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SUMMARY 

Purine nucleoside phosphorylase (purine nucleoside:orthophosphate ribosyl- 
transferase, EC 2.4.2.1) has been purified I25-fold from the homogenate of chicken 
livers and some of the properties of the purified enzyme have been studied. This 
enzyme had a pH optimum at around 6.0. At high substrate levels of inosine the 
reaction rate was increased, suggesting that  substrate activation of the enzyme had 
occurred. The enzyme activity was completely lost after 48 h at --20 °. The inhibition 
by nucleotides and SO4 e- is a characteristic of this enzyme and has not been previously 
reported. 

INTRODUCTION 

The earlier investigation concerning purine nucleoside phosphorylase has been 
thoroughly reviewed by FRIEDKIN AND KALCKAR 1 at 1961. More recently, studies 
have been at tempted to elucidate the reaction mechanism of the enzyme obtained 
from human erythrocytes2-L We have reported the developmental pattern of purine 
nucleoside phosphorylase in chicken liver 8. Enzyme activity was low prior to hatching 
and then increased rapidly after hatching. However, the enzyme found after hatching, 
unlike the embryonic enzyme, was extremely unstable, suggesting that different 
molecular forms of this enzyme exist. To obtain crucial evidence of a molecular 
difference between the embryonic and chick enzyme, the partial purification and 
characterization of purine nucleoside phosphorylase of chicken liver have been 
investigated. 

MATERIALS AND METHODS 

Materials 

The following chemicals were used in this study :guanosine, xanthosine, adeno- 
sine, nucleotides, Tris and crystalline bovine serum albumin from Sigma Chemicals 
Co. ; inosine, cytidine and uridine from Kohjin Co. Ltd." protamine sulfate and hypo- 
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xanthine from Nutritional Biochemicals Corp. ; DEAE-cellulose, Sephadex gel and 
Whatman chromatography cellulose powder from Brown, Pharmacia and W & R 
Balston. All other reagents were of analytical grade. Calcium phosphate gel was 
prepared according to the method of TsuBoI AND HUDSON 9. Milk xanthine oxidase 
was purified up to the (NHa)2SO 4 step by the method of BALL 1°. 

Methods 
The assay methods and the definition of the enzyme unit of specific activity 

were described previously s. In this study, the standard reaction mixture contained 
200/,moles of Tris-acetate buffer (pH 6.o), 27/,moles of inosine, 60/~moles of phos- 
phate buffer (pH 6.0) and the enzyme preparation in a total volume of 2.7 ml. When 
nucleosides other than inosine were used as substrate, the enzyme activity was de- 
termined by  measuring the rate of production of ribose-i-P. The reaction was stopped 
by  the addition of HC104 to a final concentration of 0.3 M and heating for 15 min at 
5 °0 to hydrolyze ribose-I-P. After centrifugation, an aliquot of the supernatant was 
neutralized by  the addition of concentrated KHCOs solution. An aliquot of the 
neutralized solution was assayed for the reduction of sugar by the method of SOMO- 
GYI--NELSON TM. Protein was determined by the method of LOWRY et al. 13. 2-Mer- 
captoethanol and S042- were removed from the enzyme solution by  gel filtration on 
Sephadex G-25, since the former interfered with protein determination and the latter 
was a potent inhibitor of purine nucleoside phosphorylase of chicken liver. 

RESULTS 

Purification of purine nucleoside phosphorylase of chicken liver 
The latter few steps of the purification were adopted according to the method 

of KIM et al. 2. 

Homogenate and extract 
Fresh chicken livers were obtained from the local meat  market.  All subsequent 

operations were conducted at 4 ° unless otherwise specified. 500 g of tissue were 
homogenized in a Waring blendor with 4 vol. of 0.05 M acetate buffer (pH 6.o) con- 
taining o.oi M 2-mercaptoethanol. 2-Mercaptoethanol was maintained at this concen- 
trat ion in the following operations since purine nucleoside phosphorylase activity 
disappeared rapidly in its absence. The homogenate was centrift~ged at IO ooo × g 
for 20 min. 

Protamine treatment 
I °/o protamine solution in o.o5 M acetate buffer (pH 6.o) was added to the su- 

pernatant  so as to give a final concentration of o.12°/o . The mixture was stirred for 
60 min, and the clear dark red supernatant was obtained after centrifugation at 
IO ooo x g for 20 min. 

(NH4) 2S04 fractionation 
The supernatant was brought to o.3 saturation by adding solid (NH4)2SO 4 

(22.8 g/ioo ml). After stirring for 3 ° min, the precipitate was removed by centri- 
fugation at IO ooo × g for 20 rain. To the supernatant was added solid (NH4)~SO4 
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to o.65 saturation (24 g/Ioo lnl). The precipitate was separated by centrifugation at 
io ooo × g for 20 min and redissolved in about 200 ml of 0.05 M acetate buffer 
(pH 6.0). 

Calcium phosphate gel adsorption 
The enzyme solution was dialyzed for 3 h against o.o 5 M acetate buffer (pH 6.o) 

which was changed once during the dialysis. To 295 ml of the enzyme solution, cal- 
cium phosphate gel in an amount of 0.3 mg (dry wt.) per mg protein was added and 
the mixture was stirred for 60 min. The gel was collected by centrifugation at 5000 × g 
for io min and washed twice with ice-cold o.oi M 2-mercaptoethanol. The enzyme 
was eluted from the gel by successive treatments with 15o, 15o and 75 ml of o.15 M 
phosphate buffer (pH 7.5). 

( N H 4) 2SO a fr actionat ion 
The enzyme solution was refractionated with (NHa)2SO 4. The precipitate, ob- 

tained between 0.3 and 0.6 saturation of (NH4)2SO4, was dissolved in about 20 ml of 
0.05 M Tris-HC1 buffer (pH 7.5). 

DEAE-cellulose column chromatography 
(NH,)2SO 4 was removed from the above enzyme fraction through gel filtration 

on a Sephadex G-25 column (5 cm × 41 cm) which had been equilibrated with 0.05 M 
Tris-HC1 buffer (pH 7.5). Red-colored fractions were collected as they contained the 
enzyme. The desalted enzyme solution was placed on the DEAE-cellulose column 
(2 cm × 25 cm) which had been equilibrated with 0.05 M Tris-HC1 buffer (pH 7-5)- 
The column was then washed with 600 ml of the same buffer and eluted stepwise with 
0.05 M Tris-HC1 buffer (pH 7.5) containing o.I M, 0.2 M and 0. 4 M NaC1, respectively. 
The enzyme activity was found in the fractions of Tris-HC1 buffer containing 0.2 M 
and 0. 4 M NaC1. 

Calcium phosphate gel-cellulose column chromatography 
The concentration of NaC1 in the pooled enzyme solution was diluted to about 

0.05 M with 0.05 M Tris-HC1 buffer (pH 7.5), and the diluted enzyme solution was 
loaded on the DEAE-cellulose column (2 cm × I I  cm) which had been conditioned 
as described above. About 22 ml of concentrated enzyme solution was eluted with 
0.05 M Tris-HC1 buffer (pH 7.5) containing 0.5 M NaC1. The buffer was changed to 
I mM phosphate buffer (pH 6.0) by gel filtration on Sephadex G-25 which also 
removed the salt. The desalted enzyme solution was loaded on a calcium phosphate 
gel-cellulose column (3 cm × 21 cm) which had been equilibrated with I mM phos- 
phate buffer (pH 6.0). The ratio of the cellulose to the gel was 2o:1 (dry wt.). The 
column was washed with 0.05 M phosphate buffer (pH 7.5) until no protein was found 
at 280 nm. The enzyme was eluted with the linear gradient of 0.05 M to 0.2 M phos- 
phate buffer (pH 7.5) in a total volume of 600 ml. 7-ml fractions were collected. The 
enzyme peak emerged between Tubes 52 and 77, corresponding to the phosphate 
concentration of about o.12 M to o.16 M. 

Sephadex G-zoo column chromatography 
The enzyme solution was diluted to about o.o5 M phosphate, followed by 
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T A B L E  I 

P U R I F I C A T I O N  O F  P U R I N E  N U C L E O S I D E  P H O S P H O R Y L A S E  F R O M  C H I C K E N  L I V E R  

The standard a s say  m e t h o d  was described in the text .  

Fraction Total Total Protein Specific 
vol. activity (mg/ml) activity 
( ml ) (units) (units/rag) 

(I) H o m o g e n a t e  241o 8200 36.1 0.094 
(2) S u p e r n a t a n t  a t  io ooo × g for 20 rain 178o 6060 14. 9 0.226 
(3) P r o t a m i n e  sul fa te  1985 445 ° i 1.8 o. 19o 
(4) (NH4)zSOI (0-3-0.65 satn.)  295 393 ° 57.0 o.234 
(5) Calcium phosphate gel 363 2790 7.97 0.965 
(6) (NH4)2SO 4 (o.3-o.6 satn.)  34.0 2290 65.2 1.o3 
(7) DEAl?i-cellulose co l umn  22.2 779 7.65 4.58 
(8) Calcium phosphate gel-cellulose column 131.o 376 0.27 lO.6 
(9) Sephadex  G- ioo  35.1 255 0.62 11. 7 

concentration with DEAE-cellulose as described above. The concentrated enzyme 
solution was applied to the Sephadex G-Ioo column (2 cm × 41 cm) previously 
equilibrated with o.o5 M Tris-HC1 buffer (pH 7.5) containing o.2 M NaC1. The elution 
was carried out with the same buffer and 5-ml fractions were collected. The enzyme 
emerged as a single peak between tubes 6 and 15. 

The specific activity of purine nucleoside phosphorylase was 11. 7 after this 
purification step and represented a I25-fold increase over the original homogenate. 
The results of a typical purification are summarized in Table I. 

Some properties of purine nucleoside phosphomlase 
The following results were obtained with the enzyme preparation which had 

been purified up to the Sephadex G-ioo gel filtration step. 

p H  opt imum 
The  o p t i m a l  p H  o f  the  purif ied e n z y m e  p r e p a r a t i o n  w a s  f o u n d  to be a r o u n d  6 .0  
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Fig. I. Effect  of  p H  on the  ac t iv i ty  of  purine nucleoside phosphorylase. The enzyme activity was 
determined by the standard a s say  me thod .  0 . 2  M ace ta te  and  T r i s - aee t a t e  buffer were used in 
order to cover the p H  range,  4.0 to 5.5, and  5.5 to 9.5, respectively. 
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T A B L E  I I  

SPECIFICITY OF PURINE NUCLEOSIDE PHOSPHORYLASE OF CHICKEN LIVER FOR PHOSPHOROLYSIS 

The  reac t ion  m i x t u r e  con t a ined  3 #moles  of nucleosides,  36/~moles of p h o s p h a t e  buffer (pH 6.0), 
320/*moles of  a ce t a t e  buffer (pH 6.0) and  the  enzyme  p r e p a r a t i o n  in a t o t a l  vo lume  of 1.5 ml. 
The  reac t ion  m i x t u r e  was  i n c u b a t e d  a t  37 ° for io  min. The succeeding procedures  were as des- 
cr ibed in the  tex t .  

Substrate Relative 
activity 
(%) 

Inos ine  ioo  
Guanos ine  61.o 
X a n t h o s i n e  37.o 
Adenosine,  cyt id ine ,  

uridine,  AMP, IMP  o 

Substrate specificity 
The enzyme catalyzed phosphorolysis of inosine, guanosine and xanthosine 

and maximum activity was observed with inosine as a substrate (Table II). 

Stability 
The activity of the crude enzyme decreased gradually at --20 ° as noted previ- 

ously s. The purified enzyme lost its activity completely at --20 ° after 48 h, whereas 
at 4 ° only lO% of the activity was lost after 48 h as shown in Fig. 2. 

Inhibition 
Nucleotides, especially ADP, and Na2SO, markedly inhibited phosphorolysis 

100' 

8 0  

~ 6 C  

'~ 4C 
E 

._> 

< 
0 

"20° 0 

1 2 3 4 
Tim e (days) 

I00 

80 

6C 

4C 

0 4 8 12 '16 20 
ADP ,( m M ) 

Fig. 2. S t a b i l i t y  of purif ied pur ine  nucleoside phosphorylase .  The purif ied enzyme,  wh ich  was  
e lu ted  t h r o u g h  ca lc ium p h o s p h a t e  gel-cellulose co lumn w i t h  p h o s p h a t e  buffer (pH 7.5), was  
a l lowed to  s t a n d  a t  4 ° or - -2o  °. The  enzyme  a c t i v i t y  was  de t e rmined  a t  ind ica ted  t ime  by  the  
s t a n d a r d  a s say  method.  

Fig. 3. I n h i b i t i o n  by  Na2SO 4 or ADP. The enzyme  a c t i v i t y  was  de t e rmined  shor t ly  af ter  the  
l as t  p rocedure  of  pur i f ica t ion  had  been over. The reac t ion  m i x t u r e  con ta ined  5.4 #moles  of inosine,  
360/*moles of a ce t a t e  buffer (pH 6.0) a nd  the  enzyme  p repa ra t i on  in a t o t a l  vo lume  of 1. 5 ml. 
A D P  or Na2SO 4 was  added  in the  concen t ra t ions  ind ica ted .  The reac t ion  was s topped  by  a d d i n g  
1. 5 ml  of 0.6 M HC104. The p rec ip i t a t e  was  r emoved  by  cen t r i fuga t ion  and  an a l iquo t  of t he  
s u p e r n a t a n t  was  neu t ra l i zed  by  a d d i n g  concen t r a t ed  KHCO 3. H y p o x a n t h i n e  of neu t r a l i zed  
so lu t ion  was  de t e rmined  as descr ibed p rev ious ly  8. 
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(Fig. 3). Na2S03 was less po ten t ,  whereas carbonate  and  n i t ra te  d id  not  show inhi- 
bi t ion.  This inhibi t ion  appears  to be a charac ter i s t ic  of  this  enzyme and has not  been 
repor ted  previously.  This enzyme was also inh ib i ted  b y  p-chloromercur ibenzoate .  
The inhibi t ion can be s l ight ly  p reven ted  b y  the  pr ior  add i t ion  of 2 -mereap toe tha-  
noP4-~s. 

Substrate activation at high concentration of inosine 
When  the concent ra t ion  of inosine was var ied  at  the  cons tan t  level of phospha te  

(22.2 mM), the  L ineweave r -Burk  plots  y ie lded  a s t ra igh t  line at  low concent ra t ions  
bu t  curved downward  at  high concent ra t ion  of the  subs t ra te  (Fig. 4). 
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Fig. 4. The effect of concentration of inosine on the velocity of phosphorolysis. Double-reciprocal 
.plots of initial velocity against inosine concentration. The reaction mixture, in a total volume 
of 2.7 ml, contained various amount of inosine, 200/*moles of Tris-acetate buffer (pH 6,o), 
6o/zmoles of phosphate buffer (pH 6.o) and the enzyme preparation. The reaction mixture was 
incubated at 37 ° for xo min. Hypoxanthine formed in the reaction mixture was determined as 
described previously s. 

DISCUSSION 

p H  op t imum of  this  enzyme at  a round  6.0 wi th  a single sharp peak  appears  to 
be a charac ter i s t ic  of this  enzyme,  as o ther  workers  have repor ted  t ha t  pur ine  
nucleoside phosphorylase  from other  sources had  a p H  op t imum at  7.o-8.o. The l iver  
enzyme appears  s imilar  to the  enzyme of  fish muscle 19 which has a p H  o p t i m u m  at  
6.0 wi th  a b road  single peak,  as well as the  enzyme from human  e ry th roey tes  which 
has a p H  o p t i m u m  at  6.0 for arsenolysis  TM. 

As descr ibed previous ly  8, crude chick enzyme is unstable  in compar ison wi th  
embryonic  enzyme as i t  g radua l ly  loses ac t iv i ty  on s torage at  - -20  ° . The purif ied 
enzyme also was inac t iva ted  m a r k e d l y  at  - -20  °, whether  it  conta ined  2-mercapto-  
e thanol  or not .  This is the  first t ime t ha t  purine nucleoside phosphory lase  has  been 
found to be labile when s tored at  - -20  ° . 

The phosphorolys is  of inosine at  a cons tan t  level of  phospha te  increased with  
high concent ra t ion  of inosine. This observa t ion  might  suppor t  the  hypothes i s  of 
PARKS et al. ~-5 t ha t  the  purine nucleoside phosphorylase  is mul t iva l en t  wi th  co- 
opera t ive  in te rac t ion  between act ive sites. The inhibi t ion  of purine nucleoside phos- 
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phorylase by nucleotides or S042- has not been reported by previous workers. Freshly 
purified enzyme was not inhibited to the same extent by ADP or Na2S04, however 
the degree of inhibition increased with time or storage at 4 ° . I t  remains unexplained 
why the unpurified enzyme was inhibited more effectively than the fresh purified 
enzyme. The answer to this question might hold the key to the structure and function 
of purine nucleoside phosphorylase from chicken liver. Attempts  to retain the sensi- 
t ivity to inhibition of freshly purified enzyme, such as the addition of heat-treated 
chicken liver homogenate (IOO °, 15 min) or the addition of enzyme-free eluate from 
DEAE-cellulose column to fresh purified enzyme solution, however, were unsuccess- 
ful. 
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