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ce ru lop la smin  is i nd ica t ed  too  b y  t he  c h y m o t r y p t i c  and  
t r y p t i c  pep t ide  m a p s  7 .  

B o v i n e  a n d  n o r m a l  ce ru lop la smin  do no t  in te r fe re  w i t h  
oxygen  c o n s u m p t i o n  of m i t o c h o n d r i a .  R e s p i r a t i o n  was 
i n h i b i t e d  b y  ce ru lop la smin  f rom t h e  Wi l son  in a concen-  
t r a t i o n  d e p e n d e n t  w ay  reach ing  a m a x i m u m  of 85.8% 
w i t h  80y of t h e  pro te in .  These  d a t a  are rev iewed in t he  
Table .  The  a m i n e  oxidase  a c t i v i t y  of Wi l son ' s  cerulo- 
p l a s m i n  was  e n h a n c e d  s o m e w h a t  b y  dia lysis  of se rum 
aga ins t  cupr ic -cuprous  ions p r io r  to  isolat ion.  

I t  would  a p p e a r  t h a t  t he  genet ic  defect  wh ich  leads  to  
t he  f o r m a t i o n  of ce ru lop la smin  of t h e  Wi l son  t y p e  resu l t s  
in  t he  exchange  of 2 or 3 a m i n o  acid res idues  in  t he  cerulo- 
p l a s m i n  s t ruc tu re .  Aside f rom m i n o r  differences,  one 
no tes  t he  s u b s t i t u t i o n  of one n e u t r a l  pep t ide  in n o r m a l  
(posi t ion A) for a more  basic  pep t ide  in t h e  Wi l son  and  
t he  increased  bas i c i t y  of 3 pep t ides  (posi t ion B) in  t he  
Wi l son  map .  These  changes ,  however ,  are re f lec ted  in t he  
ab i l i t y  of t h e  p ro t e i n  to  b i n d  copper ,  t he  e lec t rophore t i c  
m o b i l i t y  a n d  t he  c a t e c h o l a m i n e  a n d  ascorbic  acid oxidase  
a c t i v i t y  in  t he  h o m o z y g o u s  s ta te .  

The  gene t ica l ly  con t ro l led  s t r u c t u r a l  a l t e r a t i o n  in 
ce ru lop la smin  decreases  i ts  ox idase  a c t i v i t y  a n d  p r o b a b l y  
lays  t he  g r o u n d w o r k  for t he  depos i t ion  of copper  wh ich  
f u r t h e r  d a m a g e s  t h e  cells. BROMAN S ha s  sugges ted  t h a t  
ce ru lop la smin  p rov ides  t h e  copper  for c y t o c h r o m e  
oxidase  b y  t r a n s f e r  of t he  en t i re  p r o s t h e t i c  g roup  con- 
t a i n i n g  t h e  ac t ive  (cupric) ions  f rom t h e  ce ru lop la smin  
molecule,  a f t e r  some modif ica t ion ,  to  c y t o c h r o m e  oxidase.  
T h u s  t h e  r educed  level  of c y t o c h r o m e  oxiduse  seen in Wil-  
son ' s  disease can  be  explained".  I m p o r t a n t  is the  observa-  
t i on  in t h i s  work  t h a t  Wi l son ' s  ce ru lop la smin  decreases  

m i t o c h o n d r i a l  resp i ra t ion .  I n  t he  mi toch rond r ion ,  t he  
b o n d i n g  b e t w e e n  cupr ic  ion and  Wi l son ' s  ce ru lop lasmin  
is labi l ized.  The  re leased cupr ic  ion is unava i l ab l e  for  a 
charge  t r ans f e r  reac t ion ,  does n o t  pa r t i c i pa t e  in  p r o s t h e t i c  
g roup  t r a n s f e r  b u t  b inds  compet i t ive ly ,  t h o u g h  nonfunc t io -  
nal ly,  w i t h  molecu la r  oxygen  or i nh ib i t s  a n u m b e r  of 
v i t a l  enzymes  t h r o u g h  m e t a l  induced  prec ip i t a t ions .  

Zusammen/assung. Die prim~tre S t r u k t u r  yon  Cerulo- 
p l a s m i n  im h o m o z y g o t i s c h e n  Morbus  Wilson  un te r -  
sche ide t  s ich v o m  N o r m a l e n  d u r c h  eine gr6ssere Zah l  yon  
bas i schen  Aminos~turen.  Das  a b n o r m e  Ceru lop lasmin  
h e m m t  die M i t o c h o n d r i e n r e s p i r a t i o n ;  freie K u p f e r i 0 n e n  
h a b e n  dieselbe ~vVirkung, was  m6gl icherweise  d u r c h  Auf- 
16sung des Kupfe r -E iwe i s s -Komplexes  erkl i t r t  we rden  
k a n n .  
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Uptake of Labelled Histones by Isolated Perfused Rat Liver and by Various Organs of the Intact 
Mouse 

One fac to r  i m p o r t a n t  in  t h e  r egu la t ion  of t r a n s c r i p t i o n  
f rom D N A  in t he  cell is t h o u g h t  to  be  nuc lea r  h i s tones  1. 
Th i s  r e g u l a t o r y  role is e m p h a s i z e d  b y  r ecen t  obse rva t ions  
w h i c h  show t h a t  app l i c a t i on  of fore ign h i s tones  in te r -  
feres w i t h  t he  h o r m o n a l  i n d u c t i o n  of enzym es  in  t h e  in- 
t a c t  a n i m a l  S or in  i so la ted  per fused  l iver  3. E v i d e n t l y  
histories can  ac t  on  t r a n s c r i p t i o n  f rom D N A  in a specific 
m a n n e r  on ly  if t h e y  are capab le  of en t e r i ng  t he  cell a n d  
t h e  nucleus .  Th i s  h a d  been  d e m o n s t r a t e d  so far  on ly  for 
Vicia [aba roots  4. i n  t he  p r e s e n t  inves t iga t ion ,  we have ,  
therefore ,  fol lowed t he  fa te  of label led  h i s tones  admin i s -  
t e red  to  i n t a c t  mice  or to  i so la ted  per fused  r a t  l iver.  

Methods. His tones  were label led  b y  pe r fus ing  a n  iso- 
l a t ed  r e g e n e r a t i n g  r a t  l iver  w i t h  lys ine  3H. T he  h i s tones  
were p r e p a r e d  f rom iso la ted  c h r o m a t i n e  as descr ibed  
elsewhere3, a n d  h a d  a specific a c t i v i t y  of 4 .4 •  or 
5.3 • 106 d p m / m g  p r o t e i n  r e spec t ive ly  for t h e  2 p r epa ra -  
t ions .  Labe l led  h i s tones  (1 or  0.3 rag) were  in jec ted  i.v. 
i n to  2 a d u l t  mice  (30 g weight )  of t h e  B A L B / c  s t ra in .  The  
an ima l s  were sacr i f iced 2 h later ,  va r ious  o rgans  were re- 
moved ,  weighed a n d  t h e i r  a c t i v i t y  was d e t e r m i n e d  b y  
l iquid  sc in t i l l a t ion  c o u n t i n g  a f t e r  d isso lv ing  a n  a l iquo t  in  
h y a m i n e .  Nuclei  were also i so la ted  f rom l iver  and  coun ted .  

I n  a n o t h e r  series of expe r imen t s ,  labe l led  histories  
d i lu ted  w i t h  d i f fe ren t  q u a n t i t i e s  of non- labe l led  r a t  l iver  
h i s tones  were added  to  per fused  r a t  l iver  p repa ra t ions .  The  
per fus ion  was car r ied  ou t  b y  a mod i f i ca t i on  of Miller 's  
t e c h n i q u e  4. The  pe r fusa t e  cons i s ted  of d e f i b r i n a t e d  r a t  
b lood  d i lu ted  w i t h  1/3 of R inge r ' s  solut ion.  Non- labe l led  

h i s tones  were added  to  t he  se rum a n d  t h e  s l ight  precipi-  
t a t e  w h i c h  fo rmed  w i t h  acid s e rum p ro t e in  on  s t a n d i n g  
was r e m o v e d  before  per fus ion  w h e n  g rea te r  a m o u n t s  of 
h i s tones  (15 and  20 mg) were ut i l ized.  Samples  f rom l iver  
or pe r fusa t e  were r e m o v e d  15, 60, 120 a n d  (in m o s t p e r -  
fusions) 180 m i n  a f t e r  a d d i t i o n  of t he  label led  h is tones .  
R a d i o a c t i v i t y  was  d e t e r m i n e d  and  nucle i  a n d  h i s tones  
were i so la ted  f rom l iver  b y  c o n v e n t i o n a l  me thods .  TCA 
soluble  a c t i v i t y  was also m e a s u r e d  in l iver  h o m o g e n a t e  
a n d  in per fusa te .  

Results and discussion. 2 h a f t e r  in j ec t ion  of label led  
h i s tones  in to  mice, a c t i v i t y  pe r  g t i ssue  is a b o u t  t he  s ame  
for  l iver,  l y m p h o i d  organs,  k idney,  i n t e s t ine  a n d  se rum 
(Table  I). I t  is m u c h  lower in  muscle,  b u t  since t h i s  o rgan  
r ep resen t s  a large p a r t  of t he  body,  t o t a l  a c t i v i t y  ill 
musc le  is considerable .  L ive r  nuclei  c o n t a i n  smal l  b u t  
s ign i f i can t  a m o u n t s  (a few ~g) of label led  h is tones .  Much  
of t he  r a d i o a c t i v i t y  in j ec ted  is sti l l  p r o t e i n - b o u n d  a f t e r  
2 h a n d  a b o u t  75% of t he  a c t i v i t y  p r e sen t  in  l iver  c an  be  
p r e c i p i t a t e d  w i t h  TCA. 
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Table I. Uptake of H s labelled liver histones by the intact mouse 
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Activity/total organ (% of dose) Activity/g organ (% of dose) 

Experiment 1 ~ Experiment 2 b Experiment 1 Experiment 2 

Blood serum a 7 5.5 7 5.5 
Liver ~ 17 12 18 11 
Liver nuclear fraction 1.4 0.7 - 
(% activity of liver) (6) (6) 
Muscle a __ 27 37 1.9 2.5 
Heart 0.5 - 5.7 
Kidneys 4.0 2.3 20 10 
Lung 0.8 1.0 10 9 
Intestine - 11 - 11 
Spleen 1.2 1.4 18.5 12 
Thymus 0.25 0.22 12.3 5.5 

�9 Injection 0.21 [xCi - 1 mg of histones, sacrifice after 2 h. b Injection 0.75 [xCi = 0.3 mg of histones, sacrifice after 2 h. c About 75% of the 
activity still precipitable with 15% TCA. aCalculated by assuming a blood volume of 3% = 1 nfl and a nmsele weight of 50% @~total body 
weight. 

Table II. Uptake of H 3 labelled histories by isolated perfused rat liver 

Activity ratio 
Amount of Perfusion Hydrocortisone 
histones time added Total liver/ Liver/ Nuclei/ Nuclear histones/ 
added (mg) (h) after 1 h perfusate perfusate (g) liver liver 

0.i 3 + 0.30 1.9 0.12 - 
1 4 - -  0.44 2.4 0.23 - 
5 4 + 0.30 1.7 - 0.06 

10 4 + 0.30 1.4 - 0.11 
15 4 + 0.24 1.3 - 0.07 

U p t a k e  of h i s t o n e s  b y  i so la ted  p e r f u s e d  l iver  is r a p i d  
a n d  essen t i a l ly  c o m p l e t e  w i t h i n  15 m i n  a f t e r  a d d i t i o n  of 
t he  label led m a t e r i a l  (Figure) .  A c t i v i t y  levels  pe r  g l iver  
are  s o m e w h a t  h i g h e r  t h a n  pe r  ml  p e r f u s a t e  a n d  th i s  dif- 
ference  b e c o m e s  sm a l l e r  as  l a rge r  a m o u n t s  of h i s t o n e s  are  
g iven  (Table  I I ) .  Nuc le i  c o n t a i n  a b o u t  as  m u c h  a c t i v i t y  
as c o r r e s p o n d s  to  t he i r  v o l u m e  in t he  cell a n d  m o s t  of t h i s  
a c t i v i t y  can  be i so la ted  as  h i s t o n e s  b o u n d  to c h r o m a t i n e .  
T h e  a m o u n t  of r a d i o a c t i v i t y  in t he  c h r o m a t i n e  does  n o t  
v a r y  g r ea t l y  w i t h  t h e  q u a n t i t y  of h i s t o n e s  g iven  a n d  is n o t  
in f luenced  b y  the  a p p l i c a t i o n  of  h y d r o c o r t i s o n e .  I t  c an  be  
e s t i m a t e d  t h a t  a b o u t  50 Fg of  fo re ign  h i s t o n e s  are  b o u n d  
p e r  1 m g  of e n d o g e n o u s  D N A  w h e n  p e r f u s i o n  w a s  ca r r i ed  
o u t  w i t h  15 m g  of  h i s tones .  2 5 - 3 0 %  r a d i o a c t i v i t y  in l iver  
a n d  3 0 - 5 0 %  in p e r f u s a t e  is n o t  p r e c i p i t a b l e  b y  TCA a n d  
th i s  p e r c e n t a g e  is i n d e p e n d e n t  of t h e  l e n g t h  of  p e r f u s i o n  
or  t h e  a m o u n t  of h i s t o n e s  g iven.  

As in all e x p e r i m e n t s  w i t h  label led m a c r o m o l e c u l e s  in 
v ivo  i t  m u s t  be a sked  w h e t h e r  t h e  h i s t o n e s  h a v e  b e e n  
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Uptake of labelled histones (0.1 rag) by isolated rat liver perfused 
with 35 ml of defibrinated blood. 

t a k e n  u p  as  s u c h  or  on ly  a f t e r  d e g r a d a t i o n  to  t h e  con-  
s t i t u e n t  a m i n o  acids.  I t  is p o s t u l a t e d  t h a t  h i s t o n e s  h a v e  
been  t a k e n  u p  as  s u c h  for  t h e  fo l lowing  reasons .  Re-  
u t i l i za t ion  of lys ine  is smal l .  On ly  2 .5% of t he  dose  is 
f o u n d  in a l b u m i n e  a f t e r  a 3 h pe r fus ion ,  b u t  label led his-  
t o n e s  a re  f o u n d  in  t h e  n u c l e u s  a l r e a d y  a f t e r  15 rain.  More-  
over ,  s y n t h e s i s  of h i s t o n e s  in n o r m a l  l iver  is e x t r e m e l y  
s m a l l  (less t h a n  0 .01% of aH lysine).  T h e  m a t e r i a l  n o t  
p r e c i p i t a b l e  w i t h  TCA p r o b a b l y  stil l  r e p r e s e n t s  h i s t o n e s  
or  large p o l y p e p t i d e s  s ince i ts  a m o u n t  r e m a i n s  c o n s t a n t  
d u r i n g  pe r fus ion .  I t  is t h e r e f o r e  c o n c l u d e d  t h a t  h i s t o n e s  
can  e n t e r  t he  m a m m a l i a n  cell nuc leuse .  

Rdsumd. Des  h i s t o n e s  m a r q u 6 e s  au  H 3 o n t  6t6 a d m i n i s -  
t r6es  5̀  des sour i s  p a r  vole  i n t r ap6 r i t on6a l e .  L a  p 6 n 6 t r a t i o n  
d ' h i s t o n e s  d a n s  le foie isol6 en p e r f u s i o n  es t  rap ide .  Les  
n o y a u x  c o n t i e n n e n t  u n e  q u a n t i t 6  p lu s  ou  m o i n s  p r o p o r -  
t ionne l l e  5  ̀ l eur  v o l u m e  d a n s  la cellule e t  la m a j o r i t 6  de 
l ' ac t iv i t6  a p u  8tre  isol6e c o m m e  h i s t o n e s  li6es 5. la 
c h r o m a t i n e .  
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