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may  also be recalled tha t  ferrous iron (at the same optimal concentrat ion of M/8oo) considerably 
reversed the "dilut ion effect" found with intact cells 4. These findings suggest tha t  perhaps a 
further  electron-transport ing system, in addition to the menadione and cytochrome systems, is 
a component  of the nitrate reductase sys tem of E. coli 1433. 
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The role of nucleoside phosphorylase in erythrocyte preservation* 

Erythrocytes  stored in acid-citrate-dextrose (ACD) at 4 ° undergo a progressive loss of 
physiological viability, as measured by post- t ransfusion survival, and a s imultaneous decline in 
the level of cellular phosphate  esters, principally adenosine t r iphosphate  and 2,3-diphospho- 
glycerate. Previous studies from this laboratory have demonst ra ted  tha t  after deterioration upon 
storage, cells may  be rejuvenated by  incubation with certain purine nueleosidesl, 2. The rejuve- 
nat ion is indicated by  a marked resynthesis  of phosphate  esters from or thophospha te  (cf. Column I, 
Table I), and a concomitant  restorat ion of the viability of the red cell**3. The ability of nucleosides 
to effect the resynthesis  of phospha te  esters is retained in hemolysates  (c[. Column II) with the  
same order activity for the nucleosides: inosine > adenosine > guanosine > xanthosine.  Deoxy- 
adenosine and 2,6-diaminopurine riboside (kindly supplied by  Dr. G. B. BROWN) were somewhat  
less effective than  xanthosine in the intact  cell system, whereas adenosine mono- and tri-sulfate 
(kindly supplied by Prof. Dr. A. HocK) were inactive. Pyrimidine nucleosides (thymidine, uridine 
and cytidine) are inactive and do not  inhibit the action of purine nucleosides. Purine bases and 
ribose, alone or in combination, are inactive. Trichloracetic acid filtrates of stored cells, which 
have been re juvenated by  the above nucleosides, contain quanti t ies  of the corresponding purine 
bases as revealed by  paper  chromatography  in n-butanol /water  (85/15). The above evidence 
suggests tha t  red cell rejuvenation is initiated by the action of a purine nucleoside phosphorylase5 : 

Purine-ribose + Pi -~ purine + r ibose-I-P (1) 

which cleaves the nucleoside with the s imultaneous conversion of or thophosphate  (Pi) to ribose- 
i -phosphate .  Subsequent  metabolism of the phos- 

TABLE I phorylated pentose then provides energy for the 
RESYNTHESIS OF PHOSPHATE ESTERS resynthesis of phosphate  esters. 

BY NUCLEOSlDES 

y M  o /organic  P ; z oo ml  red cells* 

Intact  cells** Hemolysate*** 

Control§ 400 229 
Inosine 13o 5 917 
Adenosine i 135 876 
Guanosine 980 836 
Xanthosine  894 687 

* Phosphate  measurements  as described previ- 
ously 4. 

** H u m a n  blood, stored 25 days. 13oo/~M nucleo- 
side/ioo ml cells; incubated for 45 rain at 37 °. 

*** Hemolysate  prepared from h u m a n  blood stored 
21 days. Values recalculated on the basis of ioo ml 
of cells, i i oo /~M nucleoside/ioo ml cells; incubated 
for I h a t 3 7  ° . 

§ Stored blood incubated in the absence of 
nucleoside. 

* Aided by grants  from the Office of the Surgeon General of the Depar tmen t  of the Army, 
the U.S. Atomic Energy  Commission, and the Public Health Service. 

The authors  are indebted to Miss ENID NURK and Miss MARION HENNESSEY for their assis- 
tance on this problem. 

* * Similarly, if nucleosides are added to fresh cells in ACE there is a prolongation of the effective 
period of storage, i.e. approximate ly  4 ° 5 ° days in contras t  to the value of 21 days which has 
been established for ACD alone 3. 
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h i  order  to t es t  t h i s  hypothes is ,  he m o lys a t e s  were e x a m i n e d  for phosphory la se  ac t iv i ty*  
wi th  the  above  four pur ine  nucleosides,  l,'or convenience  in a s say ing  the  enzyme,  phospha t e  was  
replaced by  a r sena te  in the  sys tem,  and the  reacti{m was followed by the  m e a s u r e m e n t  (}f l iberate,  t 
r ibose : 

t',urine~rit)ose : a r sena te  > pur ine  • l ' i bose- i -a r sena ie  21 
i 

H ,2 ( ) i 
+ 

ril,ose 

TA 131+E I1 

NUCLEOSIDIg PHOSPIIORYLASE ACTIVITY 

p M  ribosc /ormed 

Hcmal3 sah' lh~ritied en:rmc 

lnos ine  0.o 0.o 
Adenosine 3.+~ o.o 
Guanos ine  2.4 3.6 
Xan thos ine  2.4 o.4 

Reac t ion  m i x t u r e  con ta ined  ~o # M  of nucleu- 
side, 2o /+M of arsenate ,  ioo  / ,M of Tris  buffer, 
pH  7.3, o-5 ml of c rude  h e m o l y s a t e  or 72 l*g of purl 
fled phosphory la se  in a t o t a l  vo lume  of 3.o ml. After  
incuba t ion  for 3 h a t  37 °, the  solut ion was hea ted  
for 5 rain a t  [oo °, and  a 1 .o ml  a l iquo t  was  ana lyzed  
for r ibose by  a s l igh t  modi f ica t ion  of the  me thod  
of ~ELSON 8. 

:ks shown in Column I of Table  I t ,  the  re la t ive  order  of a c t i v i t y  of the  nucleosidcs  f(,r 
enzymic  phosphoro lys i s  is e xa c t l y  the  same as for the  r e j u v e n a t i o n  phenomenon .  

The nucleoside  phosphory la se  has  been purif ied abou t  r25-fold from hemolysa tes ,  using 
adsorp t ion  (pH 5.5) and  e lut ion (o. 5 k I  p h o s p h a t e  buffer, pH  8.o) of the  enzyme  from ca lc ium 
p h o s p h a t e  gel, se lect ive  hea t  d e n a t u r a t i o n  (6o ~ for 5 rain) and a m m o n i u m  sul fa te  f rac t iona t ion  
(6o % sa tu ra t ion)  1. E n z y m i c  a c t i v i t y  can  be followed by  the  arsenolys is  react ion,  or in the  case 
of inosine, the  sy s t em can be coupled wi th  x a n t h i n e  oxidase  in order to oxidize h y p o x a n t h i n e  
to  uric acid 5. The l a t t e r  reac t ion  can be followed m a n o m e t r i c a l l y  102 uptake)  or spec t rophoto-  
me t r i ca l l y  ( increased l igh t  absorp t ion  a t  "29o In/*). The Michael is  c o n s t a n t  (K,~) for inosine with 
the  purif ied enzyme  is ca. io a M, which  agrees well w i th  the  " a p p a r e n t "  K,, wdue  rep{+rted 
p rev ious ly  for nueleoside  u t i l i za t ion  in the  r e j u v e n a t i o n  process in the  i n t ac t  cell sys t em +-. 

The purif ied enzyme  acts  only upon inosine and  guanos ine  {Column II ,  "Fable II),  l in t  with 
the  same ra t io  of ac t iv i t i e s  as observed  in the  crude hemolysa te .  The fai lure (If adenos ine  and 
x a n t h o s i n e  to  be u t i l i zed  b y  the  purif ied enzyme  ind ica tes  t h a t  in hemolysa t e s  ()r i n t ac t  cells, 
these  nucleosides  m u s t  be conver t ed  first to  e i the r  inosine or guanosine.  The convers ion ~,f 
adenos ine  to  inosine by  the  adenosine  deaminase  in e ry t h rocy t e s  has  been es tab l i shed  previ-  
ously% TM. From p re l im ina r y  exper iments ,  x a n t h o s i n e  appears  to be con~er ted  to gmtnosine, but  
the  mechan i sm of th is  reac t ion  r ema ins  to be e lucidated .  
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* The ex is tence  ot a nucleoside phosphory lase  in e ry th rocy t e s  has  been pos tu l a t ed  prex-im>l\ 
by I)ISCHE 6 and by  PRANKERD AND ALTMAN 7. 


