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anoxia .  Th i s  fac t  appea r s  to  a ccoun t  for t he  ex t race l lu la r  
specific f luorescence in l iver,  s ince in t he  s t u d y  of l iver  
p r e p a r a t i o n s  m a d e  in b iopsy  t he  p r inc ipa l  specific f luores -  
cence is de t ec t ed  in t race l lu la r ly .  However ,  even  in t h e  
s t u d y  of t h e  l iver  of the  m a n  kil led in accident ,  2 h a f t e r  
d e a t h  we were able  to  de tec t  in t r ace l lu la r  specific f luor-  
escence. 

I n  l iver  p r e p a r a t i o n s  (biopsy) f rom p a t i e n t s  w i t h  Wi l son  
disease,  specific f luorescence was de tec ted  in less t h a n  
5 % of all  ceils, whereas  in  l iver  p r e p a r a t i o n s  f rom p a t i e n t s  
w i t h  non -congen i t a l  l i ve r  d isorders  i t  was  obse rved  in 
more  t h a n  70% of cells. S l ight  f luorescence in l iver  
p r e p a r a t i o n s  in  Wi l son  disease is a d i rec t  ev idence  of 
a l m o s t  en t i re  absence  of ce ru lop lasmin  syn thes i s  in  these  
pa t i en t s .  

A lmos t  en t i re  absence  of specific f luorescence in l iver  
ceils in  Wi l son  disease conf i rms  t he  idea t h a t  in  Wi l son  

disease t he re  is gene t ica l ly  d e t e r m i n e d  inh ib i t i on  of 
ce ru lop la smin  synthes is ,  
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The Caryotype of Some Teleostea Fish Obtained 

Not  a g rea t  deal  is k n o w n  a b o u t  t he  f ish ca ryo logy ;  
on ly  r ecen t ly  some q u a l i t a t i v e l y  s ign i f ican t  resul t s  h a v e  
been  o b t a i n e d  b y  us ing  t he  s q u a s h  t e c h n i q u e  1,2. 

Recent ly ,  t h r o u g h  t i ssue  cu l tu re  in  vi t ro ,  a t r e m e n d o u s  
increase  of knowledge  has  become  ava i l ab le  as regards  
the  c a r y o t y p e  of m a m m a l s  and  o t h e r  h ighe r  ve r t eb ra t e s .  

I t  is l ikely t h a t  these  me thods ,  if ex t ens ive ly  app l ied  
to  t he  super  o rder  of Teleostea,  as we foresee, will con- 
t r i b u t e  t owards  a so lu t ion  of t he  n u m e r o u s  and  complex  
p rob l ems  of t he  sys t ema t i c s  and  phylogenes is  of th i s  
g roup  of ve r t eb ra t e s .  

Af te r  mod i fy ing  t he  in v i t ro  cu l tu re  t e c h n i q u e  used for 
m a m m a l s ,  we were able  to  app ly  i t  to  t he  f ish t i ssues  3. 

This  no te  refers to  t he  c a r y o t y p e  of some of t he  com- 
m o n e s t  Te leos tea  which  were used in our  p r e l i m i n a r y  
expe r imen t s .  I n  t h e  m a j o r i t y  of p la tes  p r e p a r e d  b y  us 
f rom fish t issues,  ch romosomes  appea red  sho r t e r  an d  
t h i n n e r  t h a n  those  of m a m m a l s  (Figure 3). 

The  sizes of ch romosomes  of Carassius auratus, for 
example ,  v a r y  b e t w e e n  2.0-0.8 ~, whi le  those  of t h e  
h u m a n  c a r y o t y p e  range  f rom 1.5-8 V. 

These  d a t a  are cons i s t en t  w i t h  t he  h i s t o p h o t o m e t r i c  
m e a s u r e m e n t s  of t he  nuc lea r  D N A  4 6 accord ing  to w h i c h  
t he  i n t e rphas i c  nuc leus  of f ish ha s  a D N A  c o n t e n t  lower 
t h a n  t h a t  of m a m m a l s .  

F r o m  t h e  morpho log ica l  s t a n d p o i n t  7 t he  diploid chro-  
m o s o m e  c o m p l e m e n t  of Tinca tinca (Figure 3a) is m a d e  
up  of 23 (or 24) pa i r s  w i t h  a pa i r  m a r k e d  b y  a pecu l ia r  
h y p o p y c n o t i c  a rea  on  one of i ts  a rms.  

The  c a r y o t y p e  of C. auratus (Figure  1) shows 10 pa i rs  
of m e t a c e n t r i c  ch romosomes  a n d  42 pa i rs  of ch romo s o mes  

by Tissue Culture in vitro 

w i t h  a more  or less t e r m i n a l  cen t romere ,  6 of which  seem 
to  be  acrocent r ic .  

T h e  same  c h r o m o s o m e  n u m b e r  a n d  a s imi lar  set  of 
c h r o m o s o m e s  has  been  found  for C. carassius. 

T h e  c a r y o t y p e  of dnguilla anguilla (Figure 4) shows 18 
pa i rs  of per fec t ly  pa i red  ch ro mo s o mes  a n d  1 pa i r  (19) of 
d iss imi lar  chromosomes .  

T h e  18 pa i rs  of m a t c h e d  ch ro mo s o mes  can  be g rouped  
in to  6 pa i rs  of rough ly  med iocen t r i c  chromosomes ,  5 
pa i r s  of s u b m e t a c e n t r i c  c h r o m o s o m e s  a n d  in to  7 pa i rs  
of rough ly  t e r m i n a l  c e n t r o m e r e  chromosomes .  

The  c a r y o t y p e  of Scardinius erythrophtalmus (Figure  2) 
is m a d e  up  of 23 pa i rs  of homologous  ch romosomes  and  
1 pa i r  (24) of u n p a i r a b l e  chromosomes .  T h o u g h  t h e  pos-  
s ible  presence  of h e t e r o c h r o m o s o m e s  in th i s  species m i g h t  
be  assumed,  t h e  fac t  t h a t  c h r o m o s o m e  24 (second) is 
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Fig. 1. Tentative pairirlg of the chromosomes of Carassius auratus. Fig. 2. Tentative pairing of the chromosomes of Scardinius ery- 
throphtalmus. 
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/Zig. 3. Metaphasic plates from different species of fishes obtained by tissue culture ill vitro : a, Tinca tinca ; b, Carassius auratus; c, A nguilla 
anguilla ; d, Scardinius erythrophtalmus. 

t e r m i n a l  c e n t r o m e r e  w i th  a def in i te  p r e d o m i n a n c e  of 
t e locen t r i c  over  ac rocen t r i c  e lements .  

T h o u g h  of a p r e l i m i n a r y  n a t u r e  an d  p e r t a i n i n g  to dif- 
f e ren t  species, t hese  f ind ings  give a g l impse  of the  more  
i n t e r e s t i ng  l ines of research  open  to  s tudy,  u t i l iz ing  t he  
n u m e r i c a l  an d  morpholog ica l  d a t a  r e l a t ing  to chromo-  
somes. T h e  i m p o r t a n c e  of i nves t iga t ions  on  t h e  s y s t e m a t i c  
af f in i t ies  a n d  phylogenes is  of Teleostea,  a n d  also t he  
i m p o r t a n c e  of t h e  p r o b l e m  rega rd ing  sex c h r o m o s o m e s  
of d i f fe ren t ia t ion ,  in o the r  words,  t h e  s ignif icance of 
h e t e r o c h r o m o s o m e s  in h e r m a p h r o d i t i c  species, deserve  
emphas i s .  

Fig. 4. Tentative pairing of the chromosomes of Anguilla anguiUa. 

Riassunto. I n  ques to  l avoro  v en g o n o  r i p o r t a t i  da t i  nu-  
mer ic i  e morfologici  sul ca r io t ipo  di d iverse  specie di  
Pesci  Teleos te i  (T  inca tinca, Carassius auratus, C. caras- 
sins, Scardinius erythrophtalmus, A nguitla anguilla), ot te-  
n u t i  m e d i a n t e  cu l tu re  in  vi t ro .  

equa l  in  size to  one of the  a r m s  of 24 (first), leaves  
open  t he  poss ib i l i ty  t h a t  in the  i nd iv idua l  e x a m i n e d  t h e  
de le t ion  of one a r m  of t he  ch romosomes  m a y  h a v e  
occurred.  

The  c a r y o t y p e  is m a d e  up  b y  6 c h r o m o s o m e  pai rs  w i t h  
rough ly  m e d i a n  c e n t r o m e r e  a n d  17 pa i rs  w i t h  a rough ly  
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