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fract ion and incorpora ted  into the  D N A  fraction,  while in 
embryos  t rea ted  wi th  cycloheximide the  up take  of 
[SH]thymidine remained  unchanged bu t  t hymid ine  incor- 
pora t ion  into the  D N A  fract ion was inhibi ted (table 1). 
In  embryos  cul tured  in the  absence of cycloheximide  
(control), chromatograph ic  analysis showed t h a t  the  acid- 
soluble f ract ion consisted main ly  of [aH]thymidine 
([~H]TdR) and the  amounts  of its phosphory la ted  der iva-  
t ives  ([SH]thymidine tri-,  di-, and monophosphate ,  ab- 
b rev ia ted  as [~H]dTTP, [aH]dTDP and [aH]dTMP, re- 
spectively) were re la t ive ly  low, whereas  in embryos  

Table 2. Effect of cycloheximide on the in vitro activities of DNA 
polymerase, thymidine kinase and thymidylate kinase in blastulae 

Enzyme Control 10 mM cycloheximide 
(cpm]~g protein) % (epm]txg protein) % 

DNA polymerase 25.4 100 15.5 61 
Thymidine kinase 4.79 100 4.83 101 
Thymidylate kinate 8.99 100 8.64 96 

t rea ted  wi th  cycloheximide,  the  acid-soluble fract ion con- 
sisted main ly  of [aH]dTTP and [3H]TdR, the  former  
account ing for a lmost  all the  radioact iv i t ies  in phosphor-  
y la ted  der iva t ives  and the  la t te r  decreasing to near ly  
half  of t ha t  of the  c o n t r o l ( t a b l e  1). F r o m  the  above and 
previous results x*, i t  is suggested t h a t  blastulae synthesize 
D N A  ve ry  act ively,  and thus  [SH]dTTP is incorpora ted  
into D N A  as soon as formed so t h a t  i t  does no t  accumu- 
late  in the  acid-soluble f ract ion in the  control.  However ,  
in embryos  t rea ted  wi th  cycloheximide,  the  step of poly-  
mer iza t ion  to form D N A  is p a r t i a l l y  inhibited,  and the  
requ i rement  of d T T P  for po lymer iza t ion  decreases so t h a t  
[SH]dTTP accumula tes  in the  acid-soluble fraction.  The  
results are consis tent  wi th  those described previously  13. 
The  in v i t ro  act iv i t ies  of the  enzymes  involved  in D N A  
synthesis were compared  in the  presence and absence of 
cycloheximide.  Table  2 indicates  t h a t  only  D N A  poly- 
merase ac t iv i ty  is inhibi ted by  cycloheximide.  Purif ied 
D N A  polymerase  f rom sea urchin nuclei  was no t  inhibi ted 
a t  all by  cycloheximide  a t  4 raM. These results, therefore,  
suggest  t h a t  only  the  step of polymer iza t ion  of deoxyribo-  
nucleoside t r iphospha te  to form D N A  requires concomi-  
t a n t  protein synthesis,  and the  o ther  phosphoryla t ing  
enzymes do not.  
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Summary. The insoluble form of phosphomonoes terase  precipi ta ted by  means  of Zn2+-ions was prepared from the  
par t ia l ly  purif ied ex t rac t  of ra t  kidney.  The  freeze-dried prepara t ion  of the  prec ip i ta ted  enzyme is h ighly  act ive and 
is stable on hea t ing  a t  100~ 

Recen t ly  the  insoluble form of uridine kinase of a high 
s tabi l i ty  and enzyme ac t iv i ty  was prepared by  the  pre- 
c ipi ta t ion of the  enzyme by  d iva lent  me ta l  ions 1. Uridine  
kinase and o ther  enzymes  tak ing  par t  in the  course of 
metabol ic  conversions of pyr imidine  analogues used as 
cytostat ics,  are of p r imary  impor tance  in de termining  
the  biological ac t iv i ty  of these compounds.  However ,  
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Fig. i. Time course of UMP dephosphorylation using soluble and 
Zn-precipitated forms of phosphomonoesterase from rat kidney. 
0.5 mM Uridine-2-uC 5'-monophosphate was incubated at 37~ 
in 0.3 ml of 66 mM tr/s-HC1 buffer (pH 7.4) with 1.06 mg proteins 
in the soluble enzyme fraction or 1 mg of Zn-precipitated and lyoph- 
ilized enzyme preparation. 

t u m o u r  cells res is tant  to these drugs often lack the  en- 
zymes necessary for thei r  convers ion S. The  aim of our  
s tudy  is to subs t i tu te  the  missing enzymes  and to enhance 
the  deleted p a t h w a y  in m u t a n t  cell-lines. 

In  this communica t ion ,  evidence is presented t h a t  
z inc-precipi ta ted protein fract ion f rom ra t  k idney dis- 
plays the ac t iv i ty  of non-specific phosphomonoesterase .  
Since heterogeneous  alkaline phosphatase  is ex t remely  
act ive  in t h e  k idney  8 and zinc-containing phosphatases  
were isolated f rom var ious  sources (e. g J),  the  technique  
described can be used for the  simple enzyme prepara t ion  
in the  insoluble  form. 

Material and methods. The prepara t ion  of an enzyme 
ex t rac t  f rom ra t  k i d n e y  homogena te  in 25 m M  tris-I-IC1 
(pH 7.4) conta in ing 25 m M  EC1 and 5 m M  MgCI~ was the  
same as described earlier 1. The  par t ia l ly  purified enzyme 
fract ion was prec ip i ta ted  under  cooling wi th  Zn~+-ions 
added to 5 m M  concentrat ion,  the precipi ta te  centr i fuged 
and freeze-dried 1. The  ac t iv i ty  of phosphomonoes terase  
was assayed a t  377C, using uridine-2-14C 5 ' -monophos-  
pha te  (spec. r ad ioac t iv i ty  44 mCi/mmol)  as the  substrate.  
Separat ion of incubat ion  mix tu re  (66 m M  tris-HC1, 
p H  7.4, to ta l  vo lume  0.3 ml) was carried ou t  chromato-  
graphical ly  on W h a t m a n  paper  No. 1 in a solvent  sys tem 
composed of isobutyr ic  ac id -ammonium hydrox ide-wate r  

1 A. ~IH.~K, Hoppe-Seyler's Z. Physiol. Chem. 357, 345 (1976). 
2 j .  VESEL'~ and A. CIH~,K, Ontology 28, 204 (1973). 
s K. NOSE, J. Biochem. 79, 283 (1976). 
4 T. W. REIn and I. B. WILSON, The Enzymes 4, 373 (1971). 
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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  

100 
% 

"5 
g 5( 

-X 

t ~  

"~, .. 

" . ,50oc 

30 6'0 9'0 rain 
Thermal inact ivat ion 

A4oo 
( . . . .  ) 

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 .  

A. ~IH~,K and J. VESEI.'), J. Biol. Chem. 2d8, 1307 (1973). 
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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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