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and ma t ings  be tween  posi t ive  and  negat ive  pa ren t s  gave 
at  least  50% posi t ive  offspring.  The f requency  of t he  
gene Ci A, es t ima ted  f rom the  f requency  of the  p h e n o t y p e s  
in the  277 offspr ing of the  Table,  was 0.43. 

To s t u d y  the  cons t ancy  of t he  C i ( a+ )  ant igen,  f rom 
4-6 serum samples,  collected f rom 10 animals  (6 posi t ive  
and  4 negat ive)  over  a lmos t  1 year  t ime,  were t e s t ed  all 
a t  once and  found  to  give cons is ten t  results .  An animal ,  
t e s t ed  12 h af ter  b i r th ,  was posit ive.  His  mo th e r  was  
negat ive.  This  shows t h a t  the  ant igen C i ( a+)  expresses  
i tself a t  b i r t h  or soon after.  

W h e t h e r  th is  an t i s e rum and  the  one descr ibed by  
RArACZ et  al. s are related,  remains  to be ascer ta ined.  At  

p resen t  i t  is known  t h a t  t h e y  have  been  ob ta ined  using 
d i f ferent  an t igen  p repara t ions :  whole se rum for the  one 
descr ibed here and  an a m m o n i u m  su lpha te  f rac t ion of 
se rum for the  one descr ibed by  RAPACZ et al.S,S. 

Riassunto. ]~ descr i t to  un ant igene  ident i f ica to  nel siero 
dei bovini  med i an t e  micro immunodi f fus ione .  I da t i  fami-  
liari mos t r ano  che esso 6 sot to  control lo genetico. L ' an t i -  
siero 6 s ta to  o t t en u t o  med i an t e  i so immunizzazione  con 
pool di  siero bovino  diluito 1:1 con so luz ione  t a m p o n e  
ed emuls iona to  con un egual volume di ad iuvan te  com- 
pleto t ipo Freund .  
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Inheritance of the antigen 

Type of No. of Offspring 
mating matings 

positive negative total 

+ x + 26 20 6 
+ • - 162 93 69 
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Ident i f i cat ion  of C e r u l o p l a s m i n  in H u m a n  Liver  Cells  by F l u o r e s c e n t  A n t i b o d i e s  and Absence  of 
th i s  Pro te in  in Wi l son  D i s e a s e  

Ceruloplasmin is a copper -conta in ing  blood p lasma  
prote in  regula t ing  copper  me tabo l i sm in the  h u m a n  
organism. There  are da t a  indicat ing t h a t  ceruloplasmin 
syn thes i s  occurs m liver 1,2. There  is some evidence t h a t  
in  Wi l son  disease the  pa t i en t ' s  ceruloplasmin does not  
differ in general  phys ico-chemical  character is t ics  f rom 
t h a t  in normal  subjec ts  s,4. The decrease of ceruloplasmin 
concen t ra t ion  in the  p a t i e n t ' s  b lood is due to  genet ical ly  
de te rmined  inhib i t ion  of the  pro te in  synthesis .  However,  
there  has been  no di rect  evidence so far to suppor t  th is  
hypothes is .  

The p re sen t  paper  repor t s  some direct  evidence of 
ceruloplasmin syn thes i s  in normal  h u m a n  liver cells and  
a lmos t  ent i re  absence  of l iver ceruloplasmin in Wilson 
disease. 

Materials and methods. Slices of liver, brain,  spleen, 
hea r t  and  k idney  f rom a pract ica l ly  normal  male, aged 37, 
who died of a sudden  ches t  compress ion,  were s tudied.  
The  t issues of these  organs  were  t aken  2 h ut ter  regis t ra-  
t ion  of clinical dea th  Liver  t issues t aken  in b iopsy  b y  
liver punc tu r e  according to MENGINI'S t echn ique  5 were 
ob ta ined  from 8 pa t i en t s  wi th  liver disorders  of non-  
congeni ta l  e thiology (concent ra t ion  of ceru loplasmin  
45-60 mg 100 ml) as well as 3 wi th  Wilson disease (con- 
cen t ra t ion  of ceruloplasmin 3-6 mg 100 ml). To ob ta in  
an t iceru loplasmin  serum, r abb i t s  were immunized  wi th  
h u m a n  homogenic  ceruloplasmin by  the  m e t h o d  described 
earlier e. For  ident i f ica t ion  of ceruloplasmin in slices of 
various h u m a n  organs COONS'S indi rec t  m e t h o d  was 
usedL Ant iceru loplasmin  se rum adsorbed  to  r emove  
ant ibodies  to o the r  p la sma  pro te ins  by  diazot ized prote in  
complex  from a pa t i en t  wi th  Wilson disease was used as 
an in te rmedian t .  The adsorb t ion  of p la sma  prote in  ant i -  
bodies of i n t e r m e d i a n t  serum was comple te  enough since 

prec ip i ta t ion  on agar  gel by OUCHTERLONY'S technique  s 
wi th  h u m a n  ceruloplasmin,  blood se rum from normal  
subjects  and  those  wi th  Wilson disease showed only one 
arc (Figure 1). P repa ra t ions  f rom organs  ob ta ined  in 
au topsy  and biopsy were immed ia t e ly  frozen and t r ea ted  
as descr ibed earlier 3. The f luorescence observed was con- 
s idered specific only  if no f luorescence was  seen in contro l  
p repa ra t ions  2. The blood se rum ceruloplasmin concent ra-  
t ion was de t e rmined  by RAVIN'S method% 

Results. W h e n  s tudy ing  slices of h u m a n  kidney,  spleen, 
brain  and hea r t  ob ta ined  in autopsy ,  no localized specific 
f luorescence was observed in the  cells of these organs. 
Fluorescence was of diffuse charac ter  and  sl ight in tens i ty .  
In  l iver  prepara t ions ,  where  anoxia  is ex t remely  high, 
specific f luorescence was seen extracel lularly,  i.e. m the  
intercel lular  space (Figure 2}. However ,  cer ta in  paren-  
ch imatous  cells showed sites of specific f luorescence 
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(Figure 3). Blood vessels, where  specific f luorescence was 
observed  by  s ta in ing  wi th  f luorescent  se rum conta in ing  
p lasma pro te in  ant ibodies ,  showed no fluorescence when  
t r ea ted  wi th  an t iceru loplasmin  serum. This indicates  

Fig. l. Agar immunodiffusion of human ceruloplasmin, blood serum 
in normal subjects and in Wilson disease. (1, 6) human serum; 
(2, 3) normal human blood serum; (4, 5) blood serum from patients 
with Wilson disease; (A) dipleted antiserum; (B) native rabbit 
antiserum. 

t h a t  extracel lular  f luorescence observed  in these  s tudies  
is no t  re la ted  to  the  presence of blood or p la sma  in the  
prepara t ions ,  b u t  is r a the r  due to ceruloplasmin released 
f rom the  cells and  accumula ted  in the  intercel lular  space 
as a resul t  of p o s t m o r t u m  changes  in t he  organ. Figure  3 
shows t h a t  specific f luorescence in p a r en ch i ma t o u s  cells 
of h u m a n  liver is accounted  for by  the  organelles sur- 
rounding  the  cellular nucleus. 

I t  is clear f rom Figure 4 t h a t  specific f luorescence in 
pa t i en t s  wi th  non-congeni ta l  disease is observed  in 
liver pa r ench ima tous  cells, the  s t ruc tura l  e lements  of 
cy top lasm wi th  specific f luorescence sur rounding  the  
nucleus. Ext race l lu la r  f luorescence was no t  de tec ted .  
This indicates  t h a t  in l iver p repa ra t ions  ob ta ined  by  
biopsy,  ceruloplasmin is localized in pa rench ima tous  cells. 

Figure 5 represen ts  a p ic ture  of the  l iver slice f rom 
pa t i en t  wi th  Wilson disease. I t  is seen t h a t  there  is a lmost  
no specific fluorescence, suggest ing the  absence  of cerulo- 
p lasmin  in liver cells in Wilson disease. 

C o n c l u s i o n .  These s tudies  d e m o n s t r a t e  t h a t  l iver is 
the  only organ in man  which is responsible  for cerulo- 
p lasmin  biosynthesis .  This view is suppor t ed  by  the  da t a  
ob ta ined  in the  s tudy  of sect ion mater ia l :  there  is no 
specific f luorescence in all organs except  liver. In  l iver 
p repara t ions  ob ta ined  by  autopsy ,  the  capac i ty  of cell 
m e m b r a n e s  to re ta in  ceruloplasmin seems to  have  been  
affected by  changes  in energy  me tabo l i sm caused by  
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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 ,  

BblBOAbI. YCTaHOB.neHO, qTO cne[Igqbl4qecKag .qtOMHHeClle- 
HI~H~ xapaKTepHa:a /Iyl~ uepyJton.na3MHHa B K.neTKaX IleqeHH 
3)IOpOBblX JlIoJIe~ OTMeqaeTc~ B 70% FeIlaTOIII4TOB, a IIpH 
60JIe3HH BHJlbCOHa MeHee qeM B 5% K.qeTOK. ~TO IIO,~TBep- 
>l<,~aeT npe~liO.llO>i<eHHe 0 6JloKe CHHTe3a IIepy.qonJia3MHHa 
HpH 60.1Ie3HH BH.rlbCOHa. 
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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. 


