AMINO ACIDS : MODIFIERS OF XANTHINE OXIDASE ACTIVITY‘

U. KELA* AND R. VIJAYVARGIYA

Department of Pharmacology,
M.G.M. Medical Cdllege, !ndore-452 001

(Received on April 1, 1980)

Summary: . L—G!qtamic acid has been found to be a positive and L-lysine a negative modifier
of the xanthine oxidase activity at the optimum pH (7.4) of the enzyme. Increase in pH was
observed to be associated with a progressive decrease in the inhibition produced by L—lysine.
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INTRODUCTION

Alteration in the activity of xanthine oxidase (xanthine - oxygen oxidoradustas
EC 1.2.3.2.), the enzyme responsible for the conversion of hypoxanthine and xanthif
to uric acid (1), is observed in diseases like gout (2) atherosclerosis (3) and hepat
disorders (4). Recently a decrease in its activity has been reported in leukemia (5) 4
other neoplastic disorders (6). A large numbers of modifiers of xanthine oxidase 4
described (7-9) but there seems to have been hardly any work reported on the effd
of amino acids on this enzyme other than cysteine (10). The fact that several ami
acids are known to act as positive and negative modifiers of various enzyme system (11-1‘
prompted us to study their interaction with the enzyme xanthine oxidase. Two grol
with pK of 4.4 (14) and 10.7 (15) have been identified at the active site of the enzym
Since the approximate value expected for the intrinsic pk’s of the side chain group:
aspartic and glutamic acid (B and y carboxyl) fall in the range of 4-5 and that of lysi
(amino) and tyrosine (phenolic) in the range of 10-11 (14), the effect of the abol
four amino acids on the enzyme activity was therefore examined.

The studies revealed L-glutamic acid to be a positive modifier and L-lysine to be
negative modifier of the enzyme activity at the optimum pH (7.4) of the enzyme.
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MATERIALS AND METHODS

Milk xanthine oxidase was prepared and purified by the alternate method of Massey
16). The specific activity was determined as described by the same authors.
al enzyme preparation had an average specific activity of 3.2. The /in vitro enzyme
‘was assayed by the colorimetric method of Owen (17) with the following modi-
k . The final assay conditions were adjusted to maintain the enzyme activity
r'more than five min. The assay at pH 7.4 were conducted in 0.5 M phosphate
 assay at tH 9.6 and pH 10.8 were conducted in 0.1 M carbonate/bicarbonate
. Different substrate concentrations were used for the different pH range, since
vding of xanthine is known to decrease with increasing pH (15). At higher pH,
ncentration of substrate giving the same activity as that at pH 7.4 was employed.
issay mixture in a final volume of 5 m/ contained in the tube of Thunberg apparatus:
[ buffer, 0.1 m/ 2,3,6 — triphenyltetrazolium chloride (1.67 mg). 0.05 m/ diluted
me and different concentrations of amino acids, adjusted to the pH of the buffer.
the lid was placed xanthine (2 x 10-4M, 3.8 x 10-*M, 5.6 x 10-*M at pH 7.4, 9.6
10.8 respectively). The tubes were evacuated, filled with nitrogen and a preincuba-
period of 10 min was followed prior to the addition of the substrate. The contents
e tube and the lid were mixed to initiate the reaction. The reaction was terminated
e addition of glacial acetic acid after 5 min incubation at 37°. The colour of formazan
ed was extracted with toluene and the absorbance measured at 495 nm. Velocity
expressed as the rate of change of absorbance per min.

RESULTS AND DISCUSSION

The change in Xanthine oxidase activity following the addition of various amounts
-glutamic acid, recorded in Table I, shows a progressive rise in the enzyme activity
10 mM). A definite activating effect of L-glutamic acid was observable at 1 mM con-
tration whereas maximal activation (429%) was produced by 10 mM L-glutamic acid.
gmenting the concentration of the amino acid did not result in any further activation
the enzyme.

~ The effect of the addition of varying concentration of L-lysine on xanthine oxidase
, ity, (Table Il) resulted in a progressive decline in the enzyme activity at pH 7.4 and
19.6. The inhibition was markedly greater at pH 7.4 compared to the effect observed
pH 9.6. However, at pH 10.8, the inhibitory effects of lysine were completely overcome.
e Lineweaver Burk plots (18) of velocity against substrate concentration, plotted at
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TABLE | : Effect of L—=glutamic acid on mitk xanthine oxidase activity. The enzyme
activity was assayed as described under ‘“Materials and Methods".

——————

L-Glutamic acid ‘Percentage activation

(mm)

1.0 - 12.2
2.0 : ; 20.8
5.0 36.0
10.0 ‘ . 42.4
50.0 41.2

TABLE Il : Effect of L-lysine on the activity of milk xanthine oxidase. The enzyme
activity was assayed as described under “Materiais and Methods”.

Lysine (mM) Percentage inhibition
pH 7.4

1.0 13.4
5.0 237
10.0 37.¢€
20,0 | 42.0
50.0 44.3

pH 7.4, revealed the inhibition to be non-competitive (Fig 1.) The Ki calculated f
the above data is of the order of 1.47 x 10-2M.

Although with the results of the present observations, it is difficult to assess'.
role of opposite charges of the two amino acids at pH 7.4, a definite activating effect
L-glutamic acid and an inhibitory effect of L-lysine has been detected on the xantf
oxidase activity. :
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Fig. 1: Noncompetitive inhibition of milk xanthine oxidase by L-lysine at pH 7.4.

Velocity is expressed as the rate of change of absorbance per minute.
xanthaine (Km = 1.56 x 10—1M), L — with
1 x 1072M L-lysine.

ACKNOWLEDGEMENTS

‘The authors are grateful to the University Grants Commission, New Delhi, for
inancial assistance and to the Dean, M.G.M. Medical College. Indore for providing
cessary facilities.

REFERENCES

per. HA.. V.W. Rodwell and P.A. Mayes. Metaholism of purine and purimidine nucleotides Review
Physiological Chemistry, 16th edition, Lange Medical Publication, California, 391-410, 1977. -

cassi, A., R. Marcolongo. Jr.. E. Marinello, G. Riariosforza and C. Boggiano. Liver xanthine oxidase in gouty
tients. Arthritis Rheum., 12 : 17-20, 1969.




220 Kela and Vijayavargiya July-Septen

{535

1.

T2

13.

14,

15.

16.

17,
18.

Ind. J. Physiol
Oster, K.A. Bovine milk xanthine oxidase as one of the dietry causes of early atherosclerosis. Med. Couf
6 : 39-42, 1974b.

Hajj. S.. S.M. Nasrallah, M.H. Shamma and Al Khalidi. U. Serum xanthine oxidase in normal and
pregnancy. Enzymol. Biol. Clin., 8 : 1-6, 1967.

Leonov, V.A. and L.N. Astakhova. Purine metabolism in the blood and bone marrow during
children. Vestsi Akad. Navuk Belarus. SSR, Ser. Biyal. Navuk, 2 : 59-62, 1969.

Prajda, N., H.P. Morris and G. Weber. Imbalance of purine metabolism in hepatoma of different grow
as expressed in behaviour of xanthine oxidase. Cancar Res., 36 : 4639-4646, 1976.

Spector, T. and D.G. Johns. Stoichiometric inhibition of reduced xanthine oxidase by hydroxypyrazolo:
Pyrimidines. J. Biol. Chem., 245 : 5079-5085, 1970.

Baker, B.R. and J.L. Hendrickson. lIrreversible enzyme inhibitors XCIl. Inhibition of xanthine oxidase b
purines and pyrimidines. J. Pharm. Sci., 56 : 955-959, 1967.

Coughlan, M.P., K.V. Rajagopalan and P. Handler. The role of nolybdenum is xanthine .oxidase and
enzymes. Reactivity with cyanide, — arsenite and methanol, J. Biol. Chem., 244 : 2658-2663, 1969.

Bray, R.C. Molybdenum iron-sulfur flavin hydroxylases and related enzymes. The Enzymes, Ed. Boye
Vol 12, Academic Press, New York, 299-388, 1975.

Bodansky, O. Inhibitory effect of D|-alanine, ‘L-glutamic acid, lysine and histidine on the activity of i
bone and kidney phosphatase. J. Biol. Chem., 174 : 465-476, 1948. 5

Vyas, S.P., R. Vijayvargiya and A. Saifi. Amino acids as positive and negative modifiers of cholinesterase,
Indian Acad. Med. Sci, 11 : 27-33, 1975.

Vijayvargiya, R., R.L. Singhal and G.M. Ling. L-Alanine : an activator of Pyruvate kinase in the ratps
Life Science Part I/, 8 : 1001-1008, 1969.

Koshland, D.E. The active site and enzyme action. Advances in Enzymology Ed. Nord. F.F., Vol. 22,
science Publishers, New York, 45-97, 1960.

Greenlee, L. and P. Handler. Xanthine oxidase VI. Influence of pH on substrate specificity. J. Biol
239 : 1090-1059, 1964. ]

Massey, V., P.E. Brumby, H. Komai and G. Palmar, Studies on milk xanthine oxidase. Some spectral and
properties. J. Biol. Chem., 244 : 1682-1691, 1969.

Owen, E.C. Determination of the xanthine oxidase. Methods Enzymol., 18 : (Pt. B), 590-592, 1§

Lineweaver, H. and D. Burk. The determination of enzyme dissociation constants. J. Amer. Chem
56 : 658-666, 1934.




