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The purification and properties of hydropyrimidine dehydrogenase 
This  no te  p resen t s  some  proper t ies  and  a m e t h o d  for t he  par t ia l  pur i f icat ion f rom beef liver 
ace tone  powder,  of an  e n z y m e  ca ta lyz ing  the  react ion:  

Hydropy r i mi d i ne  + T P N  § ~ Pyr imid ine  + T P N H  + H + 

All cen t r i fuga t ions  were a t  5ooo × g. The  a m m o n i u m  sul fa te  so lu t ions  were s a tu r a t ed  and  ad ju s t ed  
to p H  7.4 a t  o ° C. All the  s teps  of the  f rac t ionat ion  procedure  were carried ou t  a t  o ° C. The  vo lume  
of the  r eagen t  added  du r ing  f rac t ionat ion is referred to the  vo lume  a t  the  beg inn ing  of the  
par t icu la r  step.  

I t  is i m p o r t a n t  to ca r ry  ou t  the  f rac t ionat ion procedure  and  a n y  addi t ional  s tudies  in a 
single day,  since the  e n z y m e  is h ighly  unstable .  

50 g acetone powder  t,~ were ex t rac ted  with 5o0 ml deionized wa te r  for 2o rain and  t h e n  
cen t r i fuged  for 15 rain. The  s u p e r n a t a n t  fluid (crude ex t r ac t  in Table  I) was mixed  with one vol. 
a m m o n i u m  sul fa te  solut ion and  cent r i fuged  for 15 rain. The  precipi ta te  was  dissolved in wa te r  
to a concen t ra t ion  of 2o :~. i m g  pro te in /ml  (ISt a m m o n i u m  su lpha te  in Table  I). The  enzyme  
was  fu r the r  f rac t iona ted  by the  addi t ion  of o.59 vol. a m m o n i u m  su lpha te  solution,  followed by  
cent r i fuga t ion .  The  prec ip i ta te  was  discarded and  the  e n z y m e  was prec ip i ta ted  by the  addi t ion  
of o.465 voh a m m o n i u m  su l pha t e  to the  s u p e r n a t a n t  fluid. The  m i x t u r e  was cent r i fuged  for 
2o rain and  the  prec ip i ta te  t aken  up in wa te r  (znd a m m o n i u m  su lpha te  in Table  I). The  e n z y m e  
was fu r ther  f rac t iona ted  by  ad j u s t i ng  the  p H  to 4.1 (pH measu red  a t  a b o u t  5 ° C) wi th  o . i N  
acetic acid (about  I5 ml  were required) and  then  add ing  o. i  vol. o . 3 7 M  sulphosal icyl ic  solut ion 
ad ju s t ed  to p H  4.I.  The  prec ip i ta te  was cent r i fuged off and  discarded.  The  s u p e r n a t a n t  fluid, 
con ta in ing  the  enzyme,  was mixed  wi th  x vol. calc ium p h o s p h a t e  gel s (3 ° m g  d ry  weight /ml) ,  
cen t r i fuged  for 5 min  and  the  s u p e r n a t a n t  discarded.  The  gel was  e lu ted  first wi th  4 ° m l  o . 2 M  
p h o s p h a t e  buffer, p H  7.35, and  then  wi th  5 ° m l  o . 5 M  p h o s p h a t e  buffer, p H  7.35. The second 
e luate  con ta in ing  t he  e n z y m e  wi th  h igher  specific ac t iv i ty  was re ta ined (see Table I, gel eluate).  
The  e n z y m e  can be concen t ra ted  a t  this  s tage  with 3 vol. a m m o n i u m  sulphate .  Table  I shows  
the  s u m m a r y  of the  purif icat ion procedure.  

T A B L E  I 

SUMMARY OF PURIFICATION PROCEDURE 

Fraction Volume Units" Protein Speci/ic* AaivaBon** 
ml mg aaivity % 

Crude  ex t r ac t  420 1,26o i 1,700 o.11 o 
i s t  A m m .  sul fa te  18o 1,23o 3,600 0.34 4 ° 
2nd Atom.  sul fa te  8o 8oo 1,6oo 0.50 5 ° 
Gel e luate  5 ° 375 168 2.2 5 ° 

The  purif icat ion procedure  repor ted  here has  been repeated  more  t h a n  IO t imes  with m a x i m u m  
differences of 20 % in yields and  in specific ac t iv i ty .  

" Wi th  h y d r o t h y m i n e  as a subs t ra te .  
" *  The  e n z y m e  is ac t iva ted  by su lphosa l icy la te  and  sal icyla te  in a wide range of concent ra t ions .  

A b o u t  m a x i m u m  ac t iva t ion  is seen a t  0.02 M. 
Rou t ine ly  the  e n z y m e  was mi xed  with the  following c o m p o n e n t s  in a 1 cm B e c k m a n  cuve t t e  

in a final vo lume of 3 ml :  zoo #moles  p h o s p h a t e  buffer  p H  7.35, 25 #moles  h y d r o t h y m i n e  or 
o t h e r  subs t r a t e s ,  and  o. 5 /*mole  T P N .  W h e n  measu r i ng  pyr imid ine  reduct ion  the  hydropyr imid ines  
were replaced by pyr imid ines  and  the  T P N  was replaced by  0. 3 /*mole  T P N H .  One e n z y m e  un i t  
causes  a change  of optical  dens i ty  a t  34 ° m/ ,  and  30 ° C of o.oox/min.  Specific ac t iv i ty  is defined 
as  the  n u m b e r  of enzym e  uni t s / rag  protein e s t ima ted  by the  me thod  of MOKRASCH et al.*. Blank 
values  (wi thout  subs t ra tc )  are nil wi th  the  I s t  a m m o n i u m  su lpha te  fract ion or pure r  f ract ions 
when  s t u d y i n g  the  react ion from the  hyd ropyr imid ine  side, bu t  they  still show considerable  
" b l a n k "  when  T P N H  is used (about  IO°/o of m a x i m a l  ra te  with subs t ra te ) .  

Unde r  the  condi t ions  of a s s ay  indicated in the  legend of Table  I there  is propor t iona l i ty  
between e n z y m e  concen t ra t ion  and  rate  and  also between t ime  and  effect. This  is par t icu lar ly  
a p p a r e n t  when  us ing  pyr imid ines  as  subs t ra tes .  L inear  kinet ics  can be observed a t  low levels 
of  convers ion  from the  hyd ropyr imid ine  side, as shown in Fig. i, with h y d r o t h y m i n e  and  hydro-  

§ The  following abbrev ia t ions  are  used:  T P N ,  t r iphosphopyr id ine  nucleot ide;  T P N H ,  reduced 
t r iphosphopyr id ine  nucleotide.  
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uracil as substra tcs ;  however, at higher levels of conversi~m, there is n-  pr~portionalily llotwoeu 
effect and time due either to an unfavorable equil ibrium fur pyrimidine f¢~rmati~m or t~ the 
presence of the hydrupyrimidine hydrase ~ ,l in the prepara t iuns  of hydropyrimidine, dchydr~)Igenase 
used, or both. The ettect of pH ,m the rate of conversion of pyrimidines into hydropyr imidincs  
and of hydropyr imidmes  into pyrimidines is illustrated in Fig. -. The~q) t imum plf is about  7-I 
in either case. 

0 ~ 4 6 8 IO 
TIME IN MINUTES 

Fig. i. The effect of hydrouracil  and of hydro- 
thymine  upon TPN reduction. Exper iments  
were carried out  under the conditions of assay 
indicated in the text  using I4 units  of the gel 
eluate fraction (concentrated by am m on i um  
sulphate  precipitation). O.D. changes shown 

were corrected fur initial O.D. values. 
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Fig. 2. Effect of pH upon the enzymic forma- 
tion of pyrimidine and hydropyrimidines.  Con- 
ditions of assay were as described in the text  
except tha t  the p l t  was changed as indicated 
in the figure. The folluwing buffers were used: 
phospha te  buffer from pH 6 to 7.8 and tris- 
(hydroxymethy l )aminommethane  for pH 8.5. 

Relative rates expressed as '~o of values obtained with uracil as a subst ra tc  were t3o, 57, 
56, 55, _,8 and 5 with 5-bromouracil,  5-iodouracil, thymine,  hydrothymine ,  hvdrouracil  and 
hvdrouridvtic acid. Cytosine, uridine, 5-bromohydrouraci l  and 6-uracil methyl  snlphone were 
inactive. Also the latter was not an inhibitor when uracil was used as a substrate .  

In confirmation of the work of CANELkAKXS s we found tha t  DPN cannot  replace TPN. 
Mg ++, Mn ~-, Zn +-, F e ' ' ,  ( ' o ' ' ,  e thylenediaminetetraacetate  and cvsteine t i p  to l . l o - a 3 t  had 
no effect on the enzyme when tested with hydro thymine  as subs)rate.  

The Michaelis constant  (Kin) calculated graphically ~ is 6" lo 131 for hydro thymine  and for 
hvdrouracil.  I t  has not been pos,sible, due to the lack of a more sensitive assay, to measure the Km 
from the pyrimidine side. However,  from the data  obtained with the spectrophotometr ic  method 
the K m values are less than 3' l ° - s  with either thymine or uracil. 
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