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Levels of nucleoside and nucleotide kinases in Rhesus monkey tissues 

(Received 16 April 1973 ; acwptcd 6 July 1973) 

THE NUCLEOSIDE and nucleotide kinases are involved in the phosphorylation of many analogues of 
chemotherapeutic interest. Consequently, the specificity of these enzymes with analogue substrates 
has been the subject of considerable investigation. However, there are no reported data which deal 
with the relative levels of these enzymes to which analogues would be exposed in riro. Such informa- 
tion seemed an essential counterpart to the specificity data if a reasonable assessment of the quantitative 
significance of various routes of analogue metabolism was to be made. It was for this reason that 
this study was undertaken. 

Two known mammalian nucleoside kinases act on purine nucleosides. One of these, adenosine 
kinase (EC 2.7.1.20), has been well characterized. I,2 The other, only recently described,3 acts on 
both deoxyguanosine and deoxyadenosine. Evidence has been reported which suggests that some 
mammalian cells very slowly phosphorylate inosine;4s5 however, the independence of this activity 
from the above-mentioned nucleoside kinases has not been established. A previous study employed 
6-methylthiopurine ribonucleoside as the substrate to determine the tissue levels of adenosine kinase.6 
In the present study, the natural substrate, adenosine, was used in the presence of the adenosine 
deaminase inhibitor, erythro-9-(2-hydroxy-3-nonyl)adenine. This compound, a generous gift of 
Dr. H. J. Schaeffer of these laboratories, is a potent inhibitor of adenosine deaminase from a number 
of different sources.* At the concentrations used in these experiments, it was found not to inhibit a 
purified preparation’ of adenosine kinase, while completely inhibiting the deaminase. Further, 
complete inhibition of the deaminase in the tissue extracts was demonstrated by chromatography 
of reaction mixtures in a solvent’ capable of separating adenosine and inosine. 

In the presence of this inhibitor, adenosine kinase was detectable in all of the monkey tissues 
assayed (Table 1). Liver exhibited the highest activity. With the monkey tissue extracts, the levels 
of adenosine kinase were very much higher than those of the other purine nucleoside kinases assayed. 
Phosphorylation of deoxyguanosine was detectable only with kidney extracts while phosphorylation 
of inosine was not detectable with any extract (Table I ). 

The two pyrimidine nucleoside kinases studied were uridine kinase (EC 2.7.1.48) and thymidine 
kinase (EC 2.7.1.21). There is yet another pyrimidine nucleoside kinase in mammalian tissues, 
deoxycytidine kinase, but its relationship to the activity toward deoxyguanosine is uncertain.‘2~‘4 
Uridine kinase was detectable in six of the 13 tissue extracts assayed, while thymidine kinase was 
detectable only in liver and brain extracts (Table 1). Again, the levels of both these enzymes were 
low as compared with those for adenosine kinase. Previous studies have shown that the bulk of these 
kinases are present in supernatant fractions of tissue homogenates.” 

In mammals, at least three distinct enzymes catalyze the phosphorylation of purine nucleotides. 
Two of these enzymes are relatively specific for AMP as the phosphoryl acceptor but differ in their 

*H. J. Schaeffer and C. F. Schwenden, personal communication 
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specificities toward phosphoryl donors.‘hmlR With the third, guanylate kinase (EC 2.7.4.8), GMP and 
dGMP but not AMP are phosphoryl acceptors. 19,” All of the tissue extracts studied had detectable 
levels of kinase activity toward GMP (Table I). The level in kidney was more than twice that of any 
other tissue. The levels of activity toward AMP appeared relatively high with all extracts tested; 
however, attempts at quantitation were complicated by the presence of AMP deaminase. 

At least two distinct pyrimidine nucleotide kinases are present in mammalian tissues. Evidence 
has been reported which suggests that UMP, CMP and dCMP are all efficiently phosphorylated by 
one enzyme which is referred to as deoxycytidylate kinase2’ (EC 2.7.4.5). This enzyme does not 
phosphorylate dTMP, which is phosphorylated by a distinct enzyme, thymidylate kinase (EC 2.7.4.9). 
Phosphorylation of UMP was catalyzed by all of the tissue extracts studied (Table I) at rates com- 
parable to those of GMP. Thymidylate phosphorylation was not detectably catalyzed by any of the 
tissue extracts. This is consistent with studies which show that levels of thymidylate kinase are low 
in adult tissues.22,23 

The predominance of adenosine kinase among the nucleoside kinases was striking but perhaps 
not unexpected when the predominance of the adenine nucleotides in riro is considered. In light of 
these high levels of adenosine kinase, the possibility must be considered that even relatively poor 
analogue substrates of this enzyme might be appreciably phosphorylated irz ~‘ico. 

Of special interest was the comparison of the enzyme levels of the brain to those of other tissues. It 
was previously shown that levels of hypoxanthine-guanine phosphoribosyltransferase (H-G PRTase) 
are unusually high in primate brain as compared with other tissues.24.25 The data presented in 
Table 1 show that other enzymes involved in nucleic acid precursor metabolism are not elevated in 
brain. This suggests that the over-all purine and pyrimidine metabolism of primate brain is not 
unusually rapid. Therefore, the elevated H-G PRTase levels in primate brain and the neurological 
disorders associated with a severe deficiency of this enzyme in humansZh suggest a special dependence 
on hypoxanthine and/or guanine salvage in this tissue. It is not yet known if this apparent depen- 
dence on salvage is accompanied by an insufficiency of rle I~UCO purine nucleotide biosynthesis in 
primate brain. 

The Wellcome Research Laboratories, 
Burroughs Wellcome Co., 
Research Triangle Park, N.C. 27709, U.S.A. 

THOMAS A. KRENITSKY 
RICHARD L. MILLER 

JAMES A. FYFE 
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