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I 7 o  BIOCHIMICA ET BIOPHYSICA ACTA 

BBA 96880 

ADENOSINE METABOLISM IN HUMAN ERYTHROCYTES 

F R A N K  L. M E Y S K E N S  AND H I B B A R D  E. W I L L I A M S  

Medical Service, San Francisco General Hospital, and Department o[ Medicine, University o[ Cali- 
[ornia, San Francisco, Call/. (U.S.A.) 

(Received J a n u a r y  4th, 1971) 

SUMMARY 

I. The metabolism of [8-14Cladenosine was examined in human erythrocytes 
and erythroeyte lysates. 

2. The metabolism of [8-uC]adenosine in erythrocytes is largely dependent upon 
its concentration. 

3. Adenosine deaminase and adenosine kinase activities were assayed in crude 
erythrocyte lysates. No adenosine phosphorylase activity was detected. 

4. Adenosine deaminase exhibited a K m for adenosine of 4 " lO-5 M. Substrate 
inhibition of the enzyme was exhibited at concentrations of adenosine greater than 
2 " IO -4 M. No inhibition of deaminase activity by equimolar or greater concentia- 
tion of AMP, ADP, ATP, GDP, GTP, PI, guanylic acid or 2,3-diphosphoglycerate 
was noted, but 20 % inhibition by high concentrations of adenine and inosine was 
observed. 

5-Adenosine kinase required ATP (Kin = 4" Io-4M), adenosine (Km = 
1. 9 - lO -6 M), and Mg 2+ for activity. No substrate inhibition by adenosine occurred 
at concentrations 20 times its Kin. Adenosine 5'-triphosphate and Mg ~+ were inhibi- 
tory at concentrations greater than 1.25 mM and 0.50 raM, respectively. The reac- 
tion of ATP with adenosine kinase was competitively inhibited by AMP, ADP, 
guanylic acid, GDP, IMP, and adenine. Adenosine 5'-triphosphate was variably re- 
placeable as the phosphate donor by a wide range of triphosphates. 

INTRODUCTION 

Adenosine occupies an interesting central position in purine metabolism. Al- 
though largely derived from the dephosphorylation of adenine nucleotides, this nu- 
cleoside is subject to three metabolic fates: phosphorylation to the nucleotide level, 
deamination to inosine, or conversion to the base level by adenosine phosphorylase 
(EC 2.4.2.I). Purified preparations of the enzyme adenosine kinase (EC 2.7.1.2o ) 
have been studied extensively 1-8, and adenosine deaminase (EC 3.5.4.4) has been 
examined in selected systems 7-n. Adenosine phosphorylase has been found only in 
bacterial systems 12-~4. However, most studies of enzymes involved in adenosine 
metabolism have been directed toward investigation of the metabolism of purine 
analogues. Only recently have attempts been made to study the intermediates 
formed during the metabolism of adenosine and the factors influencing the meta- 
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bolism of adenosine itself 6,15-1s. This communication describes the metabolism of 
adenosine in human erythrocytes and erythrocyte lysates. Special attention is direct- 
ed toward elucidating the factors controlling adenosine metabolism. 

MATERIALS AND METHODS 

Preparation o[ erythrocytes and erythrocyte lysates 
Whole blood was obtained by  venipuncture and collected in heparinized tubes. 

The blood was centrifuged at 2ooo×g  for IO rain and the plasma and buffy coat 
discarded. The packed erythrocytes were washed twice with 0. 9 °/o saline and cen- 
trifuged with an equal volume of 0. 9 °/o saline at iooo ×g  for IO rain. This erythrocyte 
suspension was used for all whole cell studies. 

Erythrocyte lysates were prepared by  freeze-thawing the erythrocyte suspen- 
sion twice. The lysate was dialyzed for 2 h against distilled water and the dialysate 
centrifuged at 2000 ×g  for IO min. The dialysate supernatant  was used as the source 
of adenosine deaminase and adenosine kinase. All procedures were conducted at 4 °. 

Whole cell assay 
The standard assay was conducted by  incubating 5o #1 of the erythrocyte sus- 

pension with IOO/~1 of isotonic phosphate buffer (50 mM, pH 7.4), supplemented 
with 1. 5 mM dextrose, and IOO #1 of 0.54 mM [8-14C]adenosine (53 #C/#mole) for 
I.O h at 37 °. Upon completion of the incubation, 25 #1 of I M HC1 was added. 

Lysate assays 
Adenosine deaminase. The standard assay was conducted byincubat ing o.25 mg 

of protein with 5 ° #moles of acetate buffer (pH 5.8) and o.o135/,mole of [8-14C3 - 
adenosine for 5 rain at 37 °. The final volume of the incubation mixture was o.125 ml. 
The reaction was stopped by  rapid freezing. 

Adenosine kinase. The standard assay was conducted by  incubating 50 #moles 
of acetate buffer (pH 5.7), 0.25/~mole of ATP~ 1.25/,moles of MgC12, o.ooi / ,mole 
of [8-14Cladenosine (5 • IO-e M) with lysate (0.5 mg protein) for 15 rain at 37 °. The 
final volume of the incubation mixture was 0.2 ml. The reaction was stopped by rapid 
freezing. Protein was measured by the method of LOWRY et al. 19. 

Separation o] adenosine metabolites 
Neutralized ethylenediaminetetraiicetic acid (EDTA), 5 #moles, was added to 

the reaction mixtule to prevent further adenosine metabolism during electrophoresis. 
25 #1 of this mixture was spotted onto Whatman  No. 3 paper, which had been spotted 
previously with IO ng of each purine. The purines were separated by  electrophoresis 
(3000 V, 9 ° rain) in a Savant  Electrophorator, using a borate buffer system, 0.05 M, 
pH 9.0. The electrophoretogram was dried, and the purine spots were visualized 
with ultra-violet light, cut out, and counted in a toluene-based scintillation fluid 
with an efficiency of 55 %. In lysate experiments in which ATP was not present, 
the only labeled purines present after incubation were adenosine, inosine, adenine, 
and hypoxanthine.  
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In lysate experiments in which ATP was present, labeled ATP, ADP, AMP, 
and IMP were also present after incubation. The reaction mixture was treated as 
just described except the purines were separated by ascending chromatography in a 
butanol acetic acid-water system (2 : I : I, by vol.) for 24 b. Adenosine 5'-phosphate 
and IMP ran together as one spot as did hypoxanthine and adenosine. The purines 
in these two spots were eluted separately with 250 #1 of o.I M HC1 and spotted quan- 
titatively on Whatman No. 3 paper for further separation. The mononucleotides 
were separated by electrophoresis (16oo V, 2 h) in a Gilson electrophorator, using 
a formate buffer system (pH 3.5). Hypoxanthine and adenosine were separated by 
electrophoresis in the borate buffer system just described. 

In whole cell experiments small amounts of xanthylic acid (XMP) and guany- 
lic acid were also formed. These nucleotides ran together with IMP and AMP in the 
borate chromatography system. They were separated from AMP in the formate buffer 
system. Counts found in XMP and guanylic acid are included in the IMP counts in 
the data presented. 

Chemicals and radiochemicals 
The nonradioactive nucleotides, nucleosides, and purines were purchased from 

Sigma Corporation. ISJ*CJAdenosine, dissolved in 5 ° °/o ethanol was purchased from 
CalAtomic. 

RESULTS 

Metabolism o/adenosine in intact erythrocytes 
E]]ect o~ time 
~8-14ClAdenosine incubated with the isotonic phosphate buffer and erythrocyte 

suspension had a half-life of 3o rain, but after 2 h of incubation 15 % of the labeled 
adenosine remained unmetabolized (Fig. i). The low level of labeled inosine recovered 
indicates that after its deamination adenosine is rapidly converted to hypoxanthine 
and IMP. It is of interest that even after 15 rain labeled IMP represented a greater 
proportion of the recovered labeled purines than did hypoxanthine. This observa- 
tion suggests that inosine may be converted directly to the nucleotide level. Labeled 
adenine nucleotides were slowly formed and at the end of 2 h represented 2o % of the 
labeled purines. Less than o.5o ~o of the total radioactivity was recovered in the 
adenine spot. 

E//ect o~ adenosine concentration 
The concentration of E8-x4CJadenosine in the erythrocyte suspension had a 

marked effect on the distribution of 14C recovered after incubation (Table I). The 
percentage of 14C recovered in adenosine and hypoxanthine rose from 4 and 6 ~o to 
24 and 53 %, respectively, as the concentration of E8J*CJadenosine was increased 
from 0.02 to 2.0 raM. However, the percentage of 14C recovered in IMP fell from 68 
to 0. 7 %. The marked rise in the percent of 14C recovered in inosine as the adenosine 
concentration was increased beyond I mM in addition to the similar percentage 
of 14C found in inosine+hypoxanthine at adenosine concentrations of I and 2 mM 
suggests that hypoxanthine may be converted preferentially to inosine at the higher 
concentrations of adenosine. Although the total amount of adenosine being converted 
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Fig. I. Dis t r ibut ion of 14C in erythrocytes  with t ime (% of total  counts /min  in assay):  Q - O ,  
adenosine; A _ A ,  inosine; (D-C), hypoxanth ine ;  ~ - ~ ,  IMP; and A - & ,  adenine nucleotides. 
[8-laCJAdenosine (o.2o8 mM) was incubated wi th  erythrocytes  as described in MATERIALS AND 
METHODS. 

T A B L E  I 

EFFECT OF ADENOSINE CONCENTRATION ON ITS METABOLISM IN ERYTHROCYTES 

The whole cell assay was used (see MATERIALS AND METHODS) .  Adenosine was adjusted to the con- 
cent ra t ion  s ta ted in the  Table. Figures in parentheses  represent  the a m o u n t  of compound  formed 
in nmoles. 

Adenosine % o/radioactivity 

Adenine Adenosine Hypoxanthine Inosine I M P  Adenine 
~tucleotides 

O.OI ~ I 3 (O'15) 5 (0-25) ~ I 66 (3.3 o) 25 (1.25) 
0.02 ~, I 5 (0.37) 17 (1.27) < I 61 (4.55) 16 (1.2o) 
o.12 -~ I 22 (5.7 o) 17 (4.4 o) < I 45 (11'7) 15 (3.90) 
1.o2 ~, I 22 (55.0) 65 (162) 3 (7.5 ° ) 6 (15.O) 3.8 (9.5 ° ) 
2.o2 1.6 (7.62) 23 (lO9) 51 (242) 2o (95.5) o. 7 (3.3 o) 4.2 (20.0) 

to adenine nucleotides increased I6-fold (1.25 to 2o.o nmoles) with a Ioo-fold in- 
crease in adenosine concentration (0.02 to 2.02 raM), the percentage of labeled [8- 
14C~adenosine entering into the adenine nucleotides decreased from 26 to 4 %. These 
various changes in 14C label recovered at different concentrations of adenosine sug- 
gest that  at low adenosine concentrations the nucleoside is converted directly to the 
nucleotide level or metabolized rapidly to IMP, whereas at higher concentrations 
adenosine remains par t ly  unmetabolized and converted largely to its deaminated 
nucleoside and deaminated base. These concentration-dependent effects explain the 
apparent ly  conflicting reports of others ~°-2a. 
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Metabolism in erythrocyte lysates 
Adenosine deaminase reaction 
Effect of adenosine concentration: /8-a4C]adenosine at a concentration of 

O.lO 4 mM was rapidly (half-life 3 rain) deaminated to inosine by the erythrocyte 
lysate (Fig. 2) although even after 2o rain a small (15 %) portion of the adenosine 
seemed unavailable for metabolism. The activity of adenosine deaminase was calculat- 
ed to be approximately 25o nmoles per mg protein per hour in crude erythrocyte 
lysate preparations. The velocity of the adenosine deaminase reaction was markedly 
dependent on the adenosine concentration with an optimum of o.I to o.16 mM 
(Fig. 3). A K m for adenosine of 4" lO-5 M was calculated from the half-maximal rate, 
a value which agreed well with an independent calculation of the K m using a Line- 
weaver-Burk plot. 5o % inhibition occurred at a concentration of adenosine IO times 
its K,, (Fig. 3). 
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Fig. 2. Deaminat ion  of adenosine (Ado) to inosine in ery throcyte  lysates with time. The deami- 
nat ion of adenosine (O.lO 4 raM) was determined as described in MATERIALS AND METHODS. 50 ~o 
(6.9/*moles) of adenosine was deaminated in 3 rain. Each point  represents  mean ~ S . D .  

Fig. 3. Effect of adenosine (Ado) concentrat ion on adenosine kinase and adenosine deaminase 
act ivi ty  in ery throcyte  lysates. The kinase ( A - A )  and deaminase ( O - O )  activities were deter- 
mined by  the s tandard  assays as described in MATERIALS AND METHODS. Maximal act ivi ty for 
the kinase and deaminase were, respectively, 231 pmoles of adenosine phosphoryla ted  per 15 min 
and 6.9/*moles of adenosine deaminated per  5 rain. Units of adenosine -- too/*IV[ for adenosine 
deaminase, io/*M for adenosine kinase. 

Inhibitors. Various compounds were tested as inhibitors of the adenosine de- 
aminase reaction. No inhibition was noted with equimolar or greater concentrations 
of 2,3-diphosphoglycerate, AMP, ADP, ATP, GDP, GTP, Pt, and guanylic acid. 
At a concentration of IO mM Pl, 98 ~o of the 14C was found in hypoxanthine. At high 
concentrations of inosine (0.80 raM) and adenosine (0.50 raM) 20 % inhibition of 
the adenosine deaminase reaction occurred. The deamination of adenosine seemed 
to be independent of pH from 5-5 to 8.0 (Fig. 4). 

Adenosine kinase reaction 
E]/ect o/adenosine concentration. The phosphorylation of adenosine to adenine 

nucleotides was studied at an adenosine concentration of 5 " IO-S M. At this concen- 
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Fig. 4- Effect of pFI on adenosine kinase and adenosine deaminase in ery throcyte  lysates. Con- 
dit ions for assay are described in MATERIALS AND METHODS, and symbols  are the  same as those 
for Fig. 3. Maximal act ivi ty  (ioo ~o) represents  O.OLO 3/~moles adenosine deaminated  per  5 min 
for the  adenosine deaminase reaction and 0.0002/,mole adenosine phosphory la ted  per  15 rain 
for the  adenosine kinase reaction. The following buffers were used: 4 °/~lVi sodium acetate (pH 
5.5 to 6.5), 2o/ ,M potass ium phospha te  (pH 6. 5 to 7.5), and 2o/*M glycine ( p H  7.5 to 8.0). 

Fig. 5. Effect of adenosine (Ado) concent ra t ion  on the percentage ( / x - A )  and a m o u n t  ( 0 - 0 )  
of adenosine phosphory la ted  to the nucleotide level by  ery throcyte  lysates. Conditions same as 
Fig. 3. 

t r a t i o n  15 °/o of the  [8-14C]adenosine was incorpora ted  into the  adenine  nucleot ides .  
A t  h igher  concent ra t ions  of adenosine a progress ive ly  grea ter  percentage  of adenosine 
was d e a m i n a t e d  (Fig. 5). The  ve loc i ty  of the  adenosine  kinase  reac t ion  was not  inhi-  
be ted  b y  concent ra t ions  of adenosine  t h a t  were a t  leas t  t en  t imes  i ts  K m (Fig. 3.) 
H a l f - m a x i m a l  ve loc i ty  was no ted  at  an adenosine concent ra t ion  of 1. 9 • IO -e M (Fig. 3)- 

E/fect o/ adenosine 5'-triphosphate and Mg 2+ concentrations. The adenosine  kinase 
reac t ion  was m a r k e d l y  dependen t  on bo th  A T P  and  Mg 2+ concentra t ions .  At  a Mg ~+ 
concen t ra t ion  of 0.30 mM the  Km for A T P  was 4 " lO-4 M (Fig. 6). Concent ra t ions  
of A T P  grea ter  t h a n  1.25 mM were inh ib i tory .  At  a f ixed concen t ra t ion  of A T P  
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Fig. 6. Effect of ATP concentrat ion on the act ivi ty  of adenosine kinase. The s tandard  assay as 
described in MATERIALS AND METHODS ~,vas used wi th  a Mg 2+ concentrat ion of o.3o #M. Maximal 
act ivi ty  (IOO ~o) of adenosine kinase ranged from 19o to 270 pmoles of adenosine phosphory la ted  
per  15 min. 

Fig. 7- Effect of Mg 2+ concentrat ion on the act ivi ty of adenosine kinase. S tandard  assay was  
used with an ATP concentrat ion of t raM. The range of maximal  act ivi ty  was the same as in Fig. 6. 
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(I.0 mM) the adenosine kinase reaction exhibited maximal  activity at Mg 2+ concen- 
trations from o.25 to o.5o mM with 5o % inhibition occurring at I.O mM (Fig. 7). 

Phosphate donor. The triphosphate acting as the phosphate donor for the ade- 
nosine kinase reaction was found to be relatively nonspecific. The following relative 
rates were observed with a range of triphosphate donors: ATP, IOO; GTP, IOO; CTP, 
65; UTP, 45; and TTP, 21. 

Inhibitors. Inhibition of the adenosine kinase reaction by various compounds 
was tested under standard conditions. Adenosine 5'-phosphate, ADP, GDP, IMP, 
adenine and guanylic acid were competitive inhibitors of ATP in the adenosine kinase 
reaction, and the values of Kt found were, respectively, o.4, o.4, 1.4, 2.o, 8.o, and 
2.o mM. No inhibition was found with concentrations of 2,3-diphosphoglycerate 
twenty times the ATP concentration. 

The phosphorylation of adenosine was maximal  in acetate buffer at pH 5.5 
to 6.2, decreasing rapidly at higher pH levels (Fig. 4). 

EHect o/protein concentration. Adenosine deaminase activity in the presence 
of ATP and Mg 2+ was related to the amount  of protein and the concentration of 
adenosine in the assay system (Fig. 8): (I) As the amount  of protein was increased, 
the apparent  activity of adenosine deaminase decreased at all concentrations of 
adenosine tested, and (2) The relative activity of adenosine kinase decreased marked- 
ly as the adenosine concentration was increased. 
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Fig. 8. Effect of protein  concentrat ion on the relative adenosine (Ado) kinase and adenosine 
(Ado) deaminase activities in crude ery throcyte  lysates at  different adenosine concentrat ions.  
Adenosine kinase (- - -) and adenosine deaminase ( ) activities were assayed s imul taneously  
using the s tandard  assay as described in MATERIALS AND METHODS for adenosine kinase at  adeno- 
sine concentrat ions  of 2. 5-  i o - 6 M  (ZX--A, A - A ) ;  2.5" IO-SM ( O - O ,  Q - Q ) ;  and 5" Io -6M 
([~-[Z], m-m). Adenosine deaminase was also assayed in the absence of ATP and Mg 2+ (-~÷-÷). The 
act iv i ty  of adenosine deaminase is expressed as a percentage of the maximal  rate of deamination.  
The maximal  ra te  of deaminat ion and phosphoryla t ion  were, respectively, 905 pmoles of adeno- 
sine deaminated  and 25 ° pmoles of adenosine phosphory la ted  per 15 miD. The act ivi ty of the 
adenosine kinase is expressed as a percentage of the maximal  percentage of adenosine phosphor-  
ylated. 
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Adenosine phosphorylase reaction 
At no time was 14C detected in adenine. Incubation of the reaction mixtures 

with high concentrations of Pt (which is known to stimulate purine nucleoside phos- 
phorylase activity z*-~6) resulted in conversion of 9 8 % of the original [8-1aCladenosine 
to [14C1 hypoxanthine. 

DISCUSSION 

The metabolism of adenosine in human erythrocytes is directed along two ma- 
jor pathways. The larger proportion is deaminated to inosine while a smaller amount  
is phosphorylated to its nucleotide form. Similar findings in human platelets have 
been reported although the pat tern of labeled purine recovered after incubation was 
markedly different 6,15. Several investigators have demonstrated indirectly that  in 
erythrocytes the adenine nucleotides recovered after incubation with isotopic ade- 
nosine are the result of direct phosphorylation ls,2°-22. The indirect demonstration in 
erythrocytes of the absence of adenosine phosphorylase is, 2o and adenylic synthetase 23 
suggests that  the labeled adenine nucleotides are not formed via either adenine 
or IMP. Although a hypoxanthine ~ adenine ~ AMP pathway has not been ex- 
cluded the fact that  [l~Clhypoxanthine incubated with erythrocytes did not appear 
in the adenine nucleotides seems to exclude this pa thway 23. The failure of purified 
erythrocyte purine nucleoside phosphorylase to demonstrate affinity for adenosine 
or adenine lends support to this supposition ~-26. Our finding that  [l*Cladenine rep- 
resents less than 0.5 % of the recovered label after incubation with 0.12 mM [8- 
14Cladenosine supports the concept that  adenosine phosphorylase and an enzyme 
converting hypoxanthine to adenine are absent in erythrocytes. Since adenylate 
synthetase is absent in human erythrocytes 23 the relative importance of the adeno- 
sine kinase pathway for adenine nucleotide production assumes added significance. 

The metabolism of [8-14Cladenosine in erythrocytes (Table I) suggests that  
the concentration of adenosine is an important  controlling factor in its metabolism. 
Because of the possibility of enzyme inactivation with long periods of incubation 
and the effects of other enzymes earlier in the metabolic sequences, interpretation 
of the data obtained in the whole erythrocyte studies is difficult. The role of adenosine 
in its own metabolism and in overall purine metabolism is elucidated more clearly 
by  the s tudy of adenosine deaminase and adenosine kinase activities in crude ery- 
throcyte lysates. 

The rapid deamination of adenosine observed in erythrocyte lysates (Fig. 2) 
is similar to that  observed by  others in crude erythrocyte 17 and platelet lysates 16. 
The failure of a wide range of compounds (2,3-diphosphoglycerate, AMP, ADP, ATP, 
GDP, GTP, and Pt) to inhibit the adenosine deaminase reaction in erythrocyte ly- 
sates seems to be a property of adenosine deaminase shared by  other systems 7-n' 16,17. 
The failure of 2,3-diphosphoglycerate to inhibit adenosine deaminase is especially 
intriguing since 2,3-diphosphoglycerate has been shown to have a marked inhibitory 
effect on erythrocyte adenylate deaminase 27. 

The low K m of adenosine (1. 9 • lO .6 M), and the failure of high concentrations 
of adenosine to inhibit the adenosine kinase reaction (Fig. 3), has been observed in 
other tissues ~,4,~, but  its potential relationship to the higher K~ of adenosine (4" Io-~M), 
and the substrate inhibition of adenosine at higher concentrations (2 • lO -4 M) has 
not been pointed out previously. 
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The importance of adenosine concentration in adenosine metabolism is further 
suggested by  the following observations: (I) the percentage of adenosine phosphos- 
phorylated increased as the adenosine concentration approached the Km for adenosine 
kinase (Figs. 5 and 8), and (2) the activity of adenosine deaminase in the presence of 
ATP and Mg 2+ decreased as protein concentration increased and adenosine kinase 
activity remained constant, especially notable as the concentration of adenosine ap- 
proached the K m of adenosine kinase (Fig. 8). The twenty-fold difference in K m sug- 
gests a unique method for the competitive handling of a common substrate by a de- 
gradative and synthetic enzyme. The difference i n /x~  for adenosine would assure 
that  the intracellular concentration of adenine nucleotides would not fall secondary 
to rapid coupled phosphatase and deaminase action. The relative K m values of the 
two enzyme activities for adenosine would allow the levels of adenine nucleotides 
to be modulated effectively by  the adenosine concentration itself. 

The Km of ATP for the erythrocyte adenosine kinase reaction is 4" lO-4 M. 
The concentration of ATP in erythrocytes has been shown to be approximately 
1. 3 mM 28,29. This high level of ATP would be conducive to maximum adenosine kinase 
expression were it not for (I) multiple feedback inhibition observed (AMP, ADP, 
GDP, IMP, guanylic acid) and (2) the self-regulatory role of ATP. In other tissues 
many  other nucleotides have been observed to exert feedback inhibition on adeno- 
sine kinase 1-6. Adenosine 5'-triphosphate becomes inhibitory for the erythrocyte ade- 
nosine kinase reaction at a concentration of approximately 1.25 mM (Fig. 6), a value 
in general agreement with that  noted in other studies 1-6. Strict comparisons between 
tissues of the effect of ATP were not possible as the effect of ATP concentration seems 
in turn to be dependent on Mg 2+ concentration (Fig. 7) 1-6. 

The complex and rigid control of adenosine kinase activity suggests that  this 
enzyme is important  in the regulation of intracellular adenine nucleotide levels (Fig. 
9). Any loss of adenosine kinase control would open a readily available pathway 
(phosphatase and deaminase) by which ATP levels could be severely compromised. 

de novo purine 
synthetic pathway 
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ATP, Mg++ 

2 I 
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Fig. 9- Pathways of adenosine metabolism. --% pathways known to be present in erythrocytes 
---+, pathways known to be present in bacterial systems but absent in erythrocytes and presumed 
(indirect demonstration) to be present in mammalian systems. P1RPP, 5'-phosphoribosyl-pyro- 
phosphate; R-l-P,  ribose-I-phosphate. Numbers identify the following enzymes; i, adenylate 
deaminase; 2, adenylate phosphatase; 3, adenosine kinase; 4, adenine phosphoribosyl transferase; 
5, adenosine deaminase; 6, inosine phosphorylase; 7, inosinate phosphatase; 8, hypoxanthine-  
guanine phosphoribosyl transferase. 
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I n  t i s sues  t h a t  h a v e  a n  ac t i ve  s y n t h e t i c  p a t h w a y  for  A M P  d i r e c t l y  f r o m  IMP, feed-  

b a c k  c o n t r o l  of de novo p u r i n e  s y n t h e s i s  w o u l d  t e n d  to  m a i n t a i n  c o n s t a n t  A M P  le- 

vels  3°,31. T h e  r e l a t i v e  l ack  of i m p o r t a n c e  of a d e n i n e  p h o s p h o r i b o s y l  t r a n s f e r a s e  in 

c o n t r o l l i n g  i n t r a c e l l u l a r  A M P  levels  is i n d i c a t e d  b y  t h e  n o r m a l  ur ic  ac id  p r o d u c t i o n  

in p a t i e n t s  w h o  lack  th i s  e n z y m O  2. Th is  i m p o r t a n t  o b s e r v a t i o n  inc reases  t h e  likeli- 

h o o d  t h a t  t h e  f ine  r e g u l a t i o n  of a d e n i n e  n u c l e o t i d e  levels  is in  la rge  p a r t  c o n t r o l l e d  

b y  a d e n o s i n e  k inase ,  e spec i a l l y  in e r y t h r o c y t e s  w h e r e  a de novo p a t h w a y  for  a d e n i n e  

n u e l e o t i d e s  is a b s e n t .  
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