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Fig. 2. Edge  of s a l i va ry  g land  from the same 
animal, showing adipohaemocyte and elec- 
tron-dense granules. × 20,700. 

cases there was marked infiltration of the blood cells 
into the glandular tissue similar to the reactions shown 
by nerve-sectioned insects. Nymphs showed the greater 
haemocyte accumulation and infiltration response. The 
results obtained are summarized in the Table, and the 
extent  of the reaction is roughly quant i ta ted using the 
symbols -- + + +  or + + + .  

Different types of cytoplasmic granules occurred in 
the haemocytes accumulated on the glands. Ultrastruc- 
tural studies of the blood cells revealed irregularly-shaped 
mitochondria and many membrane-bound bodies con- 
taining characteristic structures (Figure 1). Granular 
bodies encroaching into the gland cells may represent 
haemocytic remnants  3 and probably parts of adipo- 
haemocytes and spherulites 4 (Figure 2). 

Discussion. The results indicate tha t  the nymphs 
respond to injections of cell-flee extracts or filtrates of 
tumourous tissues more readily and exhibit  more positive 
reactions involving infiltration and invasion of the salivary 
glands than do adults, where the response, though 
present, is less well defined. The sensitivity of the 
salivary glands to such injections cannot yet  be explained, 
but  they  are also the first organs to develop tumourous 
lesions after severance of the recurrent nerve 1, 5. 

Rdsumd. On a obtenu des tumeurs dans des blattes 
(Periplaneta americana) aprbs la section du nerf r6current. 
Des extraits  ou des filtrats de ces tumeurs, exempts de 
cellules, ont provoqu6 des 16sions semblables quand on 
les a inject6s ~ des adultes ou des nymphes. 
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A C o m p a r i s o n  of  Ultrastructural  Localization of Carnitine Acetyltransferase Activity in Mouse Liver 
Mitochondria with that in Cardiac Muscle 

This communication describes the ultrastructural  local- 
ization of carnifine acetyltransferase act ivi ty  in the 
mitochondria of mouse liver, which to our knowledge 
has not been previously reported, compared with the 
act ivi ty in the cardiac mitochondria. 

This enzyme catalyses the reaction; Acetyl-CoA + 
Carnitine ~- Acetylcarnitine +CoA.  The cytochemical 
method of HIGGINS and BARRNE:rTI utilizes the reducing 
property of the released SH group of free CoA to reduce 
potassium ferricyanide to potassium ferrocyanide, which 
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in  t h e  p resence  of u r a n y l  ions,  f o rms  a n  e l ec t ron -dense  
p r e c i p i t a t e  of u r a n y l  f e r rocyan ide .  

A n o t h e r  m e t h o d  ut i l izes  t h e  m e r c a p t i d e - f o r m i n g  p rop -  
e r t y  of t h e  free S H  group  of CoA, w h i c h  fo rms  a precipi -  
t a t e  w i t h  c a d m i u m  ions. The  f i r s t  m e t h o d  was  e m p l o y e d  
in  t h e  p r e s e n t  i nves t iga t ion .  I t  h a s  b e e n  r e p o r t e d  t h a t  
t h e  c a r n i t i n e  a c e t y l t r a n s f e r a s e  a c t i v i t y  in  m i t o c h o n d r i a  
f rom va r ious  t i s sues  is h i g h e s t  in  h e a r t  musc le  a n d  
lowes t  in  l iver  3. 

I n  a n  a t t e m p t  to  c o m p a r e  t h e  c y t o c h e m i c a l  loca l i za t ion  
of t h e  m i t o c h o n d r i a I  e n z y m e s  s in  va r i ous  t i s sues  f rom 
t h e  n o r m a l  a n d  t h e  m u s c u l a r  d y s t r o p h i c  mouse ,  we found  
s imi l a r  d i s t r i b u t i o n  of c a r n i t i n e  a c e t y l t r a n s f e r a s e  b e t w e e n  
ca rd iac  m i t o c h o n d r i a  a n d  l iver  m i t o c h o n d r i a .  

U n f i x e d  slices of ca rd iac  musc le  a n d  l iver  f rom t h e  
m o u s e  were  i n c u b a t e d  in  t h e  fo l lowing m e d i u m :  po ta s -  
s i u m  fer r icyanide ,  5 nag, u r a n y l  a c e t a t e  2.5 rag, ace ty l  
CoA 2.0 rag, c a r n i t i n e  4.0 rag, dex t ro se  100 rag, d i sso lved  
in  a t o t a l  of 2.5 m l  of 0 . 0 5 M  m a l e a t e  bu f f e r  ( pH  7.0). 

Con t ro l s  were  p r e i n c u b a t e d  for  5 r a in  in  4 × 10 -4 M 
mercu r i c  ch lor ide  w h i c h  ha s  b e e n  r e p o r t e d  to  be  a n  
i n h i b i t o r  1, 4. Also t h e  omiss ion  of e i t h e r  t h e  accep to r  or  
d o n o r  s u b s t r a t e  f rom t h e  i n c u b a t i o n  m e d i u m  was  em-  
p loyed  as f u r t h e r  controls .  Some  slices were  b r ie f ly  f ixed 
in t h e  g l u t a r a l d e h y d e  ( l~ /o) - formaldehyde  (40/0) so lu t ion  
in  0 . 1 M  c a c o d y l a t e  buf fe r  ( pH  7.4). 

T h e  o p t i m a l  r e su l t s  were  o b t a i n e d  in  f resh slices 
i n c u b a t e d  for  30 ra in  a t  r o o m  t e m p e r a t u r e  (22 °C). A f t e r  
i n c u b a t i o n  t i s sues  were  w a s h e d  br ie f ly  w i t h  cold bu f f e r  

a n d  f ixed in  4 %  g l u t a r a l d e h y d e  in 0 . 1 M  c a c o d y l a t e  
buf fe r  ( p H  7.4) for  30 ra in  fol lowed b y  pos t - f i xa t i on  in 
2~o o s m i u m  t e t r o x i d e  for  a n  a d d i t i o n a l  60 rain.  Mos t  
m i t o c h o n d r i a  in  m o u s e  l iver  as wel l  as  t hose  in ca rd iac  
musc le  showed  r e a c t i o n  p r o d u c t  w i t h o u t  m a r k e d  he te ro -  
gene i ty  a m o n g s t  t h e  m i t o c h o n d r i a  (Figure  1). R e a c t i o n  
p r o d u c t  b e t w een  t h e  i n n e r  a n d  ou t e r  m i t o c h o n d r i a l  
m e m b r a n e  was more  s t a b l e  t h a n  in t h e  i n t r a c r i s t a l  space.  
A c t i v i t y  in  t h e  l a t t e r  s i t e  was  found  on ly  in  t h e  f resh  
t i s sue  a n d  n o t  in  t h e  con t ro l s  f ixed  in  t h e  g l u t a r a l d e h y d e -  
p a r a f o r m a l d e h y d e  so lu t ion .  T h i n  needle- l ike  r eac t i on  
p roduc t ,  u r any l - f e r rocyan ide ,  was  loca ted  m a i n l y  a long  
t h e  o u t e r  surface  of t h e  i n n e r  m e m b r a n e  b o t h  in ca rd iac  
musc le  (F igure  2) a n d  in l ive r  (F igure  3). 

I n  t h e  l iver  cell, t h e  depos i t s  of u r a n y l - f e r r o c y a n i d e  
were occas iona l ly  found  on  t h e  sur face  of t h e  b i le  cana -  
l iculi  a n d  t h e  en d o p l a s mi c  r e t i cu lum.  T h e  m i t o c h o n d r i ~  
in  t h e  d a r k e r  cell, a d j a c e n t  t o  t h e  l i g h t e r  cell, were 
u sua l ly  d e v o i d  of  t h e  r eac t ion  p r o d u c t  (F igure  4). I n  t h e  
sec t ions  p r e i n c u b a t e d  in mercur ic  ch lor ide  n o  a c t i v i t y  
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Fig. 1. The reaction product of the carnitine acetyltransferase, uranyl-ferryeianide, is distributed in all mitoehondria in the mouse liver 
cell. Occasionally the reaction product is found in the surface of microviUi (arrow) and the endoplasmic retieulum (arrow). 
Fig. 2. The cardiac mitoehondrion which has more crests than the liver mitoehondrion, has carnitine acetyltransferase activity along the 
outer surface of t h e  i n n e r  membrane as well as the inner surface of the crests (arrows). 
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was  found,  no r  in  t h e  sec t ions  i n c u b a t e d  in  t h e  m e d i u m  
w i t h o u t  c a r n i t i n e  a n d  ace ty l  CoA. W h e n  c a r n i t i n e  a lone  
was  o m i t t e d  on ly  t h e  i n t r a c r i s t a l  r e a c t i o n  r e m a i n e d .  

T h e  a c t i v i t y  of i n d i v i d u a l  m i t o c h o n d r i a  a p p e a r e d  to  
be  s imi la r  b o t h  in  l iver  a n d  ca rd iac  muscle .  T h e  depos i t s  
were  u n i f o r m l y  d i s t r i b u t e d  a long  t h e  m e m b r a n e  b o t h  on  
t h e  i nne r  sur face  of t h e  c r i s tae  a n d  on  t h e  o u t e r  sur face  
of t h e  i n n e r  m i t o c h o n d r i a l  m e m b r a n e .  T h e  c a r n i t i n e  

(cyroplasrna) (ou1,er compartment (Inner compartman1, of 
or mitochondria) Iqitochondria-rnalfix) 
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a c e t y l t r a n s f e r a s e  p lays  a role in  t h e  t r a n s p o r t  of a c t i v e  
a c e t a t e  across  t h e  m i t o c h o n d r i a l  m e m b r a n e  z, 5. 

T h e  d i f fe rence  b e t w e e n  t h e  r e a c t i o n  p r o d u c t  loca ted  in 
t h e  i n t r a c r i s t a l  space  a n d  t h e  space  b e t w e e n  t h e  ou te r -  
a n d  t h e  i n n e r - m i t o c h o n d r i a l  m e m b r a n e  z sugges ts  t h a t  
t h e  i n t r a c r i s t a l  e n z y m e  p lays  a role  in  Ace ty l -CoA -->- CoA 
reac t ion .  T h e r e  is r e m a r k a b l e  d i f fe rence  in  t h e  e x t e n t  
of a c t i v i t y  a m o n g s t  m i t o c h o n d r i a  f rom var ious  t issues.  

A c t i v i t y  in  m i t o c h o n d r i a  (~tmoles/min/g p ro te in )  
of ca rd iac  muscle ,  ske le ta l  muscle ,  k idney ,  b ra in ,  
l iver  was  r e p o r t e d  to  be  440, 410, 109, 12.3 a n d  
5.1 r e spec t ive ly  ~. 

H o w e v e r  we f o u n d  c y t o c h e m i c a l  r e a c t i o n  
of l iver  m i t o c h o n d r i a  to  be  s imi la r  to  t h a t  
of ca rd iac  m i t o c h o n d r i a .  T h e  d i f ference  in  
overa l l  a c t i v i t y  b e t w e e n  l iver  m i t o c h o n d r i a  
a n d  h e a r t  m i t o c h o n d r i a  a p p e a r s  to  be  a t t r i b u t e d  
to  a m a r k e d  d i f ference  in  t h e  n u m b e r  of 
c res t s  b e t w e e n  t h e  two  t y p e s  of m i t o c h o n d r i a .  
E n z y m e  a c t i v i t y  in  severa l  t i s sues  h a s  b e e n  
r e p o r t e d  to  be  co r re l a t ed  w i t h  t h e  a m o u n t  of 
a c e t y l c a r n i t i n e  a n d  c a r n i t i n e  e x c e p t  in  t h e  t es t i s  
in  w h i c h  t h e  e n z y m e  a c t i v i t y  is h i g h e r  t h a n  
t h e  a m o u n t  of c a r n i t i n e  a n d  ace ty l ca rn i t i ne .  

Fig. 3. A higher magnification of the liver mitochondrion shows 
distribution of enzyme activity similar to the cardiac mitochondria. 
Fig. 4. The mitochondria in the darker cells (arrow) are usually 
devoid of enzyme activity while those in the adjacent cell have 
reaction product. 
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T h i s  sugges t s  t h e  co r re l a t ion  of t h i s  e n z y m e  t o  t h e  
t e s tos t e rone .  

C y t o c h e m i c a l  s tud ie s  on  t h e  ef fec t  of t e s t o s t e r o n e  6 o n  
t h e  d i s t r i b u t i o n  of t h i s  enzyme ,  a n d  a c o m p a r i s o n  of t h e  
a c t i v i t y  in  m i t o c h o n d r i a  in  t h e  ske le t a l  musc le  of mice  
n o r m a l  a n d  d y s t r o p h i c  will  follow v. 

de souris .  L a  g r a n d e  d i f f6rence  d ' a c t i v i t 6  que  d6c~len t  
les m 6 t h o d e s  b i o c h i m i q u e s  e n t r e  ces d e u x  t y p e s  de  
m i t o c h o n d r i e s  p e u t  d o n e  6t re  a t t r i b u t e  s i m p l e m e n t  ~ la  
pr6sence  ' u n d  n o m b r e  b e a u c o u p  p lus  g r a n d  de  c ra tes  
d a n s  les m i t o c h o n d r i e s  d u  musc le  ca rd iaque .  

T. MAKITA s a n d  E. B. SANDBORN 9 

Rdsumd. E n  microscop ic  d lec t ron ique  l ' e tuee  de la 
c a r n i t i n e  ac6 ty l t r ans f6 ra se  a m o n t r 6  une  m~me  localisa-  
t i o n  d a n s  les m i t o c h o n d r i e s  du  foie e t  du  musc le  c a r d i a q u e  
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U l t r a s t r u c t u r a l  L o c a l i z a t i o n  o f  A r y l s u l f a t a s e  B i n  M i t o c h o n d r i a  o f  E p i t h e l i a l  C e l l s  o f  t h e  P r o x i m a l  
C o n v o l u t e d  T u b u l e s  o f  t h e  R a t  K i d n e y  

T h i s  c o m m u n i c a t i o n  descr ibes  t h e  p rev ious ly  u n p u b -  
l i shed f ine  s t r u c t u r a l  loca l i za t ion  of a ry l su l f a t a se  a c t i v i t y  
in  t h e  m i t o c h o n d r i o n .  T h e  phys io log ica l  f u n c t i o n s  of 
a ry l su l f a t a se  are  u n k n o w n  a t  p r e s e n t  1 b u t  a ry l su l f a t a se  
is r e g a r d e d  as  a l y sosomal  enzyme.  I t  is s imi l a r  to  ac id  
p h o s p h a t a s e  in  seve ra l  aspects ,  s u c h  as  a c t i v a t i o n  b y  
osmot i c  pressure ,  s o d i u m  chlor ide ,  m e c h a n i c a l  d i s r up t i on ,  
f reez ing  a n d  t h a w i n g  o r  b y  t h e r m a l  a c t i v a t i o n  2. A t  t h e  
e l ec t ron  mic roscope  level ,  a ry l su l f a t a se  h a s  b e e n  r e p o r t e d  
on ly  in t h e  lysosome or  in  t h e  lysosomal  g ranu le  in  t h e  
t h y r o i d  fol l icular  cell 8 i n t e s t i n a l  mucosa l  cell4, p u l m o n a r y  
a lveo la r  cell 5, m e t r i a l  g l a n d  cell 6 a n d  t h e  ep i the l i a l  cell 
of k i d n e y  c o n v o l u t e d  t u b u l e s  v-u .  

B iochemica l  ana lys i s  of t h e  i u t r ace l lu l a r  d i s t r i b u t i o n  
of sul fa tase ,  however ,  sugges ts  t h a t  t h e  m i t o c h o n d r i a l  
f r ac t i on  c o n t a i n s  as  h i g h  as  50% of t h e  t o t a l  a ry l su l f a t a se  
a c t i v i t y  in  t h e  r a t  l i ve r  cellX*. I n  a n  a t t e m p t  t o  o b t a i n  
t h e  m i t o c h o n d r i a l  loca l i za t ion  of a ry t su l fa tase ,  t i s sue  
was  d i s sec ted  f r o m  r a t s  pe r fused  w i t h  l a c t a t e d  R i n g e r ' s  
so lu t ion  (Abbo t t )  for  a few m i n  a n d  2 %  g l u t a r a l d e h y d e  
in  0 . 1 M  s o d i u m  c a c o d y l a t e  buf fe r  (pH 7.4) c o n t a i n i n g  
5 %  d i m e t h y l  sul foxide  (DMSO) for  severa l  min .  D M S O  
increases  t h e  o s m o l a r i t y  of t h e  f i xa t i ve  a n d  acce le ra tes  
i t s  p e n e t r a t i o n  in to  t h e  tissue1*, ~4. A f t e r  a d d i t i o n a l  
pe r fu s ion  of t h e  l a c t a t e d  R i n g e r ' s  so lu t ion  to  w a s h  o u t  
t h e  f ixa t ive ,  u n f r o z e n  sect ions ,  a b o u t  40 t~m in  th i ckness ,  
were  c u t  on  a Sorva l l  t i s sue  sec t ioner .  T h e y  were  t h e n  
i n c u b a t e d  for  5 to  30 m i n  a t  e i t h e r  4°C, 22°C or  37°C 
in  t h e  Go ld f i she r ' s  m e d i u m  T as  modi f i ed  b y  H o P s u  e t  
al. 9, w h i c h  c o n t a i n s  p - n i t r o c a t e c h o l  su l fa te  (Sigma)  as 
s u b s t r a t e  (23 rnM) a n d  lead n i t r a t e  (48 m M )  as c a p t u r i n g  
r e a g e n t  in  0 . 1 M  v e r o n a l  a c e t a t e  buf fe r  (pH 5.5). H o P s u  
e t  al.9 r e c o m m e n d e d  b a r i u m  chlor ide  i n s t ead  of lead 
n i t r a t e  as t h e  c a p t u r i n g  r e a g e n t  b u t  we e m p l o y e d  lead 
n i t r a t e  to  avo id  t h e  t r e a t m e n t  w i t h  a m m o n i u m  sulf ide 
for  v i s u a l i z a t i o n  x°. I n c u b a t e d  sec t ions  were  w a s h e d  
t h o r o u g h l y  in  t h e  s a m e  bu f fe r  u n t i l  t h e  ye l lowish  s t a i n  
f rom t h e  i n c u b a t i o n  m e d i u m  was  p r a c t i c a l l y  r emoved .  
Th i s  was  fol lowed b y  r e f i x a t i o n  in  t h e  bu f f e red  g lu ta ra l -  
d e h y d e  for  a n  a d d i t i o n a l  30 min .  Af t e r  pos t - f i xa t ion  in  
buf fe red  2 %  o s m i u m  t e t r o x i d e  for  40 to  60 min ,  t h e  
sec t ions  were  d e h y d r a t e d  t h r o u g h  a g r a d e d  series of 
a lcohol  for  a t o t a l  of 60 rain.  Sec t ions  were  e m b e d d e d  
in E p o n  812 w i t h o u t  s t a i n i n g  a n d  t h e n  r e - e x a m i n e d  a f t e r  

s t a in ing  w i t h  lead h y d r o x i d e  (13 min)  a n d  u r a n y l  a c e t a t e  
(1 min)  to  e n h a n c e  t h e  c o n t r a s t  is. A n u m b e r  of sec t ions  
i n a c t i v a t e d  b y  h e a t i n g  for  3 m i n  or  i n c u b a t e d  in sub-  
s t rafe- f ree  m e d i u m  were  e x a m i n e d  as cont ro ls .  The  
o p t i m a l  resu l t s  were  o b t a i n e d  w i t h  sec t ions  i n c u b a t e d  
for 30 m i n  a t  22°C in  a m e d i u m  of p H  5.5. 

I n  a d d i t i o n  to loca l i za t ion  w i t h i n  t h e  lysosomes  reac-  
t i on  p r o d u c t  was  found in  t h e  space  b e t w e e n  t h e  i n n e r  
a n d  o u t e r  m e m b r a n e s  a n d  t h e  i n t r a c r i s t a l  space  of t h e  
m i t o c h o n d r i a .  E v e r y  m i t o c h o n d r i a  of t h e  cell  showed  
s imi la r  r eac t i ons  w i t h o u t  t h e  m a r k e d  heterogeneity 
(Figure 1) t h a t  is seen  w i t h  t h e  a c t i v i t y  of succinic  
d e h y d r o g e n a s e  le. A t  h i g h e r  m a g n i f i c a t i o n  (Figure  2) t h e  
depos i t  of lead p r e c i p i t a t e  in  t he  s u b m i t o c h o n d r i a l  space  
was n o t  un i fo rm.  A n  i r r egu la r  d i s t r i b u t i o n  p a t t e r n  of 
r e a c t i o n  p r o d u c t  in  t h e  i n t r a  c r i s t a l  space  is in  
c o m m o n  w i t h  t h a t  of  o t h e r  e n z y m e s  in m i t o c h o n d r i a .  
I t  m a y  re f lec t  t h e  f u n c t i o n a l  h e t e r o g e n e i t y  of t h e  sub-  
s t r u c t u r e  b u t  is more  p r o b a b l y  due  t o  such  f ac to r s  as  
t h e  i r r egu l a r  p e n e t r a t i o n  of t h e  i n c u b a t i o n  m e d i u m .  The  
r e l a t i o n  of t h e  r eac t i on  s i tes  to  t h e  m e m b r a n e  s t r u c t u r e  
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