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2-Azaadenosine triphosphate as a substitute for adenosine triphosphate 
in active transport of potassium across the erythrocyte membrane 

It was reported previously that, when human erythrocytes preserved for more than 
8 weeks were incubated with 2-azaadenine or 2,6-diaminopurine together with inosine, 
a considerable amount of the corresponding ATP analogue was accumulated within 
the cells 1. These erythrocytes with unnatural nucleotides had a fairly high activity 
in the production of lactic acid from added inosine. Moreover, a preliminary experi- 
ment showed that both the ATP analogues could serve as substrates for yeast hexo- 
kinase. These findings stimulated us to investigate if the ATP analogues act as substi.. 
tutes for ATP in active transport of cations across the erythrocyte membrane. 

Long-stored human erythrocytes were pre-incubated in Krebs- Ringer phosphate 
solution containing inosine (IO mM) with addition of adenine or adenine analogue 
(2 raM) for 4 h at 37 °, and then allowed to stand overnight at 4 °. The cells were 
wa~qhed with K+-free saline solution repeatedly in the cold and incubated in 3 vol. 
of Krebs-Ringer phosphate solution containing KCI ( I - I .  4 mM) and inosine (IO mM) 
for 5 h at 37 °. Samples of the cell suspensions were taken out for analyses after 
various time intervals. The potassium concentration inside the cells was calculated 
from the values in the medium and whole suspension and the hematocrit. The sample 
taken after 3-h incubation was deproteinized with trich!oroacetic acid and the extract 
subjected to chromatography on a Dowex-I chloride column according to COH~ ANY 
CAR'r~R z with slight modifications. Tile fractions containing ATP and its analogue 
were collected and the amount of each nucleotide was calculated from the absorbancies 
at 250 and 260 m/~. 

Table I summarizes the results of a typical experiment. I t  can be seen that only 
2-azaadenosine triphosphate and not the other ATP analogue was as effective as ATP 
for potassium uptake by the cells. The addition of ouabain to this system completely 
inhibited the activation produced by accumulation of 2-azaadenosine triphosphate 
as in the case of ATP regeneration. 

As POST et al. s reported an ATPase in the erythrocyte membrane which required 

T A B L E  I 

UPTAKE OF K + BY ERYTHROCYTES WHICH HAD ACCUMULATED A T P  AND A T P  ANALOGUES 

Nueleotlde, s (l~moles/ml ceils) Change in potassium 
Added in prcincubaticm Ouabain 

A TP A TP analogue (t*molcslml cells~h) 

H o n e  - -  o.  12 - -  o . o o  

0 . 2  m M  a d e n i n e *  - -  0 . 5 4  - -  0 . 5 4  

A d e n i n e  - -  x .34  - -  0 . 8 6  

+ L 3 6  - -  - - o . x 2  

2 , 6 - D i a m i n o p u r i n e  - -  o . x 3  o . 5 2  o . o 8  

+ o A  4 0 . 5 3  0 . 0 6  

z - A z a a d e n i n e  - -  o.  13 o.  7 0  0 . 6 o  
+ o . 1 3  o . 6 9  o.Oo 

* T h e  c o n c e n t r a t i o n  o f  a d e n i n e  w a s  r e d u c e d  t o  0 . 2  m M .  
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"[ABLE II 

ACTION OF ERYTHROCYTE-MEMBRANE ATPASE ON ATP AND ATP ANALOGUES 

Complete assay system was the same as employed by Pos t  et al). The concentration of sodium 
was 80 mM and of pt~tassium 3" raM. The activity is expressed as [tmoles PI liberated during 
t-h iacubation at 40 ° per nag dr_,,, wt. of the enzyme. Ouabain was added in final concentration 

of :q" io -5 M. 

Without With addi! ion Subslrate Complete Na + and K ÷ of ouabain 

ATP 0.90 0.59 0.55 
z,6- Diaminopurine 

riboside triphosphate o. 14 o. IS o. t 4 

.KTI' 2 . o 6  i. 28  1 .26  
-'-Azaadenosine triphosphate 1.86 r.2o 1.27 

b o t h  s o d i u m  a n d  p o t a s s i u m  a n d  was i n h i b i t e d  b y  o u a b a i n  t h e  e n z y m e  a c t i v i t y  wi th  
t h e  A T P  ana logues  as s u b s t r a t e  was inves t iga ted .  As seen in t h e  T a b l e  I I ,  2-aza- 
a d e n o s i n e  t r i p h o s p h a t e  was h y d r o l y s e d  a.,, r ap id ly  as A T P  in t h e  presence  of m e m b r a n e  

A T P a s e  a n d  t h e  a c t i v i t y  was d e p e n d e n t  u p o n  N a  + a n d  K + a n d  i n h i b i t e d  b y  onaba in .  

T h e  e n z y m e  ac t i on  on  2 ,6 -d i aminopur ine  r ibos ide  t r i p h o s p h a t e  was m u c h  less, a n d  
a d e p e n d e n c y  on  Na  + a n d  K + a n d  a n  o u a b a i n  s e n s i t i v i t y  were n o t  seen. 

These  f ind ings  offer f u r t h e r  ev idence  for t h e  v iew t h a t  m e m b r a n e  A T P a s e  is a 
p a t t  of a s y s t e m  for ac t i ve  t r a n s p o r t  of ca t ions  in  ery-throcyte.  

I t  has  b e e n  o b s e r v e d  t h a t  w h e n  t h e  A T P  level  in  t h e  aged  e r y t h r o c y t e s  is re, ; tored 
b y  i n c u b a t i o n  w i t h  b o t h  a d e n i n e  a n d  inos ine ,  t h e  shape  of t h e  cells changes  f rom 
a s m o o t h  s p h e r e  t6  t sha l low-bowl  fo rm 4. T h e  s ame  t r a n s f o r m a t i o n  took  place  w h e n  
z - a z a a d e n o s i n e  t r i p h o s p h a t e ,  b u t  n o t  2 , 6 - d i a m i n o p u r i n e  r ibos ide  t r i p h o s p h a t e ,  was  
a c c u m u l a t e d  in t h e  cells. I t  is sugges ted  t h a t  t h e  p r inc ipa l  f u n c t i o n s  of t h e  e ry th rocy ' t e  
m e m b r a n e ,  ac t i ve  t r a n s p o r t  of ca t ions  a n d  m a i n t a i n a n c e  of t h e  cha rac t e r i s t i c  shape ,  

are  d e t e r m i n e d  b y  a c o m m o n  s t r u c t u r a l  e l e m e n t  i n v o l v i n g  A T P a s e  ac t iv i ty .  

Depar tmen t  o f  Physiological  Chemistry  and  Nutr i t ion ,  MASAMITI TATIBANA 

F a c u l t y  o f  Medic ine ,  The  Univers i ty  o f  Tokyo,  TAKASHI HASHLMOTO 
Tokyo  (Japan)  HARUHISA YOSHIKAWA 

t i'~. TATIBANA AND H. YOSHIKAWA, Biochim. Biopttys. Acta. 57 (t962) 623. 
s W. E. Cons AND C. E. CARTER, J. Am. Chem. Sot.. 7" (I95 o) 4273 • 
a R. L. PosT, C. R. MERRZr, C, R. KZNSOLVZNG A,'~D C. D. ALBRIGaT, J. Biol. Chert,., 235 (tO6ol 

1796. 
4 M. NAKAO, T. NAKAO, M. TAT:BASA Ann H. ¥OSmKAWA, J, Biochem. Tokyo, 47 (I96oi 66L 

R e c e i v e d  O c t o b e r  zst ,  ~962 
Biochim. Biophys. dcta, 7I (I"963) 464-465 

sc 2235 

Interference by rnenadiol in ~:he ¢o|orimetric estimation of n i t r i t e  

D u r i n g  t h e  course  of our  i n v e s t i g a t i o n s  on  t h e  p rope r t i e s  of a m e n a d i o n e - d e p e n d e n t  
n i t r a t e  r e d u c t a s e  in  Agrobacter ium tumefaciens ( u n p u b l i s h e d  work)  we o b s e r v e d  t h a t  
t h e  e n z y m e  a c t i v i t y  as  m e a s u r e d  b y  n i t r i t e  f o r m a t i o n  was  d r a s t i c a l l y  dec reased  as 
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