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details. In  addi t ion  to typ ica l  lysosomes, the  react ion 
product  was observed in the  dis tended ends of the  Golgi 
saccules (Figures 2 and 3, arrow heads). Also it  was found 
in the  e longated vesicles which showed well  al igned 
f i laments  (Figures 2-4, arrows). 

The  collagen synthesis  occurs by  sequent ia l  steps 9. The  
e-chains of protocol lagen undergo hydroxy la t ion  ~ of 
cer ta in  prol ine a n d  lysine residues in the  cisternae of the  
E R  ~. F r o m  thence  they  are t ransferred to  the  Golgi 
complex  2-6. Before this  mater ia l  is secreted, a subst i tu-  
t ion of some of the  hydroxylys ine  residues takes  place 
wi th  galactose or glucosylgalactoseg. I t  has been shown 
tha t  ca rbohydra te  mater ia l  in associat ion with f i lamentous  
mater ia l  conta in ing labelled proline, occurs for the first 
t ime  in these Golgi vesicles 3. On this basis i t  has been 
suggested t h a t  the  subs t i tu t ion  occurs in the  Golgi com- 
plex. I t  has also been shown tha t  the  synthesis  of carbo- 
hydra te  components  of the  glycosaminoglycans,  a par t  of 
the  extracel lu lar  matr ix ,  occurs in the  Golgi complex,  
where it  is combined  wi th  the  proteinous components  and 
then  secretedL The acid phosphatase ,  seen present ly,  
occurs in vesicles conta in ing f i lamentous  mater ia l  and is 
present  concomi tan t  wi th  the  a l ignments  of the  fi laments.  
The funct ion of the  hydro ly t ic  enzyme is not  at  all 
apparent .  I t  m a y  be re la ted to the  subst i tut ion,  the  
synthesis  of ca rbohydra te  components  or even to the  
combina t ion  of the  ca rbohydra te  components  wi th  the  
prote inous  material ,  ment ioned  above. I t  m a y  even have  
something  to do wi th  the  a l ignment  of the  f i lamentous  
material .  

Acid phosphatase  is general ly  used as a marker  for 
o ther  hydro ly t ic  enzymes  1~ Tile procol lagen has an 

amino- te rmina l  ex ten t ion  which is c leaved off before it  
can polymerize  into na t ive  collagen fibrils. The cleavage 
has been shown to be an enzymat ic  process and involves  
an aminopept idase  9,11. On the basis of lack of conversion 
of procollagen into t ropocol lagen in ma t r ix  free f ibroblast  
suspensions, i t  has been suggested tha t  the  c leavage occurs 
extracel lular ly.  If  however,  the  presence of acid phospha-  
tase in the  Golgi vesicles concomi tan t  wi th  the  a l ignment  
of the  f i laments  is suggest ive of the  presence of an amino- 
peptidase,  then  it  seems reasonable to suggest t h a t  the 
cleavage is in i t ia ted in the  Golgi vesicles. I t  m a y  be 
poin ted  out  t ha t  aminopept idase  has to be of lysosomal 
origin and these organelles are produced in the  Golgi 
complex  12. 

Resumen. E1 complejo de Golgi de los osteablostos 
presenta  en la p rox imidad  de los ex t remos  dis tendidos de 
los s~culos f i lamentos  enrollados. En  las veslculas 
elongadas del complejo de Golgi se yen  f i lamentos  
ordenados en paralelo. E1 producto  de reacci6n de la 
fosfatasa ~cida ha  sido observado en los ext remos disten- 
didos asi como en las vesiculas elongadas. E1 significado 
funcional  de esta enzima no es claro. Puede  estar  rela- 
c ionada con la sintesis y secrecidn del col&geno o de 
otros componentes  de la mat r iz  extracelular .  
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Fig. 4. At higher magnification reaction product is seen together 
with discrete filaments in the elongated vesicles. • 51,790. 
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Ultrastructure of Distant Paired Homologues in 

The d is tan t  paral le l  pair ing of homologous chromo- 
somes at  la te  prophase  and metaphase-I ,  regular ly  present  
in oocytes  of harpact icoid  copepods, has received a t ten-  
t ion due to its possible signii icance in re la t ion to sex- 
de te rmina t ion  and format ion  of ch iasmata  (1V[ATSCHEK2, 
HJ~BERER 3,4, AR-RUSHDI 5, COLOMB]ERA a n d  LAZZARETTO- 
COLOMBERA6). However ,  no th ing  is known nor  has there  
been speculat ion concerning the  mechan ism responsible 

Oocyte of Tisbe holothuriae (Copepoda) 1 

for main ta in ing  the  pair ing of the  homologous chromo- 
somes in copepod oocyte  at  metaphase- I .  

On the  basis of 0STERGREN'S theory  7, i t  seems necessary 
to pos tu la te  the  presence of some cohesive forces be tween  
d is tant  paral le l  homologues,  since these chromosomes 
could not  otherwise a t t a in  and then  keep a metaphase  
configuration.  Since no s t ructure  which could account  for 
the  presence of such cohesive forces have  been i l ld ividuated 
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with the techniques of light microscopy, we investigate 
the possible occurrence of such hypothetical synaptic 
structure beyond the limit of the light microscope. 

The specimens of Tisbe holothuriae examined were the 
offspring of several ovigerous females collected in the 
Lagoon of Venice near Chioggia. Employing the usual 
methods (BATTAGLIAS), populations of Tisbe holothuriae 
have been reared in our laboratory. 10 ripe virgin females 
supplied material for squash preparations of chromo- 
somes, as described by COLOMBERA and LAZZARETTO- 
COLOMBERA 6 in i1972. O b s e r v a t i o n s  a n d  photos were  m a d e  
wittl the aid of a Zeiss phase-contrast microscope. In  
addition electron microscope (EM) preparations were 
made as follows: 10 ripe virgin females were fixed in 1.5% 
glutaraldehyde in sea-water pH 7.6 at 0~ for 2 h and 
post-fixed in 1% OsO 4. The material was then washed in 

sea-water, dehydrated with ethanol and embedded in 
Dew Epoxy Resin (LocKWOOD"). This sections were 
counterstained with lead citrate (REYNOLDS 10). 
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Fig. 1. Late prophase-I Chromosomes. Homologues are distant parallel paired. 
Fig, 2. ]Parallel paired homologues at metaphase-I, from polar view. 
Fig. 3. Distant paired homologues at metaphase-I from lateral view. The chromosomes are all V-shaped. 
Fig. 4. By E. M. a differentiated zone is clearly visible between the pairs of homologues. Lateral view of two couples of chromosomes. 
Fig. 5. Lateral view of chromosomes at metaphase-I at higher magnification. Some chromosomal extrusions are probably present (see arrows). 
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Results and discussion. A t  l a t e  p rophase - I ,  t h e  homolo-  
gous c h r o m o s o m e s  are  a l r eady  d i s t a n t  para l le l  pa i red  
(Figure  1). The  c h r o m o s o m e s  a p p e a r  as long single t h r e a d s  
of s l ight ly  i r regu la r  cross sect ion.  The  ends  are di f feren-  
t i a t e d  f rom the  r e s t  of t h e  c h r o m o s o m a l  b o d y  b y  v i r t u e  of 
t h e i r  t h i c k e r  r o u n d i s h  fo rm and  d a r k  aspect .  The  d i s t ances  
be tween  homologues  are  a b o u t  0.5 txm a n d  are  m i n i m a l  
a t  t he  c h r o m o s o m a l  ends  w h i c h  of ten  b e n d  t o w a r d  each  
o the r ;  t he re  is occas ional  c o n t a c t  b e t w e e n  ch r omosomes  
b y  m e a n s  of l a te ra l  ex t rus ions .  These  ch r om os om es  l a t e r  
become  ful ly s e p a r a t e d  before  t h e y  r each  t he  equa to r i a l  
p l ane  of t he  spindle.  I n  po la r  v iew (Figure 2), t he  m e t a -  
phase - I  ch romoso m es  a p p e a r  as doub le  r o d - s h a p e d  
bodies  w i t h  d a r k e r  r o u n d i s h  ex t r em i t i e s  a n d  a t h i n n e r  
pa le r  med ia l  zone. Some c h r o m o s o m e s  are s l igh t ly  b e n t  in  
the  med ia l  zone, so t h a t  t h e y  ex ib i t  a V- shaped  out l ine .  
There  is a n  op t ica l  vo id  b e t w e e n  homologues  so t h a t  t h e y  
are d i s t a n t l y  pa i red .  I n  l a te ra l  v iew (Figure 3), t he  
ch romosomes  a t  m e t a p h a s e - I  are c lear ly  s epa ra t ed  in to  
two homologous  groups,  one 'be low' ,  t h e  o t h e r  ' above '  t he  
e q u a t o r  of t he  spindle .  The  ave rage  d i s t ance  b e t w e e n  two  
homologues  is a b o u t  2-2.5 ~m. Again  some ch r omosomes  
a p p e a r  V- shaped  a n d  the re  is no  i n d i c a t i o n  of a n y  
s t r u c t u r e  b e t w e e n  homologues  in all  t h e  25 m e t a p h a s e - I  
p la tes  examined .  I n  l a te ra l  view, m e t a p h a s e - I  ch romo-  
somes (Figures  4 a n d  5) obse rved  b y  E M  a p p e a r  as 2 
r o u n d i s h  masses  connec t ed  b y  a t h i n n e r  m e d i a l  zone. 
I n  some cases, ex t rus ions  of c h r o m o s o m a l  bodies  seem to  
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occur  f rom the  d i s ta l  p a r t  of homologues  (Figure  5). 
Oocyte  nuclei  of T. holothuriae a t  m e t a p h a s e - I  are  charac-  
t e r i s t i c  for t h e  presence,  b e t w e e n  a n d  only  be tween  t he  
homologues ,  of a zone (Figures 4 a n d  5) a b o u t  0.6 ~m 
wide, well  d i f f e ren t i a t ed  f rom the  o t h e r  nuc lea r  com- 
p o n e n t  because  i t  appea r s  to  be  homogeneous ly  packed  b y  
convo lu t ed  a n d  r a n d o m l y  a r r a n g e d  f ibr i ls ;  i t  shows a 
lower a f f in i ty  for s t a in  a n d  i t  does n o t  undergo  losses of 
m a t e r i a l  d u r i n g  the  f i xa t ion  of t he  mater ia l .  

W i t h  th i s  research  we h a v e  conf i rmed  once more  t he  
d i s t a n t  para l le l  pa i r ing  of homologues  a t  m e t a p h a s e - I  
in the  genus  Tisbe (COLOMBERA and  LAZZARETTO- 
COLOMBERA6; LAZZARETTo-CoLOMBERA 11) a n d  in o the r  
copepods  (MATSCHECK 2 ; HEBERER 3, 4 ; AR- I~usHDI  5). 

])ARLINGTON lZ and  BAUER 13 held  the  v iew t h a t  associa- 
t i on  of meiot ic  homologues  in Dip te ra ,  usua l ly  d i s t a n t l y  
paired,  is due to  t he  forces of somat i c  pa i r ing .  Unfor -  
t u n a t e l y  th i s  hypo thes i s  is no t  e x p l a n a t o r y  since t he  
p h e n o m e n o n  of somat i c  pa i r ing  appea r s  sti l l  to  be  a n  
open  q u e s t i o n  (CoLOMBERA 14). COOPER 15 suggests  t h a t  t he  
m e m b e r s  of a b i v a l e n t  are ho ld  t o g e t h e r  a t  m e t a p h a s e - I  
b y  res idua l  ch romosomes  ex t rus ions  or sp indle  e lements ,  
despi te  t he  op t ica l  vo id  p re sen t  be tween  homologues .  

I n  our  opinion,  t he  pecul ia r  u l t r a s t r u c t u r e  i n d i v i d u a t e d  
b e t w e e n  t he  2 p a r t n e r s  of a m e t a p h a s e - I  b i v a l e n t s  in  
oocyte  of Tisbe holothuriae, so far  ignored  for o t h e r  
species, is s t rong ly  suspec t  of ac t ing  as ' s y n a p t i c '  b o d y  
b e t w e e n  homologues ,  as far  as Copepods  are concerned.  

Riassunto. A b b i a m o  e s a m i n a t o  l ' a p p a i a m e n t o  a dis- 
t a n z a  dei 12 c romosomi  omologhi  he l l s  t a r d a  profase  e 
me ta fa se  ovoc i t a r i a  in  Tisbe holothuriae e v i d e n z i a n d o  u n a  
u l t r a s t r u t t u r a  non  p r i m a  desc r i t t a  in l e t t e r a t u r a .  
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Induct ion of Skeletal  Mal format ions  in Organ Cultures of Mouse  L imb Buds  

The  d e t e r m i n a t i o n  of t he  effects  of t e r a togen ic  sub-  
s tances  is comp l i ca t ed  b y  t he  ex is tence  of t h r ee  c o m p a r t -  
m e n t s  in  t he  m o t h e r  a n i m a l :  a) t he  m o t he r ,  b) t h e  pla-  
cen ta ,  a n d  c) t he  embryo .  T h e y  possess d i f f e ren t  d i s t r ibu -  
t i on  .spaces, d i f fe ren t  p h a r m a c o - k i n e t i c  condi t ions ,  a n d  
are s e p a r a t e d  b y  m e m b r a n e  barr iers .  For  th i s  reason,  
t i ssue  cul tures ,  a n d  in p a r t i c u l a r  o rgan  cu l tu res  w i t h  a 
h igh  degree of d i f fe ren t ia t ion ,  can  be e x t r e m e l y  useful  for 
d e t e r m i n i n g  t e ra togen ic  effects  a n d  modes  of ac t ion  as 
well  as dosage-effect  r e la t ionsh ips .  I n  v i t ro  t echn iques  
Mso maize i t  poss ible  to  work  w i t h  h u m a n  ma te r i a l  1. 
U n t i l  now, however ,  on ly  ADELOTTE a n d  KOCHHAR2; 
KOCHHAR a'* a n d  NEUBERT et  al. s succeeded in p roduc ing  in 
v i t ro  m a l f o r m a t i o n s  c o m p a r a b l e  to  t yp i ca l  ske le ta l  
ma l fo rma t ions .  

I n  our  inves t iga t ions ,  us ing  th i s  t echn ique ,  we were able,  
a f t e r  t r e a t m e n t  w i t h  a c t i n o m y c i n - D ,  to  p roduce  in v i t r o  
ske le ta l  m a l f o r m a t i o n  wh ich  could be descr ibed as 
phocomel i a s  or dysmel ias .  This  s u b s t a n c e  does p roduce  
m a l f o r m a t i o n s  w h e n  a d m i n i s t e r e d  to  t e s t  an ima l s  ear ly  in  
p r e g n a n c y  ~-10. Af te r  t he  b e g i n n i n g  of p l a c e n t a  func t ion-  
ing, however ,  i t  c a n n o t  pass  t h e  p l a c e n t a l  ba r r i e r  11. 

Material and methods. On day  11, t he  u p p e r  l i m b  buds  
of N M R I - m i c e  e m b r y o s  were r e m o v e d  and  p u t  in to  a 
modi f ied  Trowel l -cu l tu re  12. The  l imb  b u d s  were d iv ided  
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