t ions  per  m i t o c h o n d r i o n ,  i t  appea r s  la rges t  in  t he  
l y m p h a t i c  endo the l i a l  cells wh ich  c o n t a i n  m o s t  ferr i t in .  
These  endo the l i a l  cells c o n t a i n  also t h e  m o s t  n u m e r o u s  
m i t o c h o n d r i a  w i t h  dense  g ranu les  (Figure 1). 

S imi la r  aggrega t ions  of dense  granules  were no t  found  
in m i t o c h o n d r i a  of l y m p h a t i c  endo the l i a l  cells, e i t he r  
a f t e r  classical  f ixa t ion  wi t t l  g l u t a r a l d e h y d e  a n d  pos tosmi -  
f icat ion,  or  on n o n - s t a i n e d  sect ions  (Figure  3). 

Intratracheal  inst i l lat ion el  carbon. In  th i s  group of 
an imals ,  aggrega t ions  of dense  m i t o c h o n d r i a l  g ranules  
were n e v e r  seen. Still,  t h e r e  is t r a n s p o r t  of c a r b o n  f rom 
the  l ung  a lveol i  to  t he  l y m p h a t i c  l umina ,  b u t  no endo-  
cytosis  of these  par t ic les  b y  t h e  l y m p h a t i c  endo the l i a l  
cells 1. 

Discussion.  Clusters  of smal l  dense  par t ic les  were 
r e p o r t e d  in  t he  m a t r i x  of i so la ted  m i t o c h o n d r i a  a n d  in 
m i t o c h o n d r i a  of i n t a c t  cells f rom d i f fe ren t  t i ssues  6 w h i c h  
h a d  been  i n c u b a t e d  w i t h  s t r o n t i u m ,  b a r i u m  or ca lc ium.  
T h e y  are supposed  to resu l t  f rom a t r a n s p o r t  a n d  in t r a -  
m i t o c h o n d r i a l  a c c u m u l a t i o n  of St++, Ba++ or Ca~+, as 
m i t o c h o n d r i a  are capab le  of a c c u m u l a t i n g  ~ large a m o u n t s  
of d i v a l e n t  ca t ions  b y  a n  e n e r g y - d e p e n d e n t  process  6. 

Ana logous  i n t r a m i t o c h o n d r i a l  g ranules  were also descr ibed  
in va r ious  diseases,  and  on  morpho log ica l  g rounds  were 
cons idered  to  r e p r e s e n t  ca lc ium a c c u m u l a t i o n s  9,10. 

T h o u g h  t h e  m o r p h o l o g y  as well  as t he  loca l iza t ion  of 
all  these  aggrega t ions  closely m i m i c k  t h e  h e r e b y  r epo r t ed  
dense  g r a n u l a r  aggregat ions ,  t h e y  are no t  ident ica l .  
Indeed ,  t h e  ear l ie r  descr ibed  aggrega t ions  are no t  on ly  
e lec t ron  o p a q u e  a f t e r  f i xa t ion  a n d  s t a in ing  w i t h  h e a v y  
meta ls ,  b u t  also a f t e r  f i xa t i on  w i t h  a ldehydes  and  w i t h o u t  
s t a in ing  9, i n d i c a t i n g  an  in t r ins ic  e lec t ron  opaci ty .  The  
h e r e b y  r epo r t ed  m i t o c h o n d r i a l  granules ,  on  t h e  con t r a ry ,  
are  no t  seen e i t he r  a f t e r  a g l u t a r a l d e h y d e  f ixa t ion  (wi th  
pos tosmif ica t ion) ,  or on n o n - s t a i n e d  sect ions.  T h e y  are  
on ly  de tec ted  o n  s t a ined  sect ions  a n d  a f t e r  f ixa t ion  w i t h  
a m i x t u r e  of g l u t a r a l d e h y d e  a n d  o s m i u m  te t rox ide ;  t h u s  
t h e y  do no t  possess  a pe rcep t ib l e  in t r ins ic  e lec t ron  opac i ty  
a n d  are  n o t  v i s ib le  w i t h  al l  f i xa t ion  me thods :  Therefore,  
we do no t  suppose  t h a t  t h e y  co r respond  to a c c u m u l a t i o n s  
of Sr++, B a  ++ or Ca ++, t h o u g h  t h i s  is sugges ted  b y  t h e i r  
loca l iza t ion  a n d  t h e i r  morpho logy .  The  m i t o c h o n d r i a  in  
t he  l y m p h a t i c  walls  do not ,  moreover ,  r evea l  a n y  s t ruc tu r -  
al de so rgan iza t ion  as usua l ly  seen a f t e r  u p t a k e  of large 
a m o u n t s  of Ca++ 11. 

T h o u g h  in our  s t u d y  t h e  dense  a n d  g r a n u l a r  m i t o -  
chondr i a l  aggrega t ions  are on ly  seen a f t e r  a n  endocy tos i s  
of ferr i t in ,  one m a y  accep t  t h a t  t h e  aggrega t ions  are n o t  
m a d e  of fe r r i t in  molecules,  or of t h e i r  d iges t ion  p roduc t s .  
F e r r i t i n  par t ic les  12 h a v e  indeed  a d i s t inc t  in t r ins ic  e lec t ron  
opac i t y  a n d  a r a t h e r  un i fo rm  a n d  r o u n d  s t r u c t u r e  (dia- 
m e t e r  i 110/k).  The  i n t r a m i t o c h o n d r i a l  aggrega t ions  are,  
moreover ,  seen in t he  ea r ly  s tages  a f t e r  i n t r a t r a c h e a l  
ins t i l la t ion ,  w h e n  t he  a m o u n t  of fe r r i t in  abso rbed  in t he  
endo the l i a l  cells is st i l l  smal l  a n d  w h e n  the re  is no t  ye t  a n  
a c c u m u l a t i o n  of fe r r i t in  in  seconda ry  lysosomes.  

Af te r  a n  i n t r a t r a c h e a l  ins t i l l a t ion  of c a r b o n  par t ic les  
wh ich  r each  t he  l y m p h a t i c  l u m e n  v ia  t he  in te rce l lu la r  
j u n c t i o n s  a n d  are  no t  a b s o r b e d  b y  t he  l y m p h a t i c  l in ing  
cells 1, no aggrega t ions  of dense  granules  were seen in t h e  
l y m p h a t i c  m i t o c h o n d r i a .  Th i s  a p p a r e n t l y  ind ica tes  t h a t  
t he  aggrega t ions  are  mos t  p r o b a b l y  r e l a t ed  to  (endocyto-  
tic) ac t iv i t i e s  of t he  l y m p h a t i c  endo the l i a l  cells. These  
ac t iv i t ies ,  wh ich  inc lude  e.g. t he  f o r m a t i o n s  of vesicles 
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Fig. 1. Detail of a puhnonary lymphatic endothelial cell (E) 28 h after intratracheal instil lation of ferritin (Trump fixation, uranyl acetate 
and lead citrate staining); several secondary lysosomes (S) are filled with ferritin. The matrix of the mitoehondria (M) contains electron 
dense round to oval spots (arrows); CT, connective tissue; L, lymphat ic  lumen; • 31,350. 

Fig. 2. Higher magnification of a mitochondrion from Figure 1. The dense intramitochondrial spots (arrows) are composed of small dense 
granules, that  do not reveal any particular disposition; • 99,750. 

Fig. 3. Detail of a puhnonary lymphatic endothelial cell 24 h after intratraeheal instillation of ferritin (Trump fixation, but no staining). 
Although many ferritin particles are piled up in a secondary lysosome (S), the mitochondria (M) do not reveal any aggregations of dense 
granules; • 51,300. 

Fig. 4. Detail of a pulmonary lymphatic endothelial cell (E) 24 h after intratracheal instillation of ferritin (Trump fixation, uranyl acetate and 
lead citrate staining). Dense spots (arrow) constituted by small granules occur at the periphery of the mitochondrion (M) ; CT, connective 
tissue; L, lymphatic  lumen; S, secondary lysosoine with ferritin; • 51,300. 
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a n d  of p a r t s  of t he  cell m e m b r a n e  13, requi re  a larger  
ene rgy  expend i tu re ,  w h i c h  could in t u r n  induce  morpho -  
logical  changes  such  as t h e  a p p e a r a n c e  of g r a n u l a r  aggre-  
ga t ions  in  t h e  ene rgy  p r o d u c i n g  mi tochondr i a .  This  is 
also sugges ted  b y  t h e  large n u m b e r  of m i t o c h o n d r i a  
c o n t a i n i n g  aggrega t ions  as well  as of aggrega t ions  pe r  
m i t o c h o n d r i o n  in tile l a t e r  s tages  a f te r  ins t i l l a t ion  w h e n  
huge  a m o u n t s  of f e r r i t in  are abso rbed  a n d  a c c u m u l a t e d  
in t he  endo the l i a l  cells. 

The  o b s e r v a t i o n  r epo r t ed  here  had,  to  t he  bes t  of our  
knowledge,  no t  been  descr ibed  before.  S imi lar  aggrega t ions  
were no t  seen in our  s tud ies  in mi tochondr i a ,  e i t he r  of 
a lveo la r  m a c r o p h a g e s  or of a lveo la r  ep i the l ia l  cells, t h o u g h  
these  cells e x h i b i t  p r o n o u n c e d  endocy to t i c  ac t iv i t i e sL  
This  could ind ica te  t h a t  t he  aggrega t ions  are specific for 
ce r t a in  cell t ypes  (such as t i le l y m p h a t i c  endo the l i a l  
cells) u n d e r  c e r t a i n  physio logica l  cond i t ions  (i.e. h igh  
increase  of t he  cell me tabo l i sm) .  

The  precise  n a t u r e  of t i le g r a n u l a r  aggrega t ions  in  t he  
m i t o c h o n d r i a  of l y m p h a t i c  endo the l i a l  cells r e m a i n s  
obscure.  F r o m  th i s  morpho log ica l  s t u d y  we can  on ly  
conclude  t h a t  t h e y  r ep re sen t  a n  a c c u m u l a t i o n  of subs t ances  
(ions, enzymes  or  o the r  organic  mater ia l )  wh ich  p l ay  (or 
h a v e  p layed)  a r61e in t h e  increased  r e s p i r a t o r y  a c t i v i t y  
of the  m i t o c h o n d r i a  in response  to  an  increased  cell m e t a b -  
olism. The  c lus te red  a p p e a r a n c e  of t he  granules ,  wh ich  
are of ten  closely r e l a t ed  to  t he  inne r  or cr is ta l  m e m b r a n e ,  
m a y  be exp la ined  b y  t he  occurrence  of b ind ing-p laces  

(possible on  t he  m e m b r a n e s  themse lves )  for these  sub- 
s tances .  

Rdsumd. Nous  a v o n s  6 tudi6  les m i t o c h o n d r i e s  d a n s  les 
cellules endoth61iales de l y m p h a t i q u e s  p u h n o n a i r e s  chez 
des l ap ins  nouveau -n6s  aprSs in s t i l l a t i on  i n t r a t r a ch6a l e  
de fe r r i t ine  ou de cha rbon .  Les m i t o c h o n d r i e s  des cellules 
qu i  on t  endocy t6  de la  fe r r i t ine  e t  qu i  on t  6t6 fix6es au  
g lu t a r a ld6hyde  e t  au  t6 t rox ide  d ' o s m i u m  c o n t i e n n e n t  
apr~s co lora t ion  ~ l ' a c6 ta t e  d ' u r a n y l e  et  au  c i t r a t e  de 
p l o m b  des aggr6ga t ions  de granules  p lus  ou moins  rondes  
(d iam~tre  de 300 k 800 A) qui  d ' apr~s  nous,  n ' o n t  pas  
encore  6t6 d6cr i tes  a u p a r a v a n t .  Quoique  la n a t u r e  pr6cise 
de ces granules  res te  inconnue ,  i l  est  poss ible  qu 'el les  
soient  en r e l a t ion  avec  une  a u g m e n t a t i o n  du  m6 tabo l i sme  
des cellules endoth6l ia les ,  s t imul6es  pa r  l ' endocy tose  et  la 
d iges t ion  des pa r t i cu les  de ferr i t ine .  
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Electron Cytochemical Demonstrat ion of -SH Groups in the Synaptic Vesicles of Photo-  
receptor Cells with the Mixture of Zinc Iod ide-Osmium Tetroxide 

The  m i x t u r e  of zinc iod ide -osmium t e t r o x i d e  (ZlO) 
i n t r o d u c e d  b y  AKERT a n d  SANDRI 1 in e lec t ron  micros-  
copy, s t a ins  t o t a l l y  d i f fe ren t  k inds  of synap t i c  vesicles 1-5 
and  o the r  subce l lu la r  componen t s .  

ZIO s t a ins  m e m b r a n o u s  s t ruc tu re s  s imi la r ly  to  con- 
v e n t i o n a l  f ixa t ives  (g lu ta ra ldehyde ,  o s m i u m  te t rox ide)  in  
e lec t ron  microscopy.  However ,  e lec t ron  opaque  deposi ts ,  
connec t ed  or n o t  w i t h  m e m b r a n e s ,  m a y  be seen in some 
s t ruc tures .  These  e lec t ron  opaque  depos i t s  cha rac t e r i ze  a 
pos i t ive  ZIO reac t ion .  

In  t h e  re t ina ,  MAILLET 6 obse rved  w i t h  l igh t  micros-  
cope t h a t  ZIO s t a ins  t he  ou t e r  a n d  inne r  p lex i fo rm layers.  
E l ec t ron  microscopic  s tud ies  m a d e  in our  l a b o r a t o r y  
revea led  a pos i t ive  r eac t ion  in t he  synap t i c  vesicles of 
the  ou te r  ~,8 a n d  inne r  9 p lex i fo rm layers  a n d  in t he  rod  
ou te r  s egmen t s  in  d i f fe ren t  species. U n d e r  ce r t a in  con- 
di t ions ,  t he  v a c u o l a r  s y s t e m  of p h o t o r e c e p t o r  cells was 
also r eac t ive  10. 

S y n a p t i c  vesicles do n o t  show t he  same r e a c t i v i t y  in  
b o t h  p lex i fo rm layers.  W h e n  t he  f ixa t ion  is m a d e  a t  4 ~ 
on ly  t he  vesicles of t h e  ou te r  p lex i fo rm layer  reactT, 8. 
The i r  r e a c t i v i t y  is va r i ab l e  a n d  nega t ive  vesicles are 
f r e q u e n t l y  observed .  On  increas ing  t he  t e m p e r a t u r e  
(20 ~ or more) ,  a g rea t e r  n u m b e r  of pos i t ive  vesicles are 
observed ,  a n d  t h e  r eac t ion  is also seen in t he  s y n a p t i c  
vesicles of t he  i nne r  p lex i fo rm layer  9. 

The  s ignif icance of ZIO reac t ion  in synap t i c  vesicles 
has  no t  ye t  been  es tab l i shed .  S y n a p t i c  vesicles w i t h  
d i f fe rent  t r a n s m i t t e r s  are  ZIO posi t ive .  E x p e r i m e n t s  
m a d e  in v i t ro  showed  t h a t  m a n y  subs tances  r eac t  w i t h  
ZIO giving a b l a c k  p rec ip i t a te .  A m o n g  t h e m  a m i n o  acids 
w i t h  - S H  groups  were a m o n g s t  tile mos t  reac t ive .  This  
fact ,  a n d  o t h e r  cons ide ra t ions  8, led us to  t h i n k  t h a t  - S H  
groups  could be  respons ib le  of ZIO reac t ion .  To t e s t  th i s  
hypo thes i s  t he  effect  of - S H  reagen t s  on ZIO reac t ion  

was s tud ied  in t h e  s y n a p t i c  vesicles of t he  p h o t o r e c e p t o r  
cells of the  ra t .  

R e t i n a s  f rom adu l t  W i s t a r  r a t s  were qu ick ly  dissected 
a f t e r  d e c a p i t a t i o n  a n d  i n c u b a t e d  in to to  a t  r o o m  tem-  
p e r a t u r e  accord ing  to  one of t h e  fol lowing schedules :  
1. in  p h o s p h a t e  buf fe r  0.1 M, p H  6.9 for 30 ra in ;  2. in 
5 m M  d i th ioe ry t t l r i t o l  (DTE) in t he  same buf fe r  for 
30 m i n ;  3. in  0.1 M N - e t h y l - m a l e i m i d e  (NEM) in the  
same  buffer  for 30 ra in  ; 4. i n c u b a t i o n  for 30 min  in m e d i u m  
2, wash ing  for 5 m i n  in t he  buffer,  i n c u b a t i o n  for 30 min  
in m e d i u m  3. 

Af te r  i n c u b a t i o n  t he  r e t i nas  were washed  for 5 ra in  in 
t he  p h o s p h a t e  buffer  a n d  a few seconds in dis t i l led wa te r  
to  e l imina te  p h o s p h a t e s  and  f ixed in ZIO a t  4~ for 2 h. 
Af te r  10 min  of f i xa t i on  the  r e t i na s  were teased  in smal l  
b locks  in a d rop  of ZIO. Tissue b locks  were p r e p a r e d  for 
e lec t ron  mic roscopy  a f t e r  f ixa t ion .  D e h y d r a t i o n  was done 
in e t hano l  and  e m b e d d i n g  in E p o n  812. U l t r a t h i n  sect ions  
were s ta ined  w i t h  lead c i t r a t e  a n d  s tud ied  in a Siemens  
E l m i s k o p  1 e lec t ron  microscope.  ZIO was p r e p a r e d  as 
p rev ious ly  descr ibed  11. 
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