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(44: 1: 22). The  r ad ioac t ive  zones were cu t  o u t  and  t h e i r  
r a d i o a c t i v i t y  was m e a s u r e d  in a P a c k a r d  l iquid-sc int i l la-  
t i on  spec t romete r .  

Results and discussion. Zinc -p rec ip i t a t ed  a n d  lyophi l ized 
p ro t e in  f ract ion,  pa r t i a l l y  pur i f ied  f rom r a t  k i d n e y  cytosol  
b y  2 0 - 3 5 %  a m m o n i u m  sul fa te  s a t u r a t i o n  ~, r e t a in s  i ts  
a c t i v i t y  to  d e p h o s p h o r y l a t e  U M P  as t he  soluble  enzyme.  
The  insoluble  f r ac t ion  of p r ec i p i t a t ed  p ro t e ins  is able  to  
p h o s p h o r y l a t e  in  t h e  presence  of A T P  ur id ine  and  p y r i m -  
id ine  nucleoside  ana logues  to  co r re spond ing  5 ' -nucleo-  
t ides  (act ive  ur id ine  k inase  ~) b u t  n o t  to  t r a n s f o r m  ur id ine  
to  uraci l  or  to  ca ta lyze  i t s  syn thes i s  f rom uraci l  a n d  
r i bose - l - phospha t e .  The  f r ac t ion  of p r e c i p i t a t e d  p ro te ins  
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Fig. 2. Thermal stability of zinc-precipitated phospholnonoesterase 
in solution at 50~ and in dry state at 100~ 0.25 mM UMP-2-14C 
was incubated 5 min at 37~ in 0.3 ml of 66 mM tris-HC1 buffer 
(pH 7.4) containing Zn-preeipitated enzyme (1 rag) heated for dif- 
ferent period of time at 100~ (O O) or preincubated in the above 
buffer at 50 ~ (�9169 The degradation of 12 mM 2,4-dinitrophenyl 
phosphate by the enzyme preineubated at 50~ was measured 
(A400) at pH 7.4 after 10 min incubation at 37 ~ and dilution with 
0.5 M NaOH (A--A). 

displays  t he  a c t i v i t y  of nonspecif ic  p h o s p h o m o n o e s t e r a s e  
a n d  ca ta lyzes  also t h e  sp l i t t i ng  of u r id ine  2 ' ( 3 ' ) - phospha t e  
and  2, 4 - d i n i t r o p h e n y l  p h o s p h a t e .  

The  t i m e  course  of U M P  d e p h o s p h o r y l a t i o n  us ing  
soluble a n d  z inc -p rec ip i t a t ed  f rac t ions  of t he  k i d n e y  
e n z y m e  (Figure  1) ind ica tes  t h a t  b o t h  e n z y m e  p r e p a r a -  
t ions  spl i t  U M P  to  t he  same degree. Also k ine t ic  c o n s t a n t s  
of U M P  d e p h o s p h o r y l a t i o n  b y  t he  two forms  of t he  en- 
zyme  are similar .  Since in our  s y s t e m  the  i n h i b i t i o n  b y  
excess of t he  s u b s t r a t e  occur red  a n d  a complex  c h a r a c t e r  
of U M P  d e g r a d a t i o n  b y  t he  p r e s e n t  enzymes  was  ob-  
served,  t h e  d e p h o s p h o r y l a t i o n  was cha rac t e r i zed  on ly  b y  
t he  s u b s t r a t e  c o n c e n t r a t i o n  (2.7 raM) a t  wh ich  t h e  r a t e  
of e n z y m e  r eac t ion  was equa l  to  one-ha l f  of m a x i m a l  
ve loc i ty  of t he  s u b s t r a t e  d i sappearance .  

I n  c o n t r a s t  to  the  soluble f rom of p h o s p h o m o n o e s t e r -  
ase, z inc -p rec ip i t a t ed  e n z y m e  is h igh ly  r e s i s t a n t  to  the r -  
ma l  i nac t i va t i on .  Whi le  t he  soluble  e n z y m e  f r ac t ion  is 
comple t e ly  i n a c t i v a t e d  b y  a 5 m in  i n c u b a t i o n  a t  100~ 
t he  a c t i v i t y  of z inc -p rec ip i t a t ed  and  lyophi l ized  p ro t e ins  
a f te r  t h e i r  h e a t i n g  a t  100~ (in unsea led  ampu le s  us ing  
a s ter i l iz ing oven) is a l m o s t  u n c h a n g e d  (Figure  2). Also 
t he  a c t i v i t y  of m e t a l  complexed  e n z y m e  p r e i n c u b a t e d  a t  
50~ in a buf fe red  m e d i u m  is 3 0 - 4 0 %  h ighe r  t h a n  t h a t  
of t he  soluble  one. Fo r  compar i son ,  t h e  decompos i t i on  of 
2 , 4 - d i n i t r o p h e n y l  p h o s p h a t e  b y  p r e c i p i t a t e d  a n d  freeze- 
dr ied e n z y m e  f rac t ion  p r e i n c u b a t e d  a t  50 ~ is p r e s e n t e d  
(Figure 2). 

The  pa r t i a l l y  pur i f ied  e x t r a c t  of r a t  k i d n e y  used for 
t he  p rec ip i t a t i on  con ta ins  a n u m b e r  of p ro te ins  obv ious ly  
p a r t i c i p a t i n g  in t he  f inal  fo rm of t he  p rec ip i ta te .  A l t h o u g h  
i t  is d i f f icul t  to  specula te  a b o u t  t he  fo rm of ac t ive  en- 
zymes  in coagu la t ed  prec ip i ta tes ,  t he  p r ec ip i t a t i on  b y  
zinc ions offers a s imple  m e t h o d  to p repa re  a s t ab le  pro-  
t e in  f r ac t ion  possess ing p h o s p h o m o n o e s t e r a s e  ac t iv i ty .  
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Summary. The  a c t i v i t y  of c y t o c h r o m e  oxidase  g rea t ly  decreases  in t he  o rgans  of r a t s  t r e a t e d  w i t h  D-pen ic i l l amine  
for 20 days  (30 rag/100 g/day) .  A l t h o u g h  t he  d rug  does no t  affect  c y t o c h r o m e  oxidase  in v i t ro ,  i t  read i ly  reduces  
oxidized cyt .  c. 

D-pen ic i l l amine  is the  we l l -known che la t ing  a g e n t  used 
in t he  t r e a t m e n t  of Wi l son ' s  disease 1 and  of severa l  h e a v y  
m e t a l  i n tox ica t ions  ~,a. I n  a p rev ious  p a p e r  4 we h a v e  
r epo r t ed  t h a t  D-pen ic i l l amine  decreases  the  c o n t e n t  of 
iron, zinc a n d  copper  of m o s t  o rgans  a n d  t issues of t he  ra t ,  
and  t h a t  th i s  r educ t ion  s ign i f ican t ly  affects  t he  concen-  
t r a t i o n  of b lood ce ru lop la smin  a n d  of t he  superoxide-  
d i s m u t a s e  a c t i v i t y  of some tissues. Wi t t l  t h e  a im of f ind ing  
ou t  w h e t h e r  D-penic i l l amine  ac ts  also u p o n  o t h e r  meta l lo -  
prote ins ,  we h a v e  s tud ied  t he  a c t i v i t y  of c y t o c h r o m e  
oxidase  in r a t s  t r e a t e d  w i t h  the  drug.  I t  h a s  been  re- 
por ted~ t h a t  c y t o c h r o m e  oxidase  is v e r y  sens i t ive  to  
copper  def ic iency a n d  t h a t  t he  e v a l u a t i o n  of i ts  a c t i v i t y  
is a sa t i s fac to ry  i nd i ca to r  of t he  cl inical  copper  s t a t u s  in 
m a m m a l s .  
The  m a r k e d  effect  obse rved  in v ivo  sugges ted  to us to  
e x t e n d  the  s t u d y  to l iver  m i t o c h o n d r i a  p r e p a r a t i o n s  to  
inves t iga t e  w h e t h e r  D-penic i l l amine  affects  c y t o c h r o m e  
oxidase  also in vi t ro.  

Materials and methods. 12 male  W i s t a r  r a t s  of a b o u t  
250 g, fed w i t h  pel le ts  of s t a n d a r d  compos i t ion ,  were 
in jec ted  p a r e n t e r a l l y  w i t h  D-pen ic i l l amine  (15 mg/100  g 
b o d y  we igh t  eve ry  12 h) for 20 days.  10 r a t s  were  used 
as controls .  The  o rgans  of each  a n i m a l  were h o m o g e n i z e d  
w i t h  9 vol. of 0.25 M sucrose in 0.1 M p h o s p h a t e  buf fe r  
p H  7; t he  suspended  par t ic les  were solubi l ized b y  a d d i n g  
Tween  80, t h e n  cen t r i fuged  a t  15,000 •  a n d  t h e  c lear  
s u p e r n a t a n t  was  employed  for t he  d e t e r m i n a t i o n  of t h e  
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Table 1. Cytochrome oxidase activity in normal and treated rats. 
Enzymatic units/g fresh tissue 

Tissue Control Treated p Variation 
% 

Liver 36.73-t-10.99 20.004- 4 .06  <0.05 45.55 
Spleen 20.304-  4 .21  11.214- 2 .65 <0.001 44.78 
Kidneys 79.064-10.66 33.794- 8 .30  <0.001 57.26 
Heart 139.744-20.78 62.084-17.83 <0.001 55.57 
Brain 45.854- 9 .48  19.714- 5 .06  <0.001 57.01 
Lungs 17.904- 3 .64  10.354- 1.58 <0.001 42.18 

Table 3. Ratio: Citoehrome oxidase activity/copper content in 
normal and treated rats 

Tissue Control Treated p 

Liver 7.08-/-1.71 6.324-1.28 n.s.* 
Spleen 8.61-t-2.61 5.32il.69 <0.02 
Kidneys 12.11• 9.31-t-2.19 n.s. 
Heart 24.474-6.62 12.214-4.51 <0.001 
Brain 14.70i4.76 7.614-2.79 <0.02 
Lungs 7.234-2.01 6.75-t-1.61 n.s. 

Table 2. Copper content in normal and treated rats. 
[xg/g fresh tissue. 

Tissue Control Treated p Variation 
% 

Liver 4.22-t-0.86 3.23• <0.02 24.22 
Spleen 2:594-1.02 2.11-t-0.45 n.s.* 18.53 
Kidneys 7 .134-1 .31  3.814-0.68 <0.001 46.56 
Heart 5.844-1.07 5.122120.32 n.s. 12.33 
Brain 3.13• 2.72-t-0.55 n.s. 13.10 
Lungs 2 .68-4-0.39 1.62:J_0.34 <0.001 39.55 

* n.s, for p-values >0.05. 
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Fig. 1. Oxidation of reduced eyt. c (10 .4 M), by initoehondrial cyto- 
chrome oxidase, in presence of D-Pam. 
1 Control. 2 D-Penicillamine 5 • 10 .5 M. 3 D-Penicillamine 10 .4 M. 
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Fig. 2. Reduction of oxidized cyt. c (10 -~ M), by D-Penicillamine 
(10 -~ M). 

* n.s. for p-values >0.05. 

cy toch rome  oxidase ac t iv i ty .  All the  opera t ions  were 
carried ou t  a t  4~ H e a r t  mi tochondr i a  were p repa red  
f rom contro l  ra t s  according to Green and  Ziegler ~. The 
ox ida t ion  of cyt .  c previous ly  reduced  wi th  ascorbate  
was fol lowed spec t ropho tomet r i ca l ly  7 and using the  ex- 
t i n c t i o n  coefficient e = 19.6 s. A uni t  of enzyme was 
made  equal  to 1 ~M of cyt .  c which  is oxidized per  rain. 
Copper  was de t e rmined  b y  a tomic  absorp t ion  (Perkin  
E lmer  mod.  300); ferro-cyt ,  c and  D-penici l lamine were 
p roduc t s  f rom Sigma. 
Results  and discussion. After  t r e a t m e n t  wi th  D-penicil-  
lamine, the  cy toch rome  oxidase ac t iv i ty  s ignif icant ly  
decreases in a lmost  all t he  organs examined  (table 1). In  
tile brain,  the  hea r t  and  the  kidneys,  more  t h a n  50% 
reduct ion  in observed.  The copper  con ten t  of the  cor- 
responding  organs is no t  reduced at  the  same ra te  
(table 2). The rat io enzymat i c  act iv i ty /Cu co n t en t  is 
s ignif icant ly  lower in the  brain,  tile h e a r t  and the  spleen 
(table 3). Actual ly  these  organs show small reduc t ion  of 
the  copper  co n t en t  as if the  meta l  was ent i re ly  bound ;  if 
so, any  decrease of the  to ta l  copper  is m a t c h e d  by  a 
s t rong reduct ion  of t he  copper  enzymes.  On the  contrary ,  
in the  liver, tile k idneys  and the  lungs, where a pool of 
labile copper  is p resen t  9, the  ra t io  remains  a lmost  un- 
changed.  I t  is in te res t ing  to po in t  out  tha t ,  whereas  o ther  
copper  pro te ins  such as ceruloplasmin and superoxide  
dismutase ,  are no t  un i fo rmly  reduced% in the  same ex- 
pe r imen ta l  condi t ions  the re  is a lways 50% decrease of 
the  cy toch rome  oxidase act iv i ty .  
The act ion of D-penici l lamine on cy tochrome  oxidase 
ac t iv i ty  in vi t ro  is shown in figure 1. The chela t ing agent  
has  a delaying effect  on the  reoxida t ion  of cyt.  c which  is 
p ropor t iona l  to  the  a m o u n t  of D-penici l lamine.  This we 
in te rpre te  as due to the  reducing act ion of t he  drug  on 
cyt.  c (figure 2). 
The exper imen t s  here repor ted  indicate  t ha t :  
1. The c o m p a r t i m e n t a t i o n  of copper  is no t  equal  in all the  
t issues examined.  
2. W h e n  in jec ted  into rats,  D-penici l lamine decreases the  
copper  co n t en t  of several  organs;  a t  the  same t ime  the  
cy toch rome  oxidase ac t iv i ty  is reduced  to  abou t  50% of 
the  init ial  values. 
3. In  vi t ro  D-penici l lamine has  no effect  on the  cyto-  
chrome oxidase act iv i ty .  The drug, however,  is readi ly 
oxidized by  cir. c, 
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