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some mi tochondr i a  were found to  be a r ranged  in a disor- 
der ly  m a n n e r  in the  hea r t  muscle.  A marked  a l te ra t ion  
of mi tochondr i a  in the  hea r t  was observed 7 rain af ter  
hypoxia .  F r o m  a popu la t ion  of 780 mi tochondr ia ,  30% 
had  grea t ly  increased in size and were swollen, 4% of 
t h e m  were small  bodies  or degenera ted  mi tochondr ia ,  and  
25% had  fused together .  1% of t he  sample  was huge  
mi tochondr i a  wi th  f loat ing cristae or mi tochondr i a  forming 
an e longated  g iant  s t ruc tu re  of abou t  6 to  7 sarcomere  in 
l eng th  (Figure 1). Mi tochondr ia  in the  early s tages of 
fusion formed a 'g ian t  s t ruc tu re '  of d i f ferent  shapes  
as i l lus t ra ted  in Figure  2 and  3. Nar row channels  or 
br idges  were seen along the  border  of the  adjoin ing mi to-  
chondr ia ;  the  in ter ior  pa r t s  of the  organelles had  a l ready 
been  fused in some instances.  This  p h e n o m e n o n  is prob-  

ably  due to the  inhe ren t  p ro p e r t y  of mi tochondr ia l  s t ruc-  
tu ra l  p ro te in  to re form hyd rophob ic  surfaces af ter  r u p t u r e  
of the  mi tochondr ia l  membrane .  Some of the  mi tochondr i a  
con ta ined  clear matr ices  as well as d i s rup ted  cristae. The  
fo rma t ion  of vacuoles in t he  m y o p l a s m  was occasionally 
observed.  

Fig. 1,.2 and 3. Electron micrographs were taken from right ven- 
tricles of isolated rat heart 7 rain after hypoxia illustrating fusion 
of mitoehondria. • 26,000. 

Fig. 3. Mitoehoadria were in different stages of fusion to form giant 
structures of different shapes. 

Fig. 1. A rod shaped mitochondrion ran parallel to the course of 
the myofibrils through 6 or 7 sareomeres. 

Zusammen/assung. Herzen  gesunder,  e rwachsener  Ra t -  
t en  wurden  mi t  Krebs -Hense le i t -B ika rbona t l6sung  durch-  
s t r 6 mt  (95% O2: 5% CO2); Bet ki inst l ich herbeigef i ihr ter  
Hypox ie  (95% N2:5% CO2) erschienen die Herzmi tochon-  
dr ien innerha lb  yon  7 mill bedeu t end  vergr6sser t  und  zu 
25% mi t e inande r  versctamolzen. 
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Fig. 2. A mitochondrion ran through 3 sarcomeres (arrow). 
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O b s e r v a t i o n  o n  t h e  M e t a m o r p h o s i s  of  L a r v a e  of  Ascidia malaca in  S e a  W a t e r  D e v o i d  of  SO~ I o n s  

Previous  inves t iga t ions  carried ou t  on embryos  of 
Ascidiaceae (Ciona intestinalis L., Ascidia malaca and  
Phallusia mamillata) allowed to  develop in sea wa te r  
devoid  of SO~ ions led to the  deve lopmen t  of larvae wi th  
marked  abnormal i t ies  solely affect ing the  tails which  
were shor te r  t h a n  normal  and  exhib i ted  anomalous  
muscle  cells 1. Subsequen t  cy tochemica l  and  autoradio-  
graphic  s tudies  led to the  conclusion t h a t  t h e  anomal ies  
seen in t h e  muscle  cells of t he  tai ls  were p robab ly  the  
consequence  of a disorder  of pro te in  synthes is  2-~. 

P re l imina ry  s tudies  carr ied out  af ter  me tamorphos i s  
had  revealed changes  of the  morphogenes is  of t he  adhesive  
papil lae in Ascidia malaca 5. In  the  p resen t  article, a 
repor t  is given of the  results  of fu r ther  expe r imen t s  
carr ied out  dur ing and  af ter  me tamorphos i s  in embryos  
of A. malaca. 

The embryos  were allowed to develop in o rd inary  sea 
water ,  artificial  sea wa te r  and SO~-free sea water ,  using 
the  m e t h o d s  previous ly  described1;  some of the  embryos  
were p h o t o g r a p h e d  in vivo.  In  one exper iment ,  groups  
of larvae  developed in normal  sea wa te r  or in art if icial  
sea wa te r  to which  25 btC of ~5SO4 was  added  10-12 h 
af ter  ha t ch ing ;  af ter  30 rain, these  larvae  were washed  
repea ted ly  in sea wa te r  and  were t h e n  t r ea ted  wi th  Nile 
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blue  b y  t he  m e t h o d  of NUMAKUNAI, ISHIKAWA a n d  
HIRAI s to  acce lera te  me t amorphos i s .  3 h a f t e r  t he  addi-  
t i o n  of Nile b lue  t h e  l a rvae  were fixed, some in Bo u i n ' s  
fluid, o the r s  in  Zenke r  formol.  Sect ions  of l a rvae  f ixed in 
Bou in ' s  f luid and  i m b e d d e d  in pa ra f f in  were  t h e n  sub-  
j ec ted  to  a u t o r a d i o g r a p h i c  tes ts ,  us ing  K o d a k  N T B  2 
emuls ion% 

O t h e r  sect ions  of l a rvae  f ixed in Zenke r  were sub jec t ed  
to t he  fol lowing t e s t s  f o r  mucopo lysaccha r ide s :  P A S ;  
a lc ian  b lue -PASS;  to lu id ine  b lue  buf fe red  to  g r a d u a t e d  
p H  values  w i t h  a c o n s t a n t  d i lu t ion  of 1 :5000;  h igh  i ron  
d i amine -a l c i an  blue% (a) The  con t ro l  e m b r y o s  exh ib i t ed  
n o r m a l  nae tamorphos is ,  w i th  a b s o r p t i o n  of t he  taf t  a n d  
a p p e a r a n c e  in t h e  t r u n k  region of t h e  adhes ive  papi l lae  
(Figure  1). T h e  e m b r y o s  t r e a t e d  w i t h  Nile b lue  showed  
g rea t ly  acce le ra ted  m e t a m o r p h o s i s ,  in  a g r e e m e n t  w i t h  
t h e  o b s e r v a t i o n s  of NUMAKUNAI et  al. ~. (b) The  e m b r y o s  
deve loped  in su lpha te - f ree  sea  w a t e r  showed  r a t h e r  
i r r egu la r  a n d  incomple t e  a b s o r p t i o n  of t h e  t a i l ;  t h e  
adhes ive  pap i l l ae  a t  t he  t r u n k  fai led to deve lop  (Figure  2). 
(c) The  c y t o c h e m i c a l  t es t s  for mucopo lysaccha r ide s  in 
n o r m a l  l a rvae  gave  pos i t ive  resu l t s  w i t h  a lc ian  blue,  w i t h  
to lu id ine  b lue  a n d  w i t h  t he  h igh  i ron d i amine -a l c i an  b lue  

t e s t  in  t h e  fes ta l  m e m b r a n e  a n d  t h e  adhes ive  papi l lae ,  
s u p p o r t i n g  t h e  c o n t e n t i o n  t h a t  these  s t r u c t u r e s  co n t a in  
s u l p h a t e d  acid mucopo lysaccha r ide s  as well  as sialo- 
mucins .  

T h e  u p t a k e  of a5SO4 was p a r t i c u l a r l y  m a r k e d  on ly  in 
t h e  adhes ive  pap i l l ae  (Figure  3). 

T h e  f ind ings  show t h a t  in  t h e  course of t h e  m e t a m o r -  
phos is  of A scidia malaca, absence  of SO~ ions leads  to  
a r r e s t  of t h e  m e t a m o r p h o s i s  of such  s t r u c t u r e s  as t h e  
adhes ive  papi l lae  (which n o r m a l l y  b e c o m e  d i f f e ren t i a t ed  
in t h e  t r u n k  du r ing  th i s  period),  t h e  absence  of th i s  ion 
also l ead ing  to  d isorders  of t h e  n o r m a l  a b s o r p t i o n  of t he  
s t r u c t u r e s  of t h e  tail .  

The  resul t s  of t h e  a b o v e - m e n t i o n e d  cy t o ch emi ca l  and  
a u t o r a d i o g r a p h i c  t e s t s  (which revea led  t h e  p resence  of 
s u l p h a t e d  acid mucopo lysaccha r ide s  in  t h e  adhes ive  
papil lae)  an d  t h e  resu l t s  of ear l ier  s tudies ,  wh ich  revea led  
a d i sorder  of t h e  u p t a k e  of H~-pheny la l an ine  in l a rvae  
a l lowed to deve lop  in  sea w a t e r  devo id  of SO~ ions 4, 
sugges t  t h a t  t h e  above  a b n o r m a l i t i e s  obse rved  d u r i n g  
t h e  m e t a m o r p h o s i s  m a y  be  due  to  a d i sorder  of m e t a -  
bo l i sm of t h e  s u l p h a t e d  acid mucopo lysaccha r ide s  and  
of p ro t e i n  synthes is .  

Fig. 1. Ascidia malaca. Larva developed in artificial sea water, after 
metamorphosis and photographed in vivo. The presence of adhesive 
papillae on the trunk, indicated by arrows, can be observed. • 120. 

Fig. 3. Ascidia malaca. Larva developed in artificial sea water after 
metamorphosis. 35SOa. Bouin. Autoradiography. An elective incor- 
poration in the adhesive papillae on the trunk, indicated by arrows, 
can be seen. • 280. 

Riassunto. Viene  c o n d o t t o  uno  s tud io  su la rve  di 
Ascidia malaca d u r a n t e  la m e t a m o r f o s i  in  a c q u a  di  ma re  
p r i v a  di  ioni  SO~. Si r i s c o n t r a  a r re s to  del d i f ferenzia-  
m e n t o  delle papi l le  ades ive  p r e sen t i  neI t ronco .  
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Fig. 2. Ascidia malaca. Larva developed in artificial sea water 
devoid of SO~ ions, after metamorphosis and photographed in vivo. 
Same stage as larva in Figure 1. No differentiation of adhesive papil- 
lae on the trunk, x 120. 
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