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N ' a y a n t  pa s  6 tud i6  de  Ch61oniens,  il nous  es t  6v idem-  
m e n t  imposs ib l e  de  n ie r  a priori les a f f i r m a t i o n s  des  cy to -  
logistes j a p o n a i s .  C e p e n d a n t ,  ceux-c i  a y a n t  c o m m i s  une  
er reur  d a n s  le cas  du  L 6 z a r d  v iv ipa re ,  ma t6 r i e l  r e l a t ive -  
m e n t  facile, il n ' e s t  pa s  exc lu  que  chez  les Tor tues ,  d e n t  
le t y p e  c i n ~ t i q u e  es t  b e a u c o u p  p lus  eomplexe ,  ils se 
soient  t r o m p 6 s  d a n s  Ie c o m p t e  des  m i c r o c h r o m o s o m e s .  
Une d i scuss ion  ~t ce s u i e t  t r o u v e r a  p lace  darts  la seconde  
par t i e  de nos  r eche rches ,  consac r6e  a u x  Oiseaux.  

R.  MATTHEY et  J .  M. VAN BRINK 

Laboratoire de zoologic, Universitd de Lausanne et Ins- [ , ~ ~ . ~ 2 ~  
titut de gdndtique, Universitd d'Utrecht, le 27 novembre l: = -":-..i \'~.". :"] 
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S~mmary  

In  c o n t r a d i c t i o n  to  some  J a p a n e s e  a u t h o r s  (OGu,x~A, 1 
MAKINO, NAKAMURA), we are  u n a b l e  to  f ind  a n y  diffe- a 
rence in t h e  c h r o m o s o m e  se ts  of t he  m a l e  a n d  female  of 
Lacerta vivipara (2N = 36). I n  a s a u r i a n ,  w h e r e  t he  ana -  / /  " X  
lysis is v e r y  ea sy  (Chamaeleon bitaeniatus), t h e r e  are,  
w i t h o u t  t h e  s m a l l e s t  d o u b t ,  24 c h r o m o s o m e s  in  b o t h  
sexes (20M + 4 m). The  ev idence  of a f ema le  he t e ro -  
g a m e t y  in t u r t l e s  is b y  no  m e a n s  sa t i s fy ing .  

The M i t o c h o n d r i a l  P a t t e r n  in the  D e v e l o p m e n t  
of  the A s c i d i a n  E g g  

( 1 ) - J a n u s  g reen  ha s  been ,  for  a long  t ime ,  c o n s i d e r e d  
a v i t a l  s t a i n  speci f ic  for  t h e  m i t o c h o n d r i a .  R e c e n t  in- 
v e s t i g a t i o n s  seem to  h a v e  p r o d u c e d  p l aus ib I e  e v i d e n c e  
to exp la in  s u c h  a spec i f i c i ty :  t h e  m i t o c h o n d r i a  a re  in-  
deed s u p p o s e d  t o  be  t h e  s ea t  of m a n y  enzymes ,  p a r t -  
icular ly  t h e  c y t o c h r o m e - o x i d a s e ,  w i t h  w h i c h  J a n u s  green  
chemica l ly  r eac t s .  

f a c i l i t a t ed  in eggs w h i c h  h a v e  b e e n  d e p r i v e d ,  m e c h a n i -  
ca l ly  or  chemica l ly ,  of t h e i r  t w o  m e m b r a n e s :  t h e  chor ia l  
one, w i t h  fol l icular  cells, a n d  t h e  i n n e r  one, w h i c h  is v e r y  
t h i n  a n d  closely a d h e r i n g  to  t h e  egg;  in  t h e  space  be- 
t w e e n  t h e  t w o  m e m b r a n e s  t h e r e  a re  n u m e r o u s  t e s t a l  cells. 
J a n u s  g reen  co lours  t h e  fo l l icular  cells pu rp l e ,  t h e  t e s t a l  
cells b lue  a n d  t h e  egg green.  I m p o r t a n t  d i f f e rences  a re  
o b s e r v e d  in t h e  egg before  a n d  a f t e r  f e r t i l i za t ion .  
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As J a n u s  g reen  in v e r y  d i l u t e d  so lu t i ons  is n o t  tox ic  
for t h e  cell, i t  c a n  be  v e r y  p r o f i t a b l y  used  t o  follow t h e  / ( ~ . k , ~  
mod i f i ca t ion  a n d  d i s t r i b u t i o n  of t h e  m i t o c h o n d r i a  in  t h e  ~ ' > 3 ~ , ~  
deve lop ing  egg. ~ . . . ~  ' ~ - /  

I n  t h e  Asc id i an  egg, t h e  d i s t r i b u t i o n  of m i t o c h o n d r i a  
in specific cells d u r i n g  t h e  e m b r y o n i c  d e v e l o p m e n t  has  
been desc r ibed  b y  DUESBERG ~. DUESBERG showed  t h a t  I0 
t he  m i t o c h o n d r i a  of Ciona follow, in  t h e i r  d i s t r i b u t i o n  
and  segrega t ion ,  t h e  s a m e  p a t t e r n  as t he  yel low p i g m e n t  
descr ibed b y  COrrKLINS in Styela, 

J a n u s  g reen  h a s  b e e n  used  v e r y  l i t t l e  to  s t u d y  t he  
d i f fe ren t ia l  d i s t r i b u t i o n  of m i t o c h o n d r i a  in d i f f e ren t  
k inds  of eggs or in t h e  Asc id i an  egg itself.  On ly  CrlILD ~ 
recen t ly  used  i t  in Clavelina egg, in  t h e  l eucobase  fo rm 
af ter  t he  r e d u c t i o n  w i th  s o d i u m  hydrosu l f i t e ,  showing  
the  ex i s t ence  of o x i d e - r e d u c t i o n  g r a d i e n t s  or  pecu l i a r  
o x i d e - r e d u c t i o n  p a t t e r n s .  

The  p r e s e n t  w o r k  will be  a n  i n t r o d u c t i o n  to  more  
ex t ens ive  r e s e a r c h  on  t h e  s eg rega t i on  of  t h e  m i t o c h o n -  
dr ia  in  t h e  d i f f e r e n t  cells  of a d e v e l o p i n g  e m b r y o ,  a n d  
on  t he  rSle of m i t o c h o n d r i a  in  t h e  processes  of e m b r y o n i c  
d i f f e r en t i a t i on  a n d  i n d u c t i o n .  

(2)--Phalhtsia mamillata eggs were  used  as m a t e r i a l  
for t he  p r e s e n t  r e sea rch .  T h e y  a re  glass-clear ,  b u t  a n  
a c c u r a t e  o b s e r v a t i o n  r evea l s  in  t h e  fe r t i l ized  egg t h e  
yellow c rescen t ,  w h i c h  was  de sc r ibed  b y  CONKLIN ~ in 
Slyela. T h e  Phallusia egg is t h e r e f o r e  v e r y  su i t ab l e  for  
t r e a t m e n t  w i t h  v i t a l  dyes.  T h e  o b s e r v a t i o n  is g r e a t l y  

1 j .  DUESBERG, BUll. Acad. roy. Belgique .5, 46a (191a). 
2 E. G. CONrZLIN, J. Aead. nat. Sci. Philadelphia 13 ,  1 (1905). 
a C. M. CmLD, Physiol, Zool. 2~, ass  (1951). 

11 

@ 
3 

6 

9 

@ 
12 

Figs. 1-12.--l)eveloping egg of P h a l l u s i a ,  after staining with Janus 
green (see the text), a . .  a n i m a l  pole; v = vegetal pole. 

The  unfer t i l i zed  egg possesses  a t  t h e  a n i m a l  p o l e -  w h i c h  
can  t h u s  be v e r y  eas i ly  d e t e r m i n e d  a sma l l  r e f r i n g e n t  
spot ,  c o r r e s p o n d i n g  to  t h e  f i rs t  m e t a p h a s i c  f igu re :  t h e  
nuc l ea r  sap  of t h e  b r o k e n  g e r m i n a l  ves ic le  is s p r e a d  all 
ove r  th i s  a n i m a l  zone. Th i s  zone does  n o t  t a k e  u p  a n y  
colour  w i t h  J a n u s  g reen :  t h e  r e s t  of t h e  egg, w h i c h  
c o n t a i n s  v i t e l l ine  g r a n u  les a n d  p i g m e n t  g r a n  u les is o n  t h e  
c o n t r a r y  co loured  green.  T h e  two  zones  a re  v e r y  s h a r p l y  se- 
p a r a t e d  b y  a c i r cu l a r  l ine  of i n t e n s i v e l y  co loured  g r a n u l e s  
or  dots ,  wh ich  a re  s i t u a t e d  s u b e o r t i c a l l y  (Fig. 1). T h e  
c i r cu l a r  l ine  is n o t  e v e n :  i t  is r a t h e r  s inuous ,  w i t h  s l i g h t  
d i f fe rences  in  d i f f e ren t  eggs. A n  a c c u r a t e  s e a r c h  for  
ev idence  of t h e  ex i s t ence  of a b i l a t e r a l  o r g a n i z a t i o n  of 
t h e  egg f rom t h e  s i n o u s i t y  of t h e  l ine d id  n o t  g ive  
p o s i t i v e  resul ts .  CHILD ~ was  also u n a b l e  to  f ind  e v i d e n c e  
of such  a n  o r g a n i z a t i o n  w i t h  o x i d e - r e d u c t i o n  i n d i c a t o r s  
in t h e  unfe r t i l i zed  Clavelina egg. 

T h e  a s p e c t  of t h e  egg c h a n g e s  c o m p l e t e l y  a f t e r  t h e  
f e r t i l i z a t i on :  t h e  egg g r a d u a l l y  b e c o m e s  c learer ,  owing  
to a m i g r a t i o n  of t h e  g reen  pa r t i c l e s  t o w a r d s  t h e  v e g e t a l  
pole :  t h e  m i g r a t i o n  is v e r y  p e r c e p t i b l e  to  t h e  eye;  i t  
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would be very  useful to analyse it by  cinematography.  
As a consequence of such a migration, the vegetal  pole 
becomes intensively green (Fig. 2). Observing the egg 
from the vegetal  pole, one can distinguish a mass of 
intersecting green filaments (Fig. 3) which seem to be 
consti tuted by a peculiar aggregation of mitochondria.  

Before the expulsion of the first polar body the spheric 
shape of the egg changes; the morphological modifica- 
tions are continuous, especially at  the vegetal  pole, 
where a lobe appears, which makes the egg pyriform or 
obtongated. I t  reabsorbs rapidly after its appearance. 
I t  is difficult to say what  is the meaning of such a lobe; 
it recalls the vitelline lobe of an egg of Chaetopterus or 
Myzostoma. What  is impor tant  is tha t  the lobe contains 
the whole green mass of mitochondria (Fig. 4).' After  the 
reabsorption of the lobe, the mass of mitochondria  
becomes located, no longer in the vegetal  pole, but  sub- 
equatorially.  I t  looks like transverse green stripes, which 
are the equivalent  of the yellow crescent of CONKLIN. The 
localization of the green mass is sharply subcortical, 

The first plan of segmentation divides the transverse 
mitochondrial  stripes into two parts and distributes each 
of tkem in a cell (Fig. 5) ; the second plan of segmentat ion 
segregates the green mass of mitochondria into the two 
posterior cells (Fig. 6); and the third one in the two 
vegetal  posterior blastomeres (Fig. 7). I t  is well known 
tha t  these blastomeres contain all the mesoplasm and a 
par t  of the endoplasm. 

I t  would be deceptive to imagine tha t  all the mito- 
chondria of the egg are segregated only in the two poste- 
rior vegetal  blastomeres of the 8-cell stage; in fact, sparse 
green granules can be perceived in the plasm of the 
other  blastomeres. That  is very  evident  in the stages 
which precede the segmentations,  because at tha t  t ime 
the mitochondria "or ien t"  themselves in the form of 
astral rays around the clear area of the broken nuclei 
(el. Fig. 6). 

The segregation of the mitochondria in part icular  cells 
becomes stricter with the followingsegmentations (Fig. 8) ; 
gradually the mitochondria  become segregated in the 
prospective muscle cells. The 64-cell stage shows an in- 
tense green coloration in the exterior  ring of cells of the 
vegetal posterior par t  (Fig. 9), which is demonstra ted by 
ORTOLANI 4 to give rise only to the muscle cells; the A7-6 
cells, whose fate is not  yet  ascertained, do not  stain. At  
the gastrula stage the vi ta l  coloration is l imited to the 
lateral  lips of the blastopore (Fig. 10) ; a t  the early tail- 
bud stage two lateral stripes in the posterior par t  of the 
embryo are coloured (Fig. 11), corresponding to the 

• muscle cells. In  the tadpole only the muscles result  dif- 
ferentially coloured (Fig. 12). 

I t  is of course possible to follow all these aspects de- 
scribed in the same egg. since diluted solutions of Janus  
green are not  toxic for its development.  

(3)--As indicated above, CHILD ~, using reduced Janus  
green, came to the conclusion tha t  in the Clavelina egg 
there is an oxido-reduction pat tern  and a gradient 
whose max imum should be at  the animal pole. CHILD did 
not seem to realize the meaning of such a pat tern  in the 
egg of Ascidians, because he did not  relate it  to the se- 
gregation of mitochondria and of the oxidat ive enzymes 
contained in them. In any case it must  be said tha t  there 
is no gradient in the uncleaved egg; the Figure 9 in 
CHILD'S paper represents an egg before the fertilization, 
which was treated with oxido-reduction agents:  CHILD 
was not able to give the orientat ion of the egg, but  my 
observations show tha t  the more densely dot ted par t  of 
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t~ie egg corresponds to the vegetal  pole, not  to the animal 
one. On the other  hand there is a perfect agreement  be- 
tween my observations and the Figures reported by 
CHILD: only they  are not  in favour of the existence of 
a gradient.  Tha t  can be deduced also from Figure 10 of 
CHILD'S paper, where a fertilized egg is represented, after 
t r ea tment  with the oxido-rednction agents:  in the ~"igure, 
by my interpretat ion,  the mitochondria  are still migrat-  
ing towards the vegetal  pole, where they  have already 
formed a mass. Here no question of the existence of a 
gradient can be raised. 

(4)--What I have described above is the pa t te rn  of 
mitochondria along the development  of Phallusia. This 
pa t te rn  is achieved by their  gradual segregation along 
the lineage of the muscle cells. Muscle cells are related 
to the movement  of the tail of the tadpoles, and every 
movemen t  requires energy. The problem of energy is 
connected, al though not  exclusively, with some mito- 
chondrial enzymes. In relation to the existence of oxi- 
dat ive  enzymes in the mitochondria  of the Ascidian egg, 
there are at  present not  many  data. My research using 
some specific substances which block the ac t iv i ty  of 
certain enzymes shows tha t  in some mitochondria at 
least the cytcchrome-oxidase,  the succino-dehydrogenase 
and probably the benzidine-peroxidase are localized. The 
question of the existence of qual i ta t ively  different mito- 
chondria, and the question of their  qual i ta t ive  segrega- 
tion in different blastomeres, whose determinat ion they 
possibly influence, is again raised by this research. 

This idea was present in the minds of the early cyto- 
logists such as  MEVES 5, REGAUD, 6 a n d  DUESBERG 1. Let  
us recall what  DUESBERG wrote:  

~ Je  suis tent6 d ' admet t re  qu' i l  y a u n e  r6partit ion 
qua l i t a t ivement  in4gale des plastosomes, et cet te  r6- 
par t i t ion qua l i t a t ivement  in,gale me parai t  devoir 
~tre le r6sultat d 'une diff6rentiation plus ou moins 
pr6coce des plas tosomes. . .  On peut  d~s lors se figurer 
avec MEVES que dans les ceufs dou4s d 'un  pouvoir  r4- 
gulateur,  les plastosomes persistent pendant  une 
partie du d6veloppement  ~ l '6 tat  indiff6rent et don- 
nent  aux blastombres une potential i t6 totale, tandis 
que dans les ceufs ~ mosaique la diff4rentiation se 
produit  imm4dia tement  apr6s la f4condation, de telle 
sorte que chaque blastombre regoive des mat6riaux 
diff6rents.,> 

G.  REVERBERI 

Zoological Institute, University o/Palermo, November 6, 
7955. 

Riassunto 

Con il verde Janus  8 s ta ta  seguita la distribuzione dei 
mitocondri  lungo lo sviluppo del l 'uovo di Ascidie. I mito- 
condri hanno una distribuzione diffusa nel l 'uovo ver- 
gine: ma dopo la fecondazione sono t raspor ta t i  al polo 
vegeta t ivo  del l 'uovo e successivamente nella porzione 
subequatoriale dorsale. Vengono poi gradualmente  segre- 
gad  nelle cellule della linea muscolare. Sono queste 
anche le cellule pifl ricche in citocromoossidasi, e che 
presentano un 'a t t iv i t~  ossido-ridutt iva pifl intensa. 

F. MErEs, Arch. mikr. Anat. 82, 215 (1913). 
6 CL. REGAUD (quoted by MEVES). 

4 G. ORTOLANI, Exper. 11, 445 (1955). 


