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cholamine  b iosynthes is  induced  by  po tas s ium appears  to  
be a more  p o t e n t  effect  t h a n  t h a t  induced  by  nerve  
s t imulat ion.  Thus,  nerve  s t imula t ion  for I h per iods  
produces  var iable  increases in N E  format ion  which se ldom 
exceed 100% ~, *. On the  o the r  hand ,  the  increase induced  
by  po tass ium (40%) is a lways grea ter  t h a n  100%. How- 
ever, p re l iminary  exper imen t s  do indica te  t h a t  like the  
accelerat ion of N E  b iosynthes i s  induced  by  nerve  s t imu-  
lat ion,  the  accelerat ion induced  by  po tas s ium can also be 
blocked by  the  presence of N E  (10-6M) in the  medium.  
We  are cur rent ly  inves t iga t ing  the  mechan i sm of th is  
po tass ium- induced  accelerat ion of ca techolamine  bio- 
synthes is .  

Zusammen/assung. Kal ium e rh6h t  die Bi ldung von  
m a r k i e r t e m  Noradrena l in  aus m a r k i e r t e m  Tyros in  im 
isol ier ten Vas deferens.  Es  wird  a n g e n o m m e n ,  dass  dieser  
E f fek t  auf  eine Ste igerung der  Ty ros in -Hydroxy la se  zu- 
r i ickzufi ihren ist. 
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Studies  on the B iochemica l  Character izat ion of H u m a n  Ceru lop lasmin  

The pathological  p ic ture  of Wilson ' s  disease has been 
a t t r i b u t e d  to the  abnormal  depos i t ion  of copper  in liver, 
k idney  and brain,  along wi th  a decrease in serum cerulo- 
p l a s m i n l  Tha t  no direct  re la t ionship,  however ,  has  been  
observed  be tween serum ceruloplasmin concen t ra t ion  and  
the  sever i ty  of the  disease 2-4, has  led us to a hypo thes i s  
for the  i ndependen t  role of copper  and  ceru loplasmin  in 
the  possible pa thogenes is  of Wilson 's  disease. 

Materials and methods. The ceruloplasmin was ob ta ined  
f rom serum by  adsorp t ion  onto  D E A E - S e p h a d e x  and by  
a m m o n i u m  sulfate precipi ta t ion.  1/10~ ceruloplasmin in 
sod ium ace ta te  buffer  (0.1M, p H  5.5) was used for the  
analy t ica l  u l t racentr i fuge at  59,780 rpm.  Disc gel electro- 
phores is  was pe r fo rmed  at  p H  8.9 for 45 m i n  to 1 h a t  
4 m a m p / s a m p l e  wi th  a 7.5% cross-l inked po lyacry lamide  
gel. 

Oxidase ac t iv i ty  was de tec ted  essent ial ly  by  the  me t h o d  
of OWEN and SMITH 5. Subuni t s  were de t e rmined  af ter  
t r e a t m e n t  of the  pro te in  in 9 M  urea wi th  2-mercapto-  
e thanol  and iodoacetamide  6 followed by  c h r o m a t o g r a p h y  
on D E A E - S e p h a d e x .  Pep t i de  m a p s  were p repared  of 
t ryp t i c  digests  by  e lect rophoresis  (70 V/cm;  pyr id ine  
acetate ,  p H  5.5; 45 min) in one d imens ion  and chromato-  

g r ap h y  (butanol  : acetic acid :wate r  - 200 : 30 : 75 ; 16-18 h) 
a t  r ight-angles.  Mitochondr ia l  resp i ra t ion  in the  presence  
of ceru loplasmin  was measured  wi th  a Y S I  Oxygen  
Moni tor  (Yellow Springs I n s t r u m e n t  Co., Ohio) using a 
ra t - l iver  p repa ra t ion  as no ted  in the  foo tno te  to the  
Table.  

Results and discussion. Pre l imina ry  ch roma tog raph ic  
separa t ion  of t he  subun i t  reac t ion  mix tu re  of bovine  
ceru loplasmin  revealed a single major  peak  while t h a t  of 
the  h u m a n  pro te in  showed 2 pr incipal  peaks.  In  disc gel 
e lect rophoresis  as well as wi th  the  cellulose ace ta te  proce- 
dure, no rmal  ceruloplasmin migra tes  fu r the r  t owards  the  
anode  t h a n  does the  Wilson protein .  The basic na tu re  of 
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Effect of ceruloplasmin on nfitochondrial oxygen consumption 

Incubation 02 consumption, Inhibition "-') 
Inedimn �9 [xl/h/mg protein (%) 

No Cp 190 - 

2007 Bovine Cp 170 10.5 

200y Normal Cp 168 11.6 

200~ Wilson's Cp 27 85.8 

80~ Wilson's Cp 27 85.8 

60~ Wilson's Cp 67 64.7 

407 Wilson's Cp 80 57.9 

207 Wilson's Cp 150 21.1 

0.2 mM Cu +x 190 0 

0.2 mM Cu +2 57 70.0 

Mitoehondria were prepared from rat liver and suspended in buffer 
so that 0.2 ml of preparation had 0.672 mg protein. The incubation 
mediunl in addition contained a final concentration of 40 mM 
KiHPO4, 40 mM KC1, 24 mM ADP and 20 mM succinate. Incuba- 
tion was for 15 rain at 30 ~ and pH 7.4. 
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Peptide maps of a tryptic digest of normal human cerulopiasmin 
(left) and Wilson's ceruloplasmin (right). The conditions are given in 
the text. The arrows at positions A and 13 indicate the major peptide 
changes between the two. 
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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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