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PRELIMINARY COMMUNICATIONS

POTENT INHIBITION OF MUSCLE 5'-AMP DEAMINASE BY

THE NUCLEOSIDE ANTIBIOTICS COFORMYCIN AND DEOXYCOFORMYCIN

R. P. Agarwal and R. E. Parks, Jr.
Section of Biochemical Pharmacology

Division of Biology and Medicine
Brown University, Providence, R. I. 02912, USA

(Received 27 December 1976; accepted 21 January 1977)

Recently, there has been a surge of interest in the identification of potent inhibitors
of adenosine deaminase (ADA, adenosine aminohydrolase, EC 3.5.4.4), because this enzyme
plays a key role in the inactivation of many adenosine analogs of chemotherapeutic interest,
e.g. arabinosyl adenine and formycin A (1,2). Several potent ADA inhibitors are currently under
intensive study and include the antibiotics coformycin and deoxycoformycin (3,4), and the
synthetic compounds, erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA) and 1,6-dihydro-6-hydroxy-
methyl purine ribonucleoside (DHMPR)(5,6). Inhibition constants (Ki) determined with human

erythrocytic ADA are: deoxycoformycin, 2.5 x lO_12 M; coformycin, 1-10 x 10-ll M; EHNA,

1.6 x 1077 M; and DEMPR, 1.3 x 10°°

M (7,8). Marked potentiation of the antitumor action of
arabinosyl adenine was observed when the analog was administered with deoxycoformycin or
EHNA (9-12). Also, ADA inhibitors may impair the maturation (13) or mitogen-stimulated
blastogenesis (14) of lymphocytes, suggesting the use of compounds of this class as immuno-~
suppressive agents. In view of the therapeutic potential of potent ADA inhibitors, ques-
tions have arisen about possible interactions with other enzymes of purine nucleoside or
nucleotide metabolism. Of special interest is 5'-AMP deaminase (5'-AMP aminohydrolase, EC
3.5.4.6), which, in vital tissues such as muscle and brain (15,16), is subject to strong
allosteric control and may play a key role, not only in the regulation of intracellular
purine nucleotide metabolism but also in amino acid deaminations (17). Since interference
with the normal functions of 5'-AMP deaminase might cause toxicity, the interactions of
several ADA inhibitors with purified rabbit muscle 5'-AMP deaminase were examined.
Coformycin, deoxycoformycin, EHNA, DHMPR and 2-fluoroadenosine were gifts as described
previously (7, 8), When 66% glycerol suspensions of purified rabbit muscle 5'-AMP deaminase
(Sigma, Sp. Act. 30 units per mg) were diluted for enzymatic assay, they became highly

unstable. The enzyme could be stabilized, however, by dilution into a buffer mixture that

contained: 2-(N-morpholino) ethane sulfonic acid buffer (MES-Tris, 50 mM with respect to
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MES), pH 6.3; KC1, 0.5 M; B-mercaptoethanol, 1,0 mM; glycogen, 0.5 mg/ml; and bovine plasma
albumin, 0.5 mg/ml. The concentrated enzyme preparation could be diluted approximately
50-fold in this mixture without loss of activity for several hrs at 0°. Omission of
glycogen causes significant activity loss within 10 to 15 min. The above buffer mixture was
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nd for enzymatic assays. The enzyme was preincu-
bated (15 min, 30°) in buffer mixture containing 0.5 mM ATP, unless stated otherwise, in the
presence or absence of the inhibitor. The reaction was started by addition of AMP (2.0 mM,
final concentration in routine assays). Increases in absorbance at 285 nm at 30° were
recorded on a Béckman spectrophotometer equipped with Gilford recorder. The difference in

molar absorbancy of AMP and IMP at 285 nm was assumed to be 300 (15).

As shown in Table I, ADA inhibitors EHNA, DHMPR and 2-fluoroadenosine did not inhibit

. .o . -4 -4
5'-AMP deaminase activity when used at concentrations of 1.1 x 10 M, 2.0 x 10 ~ M and 1.0
1073 rivel An th I hand 4 £ riohr hindd fahihis £
x 180 7 M respectively. On the other hand, deoxycoformycin, a tight-binding inhibitor of

ADA, inhibited the 5'-AMP deaminase 457% and 66% at the concentrations of 1.3 x 10_6 M and

2.8 x 1()“b M respectively. Preincubation of the enzyme with coformycin caused marked

6

increases in inhibition (67-99.5% at concentrations of 5.5 x 10—8 M and 1.3 x 10~ M), where-

as preincubation in the presence of deoxycoformycin had little or no effect. Therefore, in
the following experiments 15 min preincubation of the enzyme with the inhibitor was employed.

Figure 1A presents double reciprocal plots of 5'-AMP deaminase activity in the presence of
several concentrations of coformycin. Patterns of non-competitive inhibition were observed.

From the replots of intercepts (Fi

. 1R} and glopes {(Fig, 1C)Y. the
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cept) and Kis (Ki, slope) for coformycin were estimated at 4.9 x 10-8 Mand 5.2 x 10"8 M

respectively. Deoxycoformycin also produced a pattern typical of non-competitive inhibition

(data not shown), with the K,, and K, values of 3.6 x 10"6 M and 1.4 x 10—6 M respectively.
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An observation of both interest and potential importance is that, although deoxycofor-
mycin is at least four times more potent as an inhibitor of ADA than the related ribonucleo-
side, coformycin, the opposite situation exists with 5'~AMP deaminase. Here, the ribonucle-
oside, coformycin, is about 30- to 70-fold more potent as an inhibitor than deoxycoformycin.
These findings are consistent with the markedly superior substrate activity of AMP over

2'-deoxy AMP, with 5'-AMP deaminase (18). Also significant is the observation that the Ki

-8
value of coformycin is about 2 x 10 ~ M, whereas the Km of 5"-AMP with 5'-AMP deaminase has

been reported in the range of 0.7 to 2.0 x 10"3 M, i.e. a difference of about 1 x lO5 fold.

Perhaps when the 5'-monophosphate nucleotide of coformycin becomes available, it will prove

. P 1
11 more potent as an inhibitor of 5'-Ad ami:

ADA, both coformycin and deoxycoformycin represent transition-state inhibitors of 5'~AMP
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Table I. Percent Inhibition of Rabbit Muscle 5'-AMP Deaminase by
Various Inhibitors of Adenosine Deaminase*

Inhibitors Preincubation
+) =)

None 0 0
Coformycin 5.5 x 10:2 M 67 30
1.3 x 10 " M > 99,5 83

Deoxycoformycin 1.3 x 10:2 M 45 42
2.8 x 10 M 66 59

EHNA 1.1 x 1074 u 0 0
DHMPR 2.0 x10°% ¥ 0 0
2-Fluoroadenosine 1.0 x lO_3 M 0 -

*The enzyme was preincubated with (+) or without (-) the inhibitor in the buffer
mixture containing 0.5 mM ATP for 15 min at 30°. The reaction was started by addition of
AMP to (+) samples and AMP plus the inhibitor to (-) samples.
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Fig. 1. (A) Double reciprocal plots of 5'-AMP deaminase reaction in the pmsance of various

concentrations of coformycin. (B) Replots of 1/v-intercepts vs coformycin concentrations
and (C) replot of slopes from A vs coformycin concentrations.
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deaminase (7,8). Also of interest are the findings that EHNA, DHMPR, and 2-fluoroadenosine,
all of which display significant inhibitory activity with ADA, did not inhibit muscle 5'-AMP
deaminase, even at relatively high concentrations (see Table I).

The above observations may have relevance to the possible clinical applications of ADA
inhibitors. Although the physiological role of 5'-AMP deaminase is not fully understood and
is currently under intensive investigation, it is becoming increasingly clear that in many
tissues this enzyme plays a key role in the regulation of purine nucleotide concentrations
and interconversions, as well as in the deamination of amino acids (17). Therefore, potent
inhibition of this enzyme could have deleterious effects on cellular survival. It seems
likely that, since many vital normal tissues may be highly dependent upon 5'-AMP deaminase
for crucial metabolic regulations, inhibition of this enzyme might result in severe toxicity
If these speculations are valid, one might predict that toxicity resulting from inhibition
of 5'-AMP deaminase would be much greater with coformycin than with deoxycoformycin and
would be negligible with compounds such as EHNA or DHMPR.

In preliminary studies with human erythrocytic 5'-~AMP deaminases, differences in the
inhibitory effects of coformycin have been observed with the soluble and membrane-bound
enzymes, with little inhibition of the membrane-bound enzyme detected. Thus, it is possible
that inhibitors such as coformycin may be useful biochemical tools for examining the
properties and physiological functions of 5'-AMP deaminases.

Acknowledgements: This work was supported by USPHS Grant CA 07340 from the National
Cancer Institute. We wish to thank Michael Pimental for his excellent technical assistance.

References

1. R. P. Agarwal, S. M. Sagar and R. E. Parks, Jr., Biochem. Pharmacol. 24, 693 (1975).

2. R. J. Suhadolnik, Nucleoside Antibiotics, Wiley Interscience, John Wiley and Sons,
Inc., New York (1970).

3. T. Sawa, Y. Fukugawa, 1. Homma, T. Takeuchi and H. Umezawa, J. Antibiot., Tokyo
(Ser A) 20, 227 (1967).

4. P. W. K. Woo, H. W. Dion, S. M. Lange, L. F. Dahl and L. J. Durham, Heterocycl. Chem.
11, 641 (1974).

5. H. J. Schaeffer and C. F. Schwender, J. Med. Chem. 17, 6 (1974).

6. B. Evans and R. Wolfenden, J. Am. Chem. Soc. 92, 4751 (1970).

7. 8. Cha, R. P. Agarwal and R. E. Parks, Jr., Biochem. Pharmacol. 24, 2187 (1975).

8. R. P. Agarwal and R. E. Parks, Jr., Biochem. Pharmacol., in press.

9. W. Plunkett and S. S. Cohen, Cancer Res. 35, 1547 (1975).

10. G. A. LePage, L. S. Worth and A. P. Kimball, Cancer Res. 36, 1481 (1976).

11. F. M. Schabel, Jr., M. W. Trader and W. R. Laster, Jr., Proc. Am. Assoc. Cancer Res.
17, 46 (1976).

12. R. W. Brockman, S. C. Shaddix, L. M. Rose and J. Carpenter, Proc. Am. Assoc. Cancer

. M. Lowenstein, Physiol. Rev. 52, 382 (1972).
L. Zielke and C. H. Suelter, Fed. Proc. 28, 728 (1969).

R.

Res. 17, 52 (1976).
13. J. J. Ballet, R. Insel, E. Merler and F. S. Rosen, J. Exp. Med. 143, 1271 (1976).
14. D. A. Carson and J. E. Seegmiller, J. Clin. Invest. 57, 274 (1976).
15. XK. L. Smiley, Jr., A. J. Berry and C. H. Suelter, J. Biol. Chem. 242, 2507 (1967).
16. B. Cunningham and J. M. Lowenstein, Biochem. Biophys. Acta. 96, 535 (1965).

J

C.



