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Recently this laboratory has examined the relative roles of adenosine de- 

aminase (adenosine aminohydrolase, EC 3.5.4.4; ADAase) and adenosine kinase 

(ATP:adenosine 5'-phosphotransferase, EC 2.7.1.20) in the control of human ery- 

throcytic adenosine metabolism (l-3). These studies have been facilitated 

greatly by the technic of high pressure liquid chromatography and by the avail- 

ability of several unique biochemical tools such as 2-fluoroadenosine, 
6 

N - 

phenyladenosine and coformycin (l-3). Recently, in an attempt to assess the 

relative significance of simple diffusion and of the specific facilitated dif- 

fusion mechanism described in the elegant studies of Paterson and his colleagues 

(4,5), an experiment was performed with washed intact human erythrocytes in 

which the rate of ammonia liberation was measured from relatively high concen- 

trations of adenosine (1.0 I&!) in the presence and absence of a specific inhibi- 

tor of the erythrocytic facilitated transport mechanism, p-nitrobenzylthioguao- 

sine (NBTGR) (5). As seen in Figure 1, in the presence of 10 uM NBTGR and 1.0 

mM adenosine, ammonia liberation was almost completely inhibited in intact ery- 

throcytes. However, no inhibition of ammonia liberation from adenosine occurred 

in hemolysates prepared from normal erythrocytes or from cells pretreated with 

NBTGR, even when the inhibitor (20 PM) was added subsequent to hemolysis. As 



548 Preliminary Communications 

described elsewhere (3), the addition of the specific tight-binding ADAase in- 

hibitor, coforrqycin (1 ug per ml of suspension), either to intact erythrocytes 

or to hemolysates, completely abolished ammonia liberation from adenosine, 

which indicates that essentially all of the ammonia formed under these condi- 

tions results from the ADAase reaction. 

In order to assess the disposition of adenosine in erythrocytes treated 

with the nucleoside transport inhibitor, NBTGR, the experiment presented in 

Figure 2 was performed. Washed human erythrocytes were incubated for 30 min- 

utes with varying concentrations of adenosine-8- 
14 

C in the presence and ab- 

sence of NBTGR (10 PM). Following incubation, the cells were extracted with 

perchloric acid and subjected to thin-layer chromatography on PEI-cellulose as 

described by Crabtree and Henderson (7). Following chromatography, the indi- 

vidual nucleotide spots were visualized with IJV light, cut out and counted in 

a toluene-based scintillation fluid in a Packard scintillation counter. Con- 

sistent with earlier observations (3), when normal erythrocytes were incubated 

with adenosine-8-14 C, most of the radioactivity in the nucleotide pools was 

found in IMP with much smaller quantities in the adenine nucleotides (predomi- 

nantly in ATP). In the presence of the nucleoside transport inhibitor, NBTGR, 

however, this pattern of erythrocytic nucleotide formation was drastically al- 

tered. Most strikingly, and consistent with the decreased ammonia liberation 

seen in Figure 1, the formation of IMP was markedly reduced (about 5 fold at 

200 sM adenosine). On the other hand, the incorporation of adenosine-8- 
14 

C 

into the adenine nucleotides (principally ATP) was markedly increased (greater 

than 4 fold at 200 uM adenosine). These observations are also consistent with 

the rapid formation of large amounts of nucleotides from 2-fluoroadenosine, an 

analog that is not a substrate for ADAase (1,2). 

A reasonable hypothesis to explain these unexpected and unusual observa- 

tions is that the enzyme, ADAase, although in the soluble fraction in hemoly- 

sates, is physically associated in the intact erythrocyte with the cell mem- 

brane at a site adjacent to the nucleoside transport system. One might specu- 



Preliminary Communications 549 

Fig. 1 Effect of NBTGR on desmination of adenosine by intact human erythro- 
cytes or hemolysatas. Erythrocytic suspensions (about 2.5%) in a me- 
dium containing phosphate buffer, 50 mM, pH 7.5; NaCl, 75 mM; MgS04, 2 
mM and glucose 10 mM were preincubated at 30° with 10 PM NBTGR. Paral- 
lel experiments with no addition of NBTGR served as controls. After 
20 min of preincubation adenosine (1 mM) was added and ammonia forma- 
tion was determined at various time intervals by the method of Chaney 
and Marbach (6). For the hemolysate studies, cells were pretreated 
with NBTGR as above, collected by centrifugation and hemolyzed by add- 
ing 4 vol of cold distilled water. After hemolysis (30 min), an equal 
volume of double strength medium was added to achieve a final concen- 
tration of medium described above and both control and NBTGR-treated 
hemolysates were divided into two portions. One portion of each was 
treated with additional NBTGR (20 FM) for 20 min at 30'. Adenosine 
(1 mM) was added to all portions and ammonia was determined as above. 

Fig. 2 Formation of nucleotides from adenosine-8- 
14 . 
C In human ery-throcytes. 

Erythrocy-tic suspensions (20%) were preincubated with or without 10 PM 
NBTGR as described in Figure 1. Then adenosine-8-14C (0.98 mCi/mmole) 
was added at various concentrations. After incubation for 30 min at 
300, cells were extracted with perchloric acid, the acid-soluble super- 
natant fluids were neutralized with KOH, and the nucleotides were 
separated by thin-layer chromatography (Ref. 8) and the radioactivity 
determined. 
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late that ADAase is loosely bound to the membrane by hydrophobic bonds. If 

this were so, most of the adenosine that entered the erythrocyte via the nu- 

cleoside transport system would be preferentially deaminated forming inosine 

and would not become available for phosphorylation by adenosine kinase. On the 

other hand, when the transport system is blocked, it appears that much more of 

the adenosine that enters the cell by simple diffusion becomes available for 

phosphorylation by the adenosine kinase reaction. This hypothesis is also con- 

sistent with observations reported by De Bruyn and Oei (8) which suggest that 

ADAase is associated with the erythrocytic membrane. Further studies are 

planned to attempt to demonstrate directly an association between ADAase (and 

perhaps other enzymes) with the erythrocytic membrane. 
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