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Histochemistry of Lysosomal  Enzymes in Juxtaglomerular  Cells 

R e c e n t  l igh t  and  e lec t ron  microscopic  h i s t ochemica l  
i nves t i ga t i ons  de t ec t ed  acid p h o s p h a t a s e  a c t i v i t y  in t h e  
j u x t a g l o m e r u l a r  cell (JGC) granules  of t he  mouse  a n d  
r a t  (RUYTER 1, LEE, HURLEY and  HOPPER 2-4, GOMBA, 
SOLTtSZ a n d  SZOKOLYS). The  same  o b s e r v a t i o n  was 
m a d e  on  h u m a n  (FISHER, PEREZ-STABLE a n d  PARDO 6) 
a n d  on  rhesus  m o n k e y  (ROSEN a n d  TISHER 7) J G C 
granules .  OGINO, MATSUNAGA, SAITO, KIRA, TAKAYASU 
a n d  ONO 8 local ized ren in  a n d  acid A T P - a s e  in t h e  lyso- 
some f r ac t ion  of r ena l  subce l lu la r  par t ic les  i so la ted  b y  
d i f fe ren t i a l  c e n t r i f u g a t i o n  a n d  cons idered  b o t h  of t h e m  
to be lysosomal  enzymes .  Accord ing  to  FISHER 9, t h e  
JGC granu les  h a v e  a lysosomal  c h a r a c t e r  r ep re sen t ed  
b y  the i r  acid p h o s p h a t a s e  and  p ro teo ly t i c  (renin) ac t iv i ty .  
W e  h a v e  no t  been  able  to  f ind  d a t a  in t he  l i t e r a tu re  as 
to  w h e t h e r  these  g ranu les  con t a in  a n y  o the r  lysosomal  
enzymes.  I n  t he  p re sen t  i n v e s t i g a t i o n  we h a v e  s tud ied  
t he  h i s tochemica l  a c t i v i t y  of 4 lysosomal  enzymes  in the  
mouse  JGC. 

W h i t e  mice  of our  own s t r a in  of b o t h  sexes weigh ing  
a b o u t  20 g were na rco t i zed  w i t h  e the r  and  t he  k idneys  
were f ixed in s i tu  b y  in jec t ing  cold B a k e r  ca lc ium formol  
in to  the  a o r t a  v ia  t he  lef t  h e a r t  ven t r i c le  for a b o u t  3 min.  
The  left  r ena l  ve in  was incised before  s t a r t i n g  wi th  t h e  
in ject ion.  T h e n  the  left  k i d n e y  was i m m e d i a t e l y  r e m o v e d  
a n d  i m m e r s e d  in cold gum-sucrose  (Holt)  for 24 h. The  
fol lowing e n z y m e  h i s tochemica l  m e t h o d s  were accom- 
pl ished,  us ing  u n m o u n t e d  8 tx c ryos t a t  sect ions:  (1) Naph-  
tho l  A S - B I  p h o s p h a t e ,  f reshly  d iazot ized  E d e l r o t a m i n e  
I T R  (N', N '  d i e t h y l - 4 - m e t h o x y  s u l p h a n y l  amide)  m e t h o d  
for acid phospha t a se .  C o n c e n t r a t i o n  of the  s u b s t r a t e  was 
1.04 raM, c o n c e n t r a t i o n  of t he  coupl ing  a g e n t  5 m2VI, in  
0 . 0 5 M  ace t a t e  buffer  p H  5.2. (2) HAYASHL NAKAJIMA 
and  FISHMAN'S 10 m e t h o d  for f l -glucuronidase us ing  n a p h -  
tho l  A S - B I  /3-D-glucuronide as a subs t ra te .  The  coupl ing  
a g e n t  was  aga in  the  f reshly  diazot ized E d e l r o t a m i n e  ITR ,  
i ts  f inal  c o n c e n t r a t i o n  in the  i n c u b a t i o n  m i x t u r e  be ing  
2.5 raM.  (3) Me thods  for aspecif ic  esterase.  (A) Ind o x y l  
a ce t a t e  p rocedure  (BARKA and  ANDERSON 11), (B) Naph-  
tho l  AS-D ace t a t e  m e t h o d  (BARKA and  ANDERSONll). 
The  r eac t ion  was car r ied  ou t  on p H  7.0 or 5.0 us ing  fas t  
b lue  R R  as a coupl ing  agent .  (4) RUTENBURG, COHEN 
and  SELIGMAN'S 12 m e t h o d  for aryl  s u l p h a t a s e  in our  
modi f ica t ion .  The  or ig inal  pos t -coupl ing  m e t h o d  was 
t r a n s f o r m e d  in to  a s i m u l t a n e o u s  one. The  c o n c e n t r a t i o n s  

of t h e  c o m p o n e n t s  in  t h e  i n c u b a t i o n  m i x t u r e  were t he  
fol lowing:  s u b s t r a t e  1 mg/ml ,  fas t  b lue  R R  0.5 mg/ml ,  
in  0 . 0 1 M  ace t a t e  buf fe r  p H  6.1. 

T h e  t u b u l a r  lysosomal  e l emen t s  r eac t ed  pos i t ive ly  in 
all  of t h e  i n c u b a t i o n  m i x t u r e s  men t ioned ,  b u t  on ly  t he  
acid p h o s p h a t a s e  an d  f l -glucuronidase m e t h o d s  gave  a 
pos i t ive  resu l t  in t h e  J G C  granules .  The  a c t i v i t y  of t he  
f l -glucuronidase was more  in t ense  t h a n  t h a t  of t h e  acid 
p h o s p h a t a s e .  No s t a i n i n g  was p r e s en t  in sect ions  i n c u b a t e d  
w i t h o u t  subs t ra t e .  Ve ry  few weak ly  r eac t i ng  lysosomes 
were de t ec t ed  w i t h  t h e  m e t h o d s  m e n t i o n e d  also in t he  
rena l  a r t e r i a l  as well  as a r t e r io l a r  s m o o t h  muscle  cells. 

The  presence  of 2 t yp i ca l  lysosomal  e n z y m e s  in t he  
J G C granules  gives a f u r t h e r  s u p p o r t  to  t h e  concep t  of 
t he i r  lysosomal  na tu re .  Besides  the  we l l -known fac t  t h a t  
secre t ion vacuoles  in  d i f fe ren t  t i ssues  show one or more  
cha rac te r i s t i c s  of t h e  lysosomes,  t h e  lysosomal  c h a r a c t e r  
of t h e  J G C granules  h a s  a special  impor t ance .  I t  suggests  
t h a t  t h e  t r a n s f o r m a t i o n  of t h e  va scu l a r  s m o o t h  muscle  
cells in to  epi thel ia l - l ike  endocr in  e l emen t s  is p r o b a b l y  
based  on  t h e  a c t i v a t i o n  of t h e i r  lysosomal  sys tem,  th i s  
be ing  r a t h e r  i nac t ive  in normal ,  unmod i f i ed  a r t e r io la r  
s m o o t h  muscle  cells. D u r i n g  th i s  a c t i v a t i o n  t h e  p roduc-  
t ion  of some lysosomal  en zy mes  (nonspecif ic-esterase,  
a ry l su lpha tase )  d iminishes ,  a n d  t h a t  of o thers  (acid 
p h o s p h a t a s e ,  f i -glucuronidase a n d  f i rs t  of all t h e  pro- 
teo ly t ic  renin)  increases.  Accord ing  to the  lysosomal  con-  
cep t  of t h e  secre tory  a c t i v i t y  of JGC, the  s m o o t h  muscle  
cel l -secretory g land  cell t r a n s f o r m a t i o n  would  be gener-  
a ted  b y  t h e  r ed i f f e r en t i a t i on  an d  spec ia l iza t ion  of an  
old de fend ing-d iges t ing  s y s t e m  of t h e  cell. Never the less ,  
for t h e  t i m e  be ing  th i s  is n o t  more  t h a n  a hypo thes i s ,  
wh ich  needs  f u r t h e r  i nves t iga t ion .  

Zusammen/assung. I n  den  G r a n u l a  j ux t ag lomeru l / i r e r  
g ranu l i e r t e r  M/iusenierenzel len  wurde  eine saure  Phos-  
p h a t a s e  u n d  eine f i -Glykuronidase-Akt iv i t~ i t  nachgewie-  
sen. (Methoden  ffir A r y l s u l p h a t a s e  u n d  unspezi f i sche  
Es t e ra se  waren  nega t iv . )  Es  wi rd  der  Z u s a m m e n h a n g  
m i t  der  L y s o s o m e n a r t  der  G r a n u l a  d i sku t ie r t .  
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