






































1338 

Enzymes of the purine metabolism 

localization of xanthine oxidase in human tissues. Acta. Histochem. 
Cytochem. 29, 153-162. 

Moriwaki Y., Yamamoto T. and Higashino K. (1997). Distribution and 
pathophysiologic role of molybdenum-containing enzymes. Histol. 
Histopathol. 12, 513-524. 

Moriwaki Y. , Yamamoto T. , Yamakita J. , Takahashi S. and Higashino K. 
(1998) . Comparative localization of aldehyde oxidase and xanthine 
oxidoreductase activity in rat tissues. Histochem. J. 30, 69-74. 

Motojima K. and Goto S. (1990) . Characterization of liver-specific 
expression of rat uricase using monoclonal antibodies and cloned 
cDNAs. Biochim. Biophys. Acta 1087, 316-322. 

Nagao H., Habara S., Morimoto T., Sano N. , Takahashi M. , Kida K. and 
Matsuda H. (1986) . AMP deaminase activity of skeletal muscle in 
neuromuscular disorders in childhood . Histochemical and 
biochemical studies. Neuropediatrics 17, 193-198. 

Nagy J.I., LaBella L.A. and Buss M. (1984). Immunohistochemistry of 
adenosine deaminase: Implications for adenosine neurotrans­
mission. Science 224, 166-168. 

Nakajima Y. and Bourne G.H. (1970) . Histochemical studies on urate 

oxidase in several mammals with special reference to uricolytic 
ability of primates. Histochemie 22, 20-24. 

Noguchi T. , Takada Y. and Fujiwara S. (1979). Degradation of uric acid 
to urea and glyoxylate in peroxisomes. J. BioI. Chem. 254, 5272-
5275. 

Oliver J.M., Osborne W.R ., Pfeiffer J.A., Child F.M . and Berlin A.D. 

(1981). Purine nucleoside phosphorylase is associated with 
centrioles and basal bodies. J. Cell BioI. 91 , 837-847. 

Osada Y., Tsuchimoto M., Fukushima H., Takahashi K., Kondo S., 
Hasegawa M. and Komoriya K. (1993). Hypouricemic effect of the 
novel xanthine oxidase inhibitor, TEl-6720 , in rodents. Eur. J. 
Pharmacol. 241 , 183-188. 

Palella T.D . and Fox I.H . (1989). Hyperuricemia and gout. In: The 
metabolic basis of inherited disease. Vol. 1. 6th ed. Scriver C.R., 
Beaudet A.L., Sly W.S. and Valle D. (eds). McGraw-Hili. New York. 
p965. 

Pawelczyk T. and Angielski S. (1988). Activities of the enzymes involved 
in the purine nucleotide cycle in the rat kidney cortex and medulla. 
Kidney In!. 33, 393. 

Pruslin F.H. and Reem G.H. (1980) . Immunofluorescence; A sensitive 
and rapid method for the detection of purine nucleoside 
phosphorylase in single cells. J. Immunol. Meth. 34,127-132. 

Rasanen L.A. , Karvonen U. and Poso A.R. (1993). Localization of 
xanthine dehydrogenase mRNA in horse skeletal muscle by in situ 

hybridization with digoxigenin-Iabeled probe. Biochem. J. 292, 639-
641. 

Robinson J.M. and Karnovsky M.J. (1983) . Ultrastructural localization of 
5'-nucleotidase in guinea pig neutrophils based upon the use of 
cerium as capturing agent. J. Histochem. Cytochem. 31 , 1190-1196. 

Rodan G.A., Bourret L.A. and Cutler L.S. (1977). Membrane changes 
during cartilage maturation . Increase in 5'-nucleotidase and 
decrease in adenosine inhibition of adenylate cyclase. J. Cell BioI. 
72, 493-501. 

Rohr G. and Mannherz H.G. (1979). The activation of actin: DNase I 
complex with rat liver plasma membranes. The possible role of 5'­
nucleotidase. FEBS Lett. 99, 351-356. 

Ronchetti R., Lucarini N., Lucarelli P. , Martinez F., Macri F., Carapella 
E. and Bottini E. (1984). A genetic basis for heterogeneity of asthma 
syndrome in pediatric ages: adenosine deaminase phenotypes. J. 
Allergy Clin. Immunol. 74, 81 -84. 

Rubio A., Berne R.M. and Dobson J.G. Jr. (1973). Sites of adenosine 
production in cardiac and skeletal muscle. Am. J. Physiol. 225, 938-

953. 
Rubio R. (1974). Purine nucleoside phosphorylase . In: Electron 

microscopy of enzymes. Vol. 3. Hayat. M.A. (ed). Van Nostrand 
Reinhold. New York. p 54-67. 

Rubio R. and Berne R.M. (1980). Localization of purine and pyrimidine 
nucleoside phosphorylase in heart, kidney, and liver. Am. J. Physiol. 
239, H721-H730. 

Rubio A., Berne A.M. and Winn H.R. (1978). Cerebral vascular smooth 
muscle and its control. Ciba Foundation Symposium 56. Elsevier. 

Excerpta Medica. Amsterdam: North Holland. p 355-373. 
Rubio R. , Wiedmeier T. and Berne R.M. (1972). Nucleoside 

phosphorylase; localization and role in the myocardial distribution of 

purines. Am. J. Physiol. 222, 550-555. 
Sackler M.l. (1966). Xanthine oxidase from liver and duodenum of the 

rat. Histochemical localization and electrophoretic heterogeneity. J. 

Histochem. Cytochem. 14,326-333. 
Saez J.C., Ward P.H. , Gunther B. and Vivaldi E. (1984). Superoxide 

radical involvement in the pathogenesis of burn shock. Circ. Shock 
12, 229-239. 

Salas JA, Johnstone K. and Ellar D.J. (1985) . Role of uricase in the 
triggering of germination of Bacillus fastidiosus spores. Biochem. J. 

229, 241-249. 
Samra Z.O., Oguro T., Fontaine R. and Ashraf M. (1991) . Immunocyto­

chemical localization of xanthine oxidase in rat myocardium. J. 

Submicrosc. Cytol. Pathol. 23, 379-390. 
Sato S., Tatsumi K. and Nishino T. (1991). A novel xanthine dehydro­

genase inhibitor (BOF-4272). Adv. Exp. Med. BioI. 309A, 135-138. 

Schad A., Fahimi H.D., Volkl A. and Baumgart E. (1996). Nonradioactive 
detection of mRNAa encoding for peroxisomal proteins: hetero­
geneous hepatic lobular distribution after treatment with a single 
dose of bezafibrate. J. Histochem. Cytochem. 44, 825-834. 

Schmid T.C. , Loffing J., Le Hir M. and Kaissling B. (1994) . Distribution of 
ecto-5 '-nucleotidase in the rat liver: effect of anaemia. 

Histochemistry 101 , 439-447. 
Schoen SW., Graeber M.B., Toth L. and Kreutzberg GW. (1988). 5'­

nucleotidase in postnatal ontogeny of rat cerebellum: a marker for 
migrating neNe cells? Dev. Brain Res. 39, 125-136. 

Schoen S.W., Kreutzberg G.W. and Singer W. (1993). Cytochemical 
redistribution of 5'-nucleotidase in the developing cat visual cortex. 
Eur. J. Neurosci. 5, 210-222. 

Schrader W.P. and West C.A. (1990). Localization of adenosine 

deaminase and adenosine deaminase complexing protein in rabbit 
heart. Circ. Res. 66, 754-762. 

Schrader W.P. , West C.A. and Strominger N.l. (1987). Localization of 
adenosine deaminase and adenosine deaminase complexing 
protein in rabbit brain. J. Histochem. Cytochem. 35, 443-451. 

Schubert P., Komp W. and Kreutzberg GW. (1979) . Correlation of 5'­
nucleotidase activity and selective transneuronal transfer of 
adenosine in the hippocampus. Brain Res. 168, 419-424. 

Schultz V. and Lowenstein J.M. (1976) . Purine nucleotide cycle. 
Evidence for the occurrence of the cycle in brain. J. BioI. Chem. 251 , 
485-492. 

Sculley D.G. , Dawson PA, Beacham I. A. , Emmerson B.T. and Gordon 
R.B. (1991) . Hypoxanthine-guanine phosphoribosyltransferase 
deficiency: analysis of HPRT mutations by direct sequencing and 
allele-specific amplification. Hum. Genet. 87, 688-692. 

SenGupta S. , Petsche D., Gelfand EW. and Chechik B.E. (1985). A 



1339 

Enzymes of the purine metabolism 

flow cytometric method for the detection of adenosine deaminase in 
mononuclear cells. J. Immunol. Meth. 80, 155-162. 

Stefanovich V. (1982). Effects of administration of adenosine on 
cerebral energy metabolite levels in rats during 30s of anoxia. IRCS 
Medical Science: Biochemistry: Cardiovascular System; 
Pharmacology; Physiology; Psychology and Psychiatry 10,1046. 

Stoop J.W., Zegers B.J.M., Hendrickx G.F .M., Siegenbeck van 
Heukelom H.L., Staal G.E.J., Wadman S.K. and Ballieux R.E . 
(1977). Purine nucleoside phosphorylase deficiency associated with 
selective cellular immunodeficiency. N. Engl. J. Med. 296, 651 -655. 

Sullivan J.L., Osborn W.R.A and Wedgewood R.J. (1977) . Adenosine 
deaminase activity in lymphocytes. Br. J. Haematol. 37,157-158. 

Takada Y. and Noguchi T. (1986). Ureidoglycollate lyase, a new 
metalloenzyme of peroxisomal urate degradation in marine fish liver. 
Biochem. J. 235, 391 -397. 

Terao M., Cazzaniga G., Ghezzi P., Bianchi M., Falciani F. , Perani P. 
and Garatini E. (1992). Molecular cloning of a cDNA coding for 
mouse liver xanthine dehydrogenase. Biochem. J. 283, 863-870. 

Thomas J. and Trelease R.N. (1981). Cytochemical localization of 
glycolate oxidase in microbodies (glyoxisomes and peroxisomes) of 
higher plant tissue with the CeCI3 technique. Protoplasma 108, 39-
53. 

Thompson J.L., Sabina R.L. , Ogasawara N. and Riley DA (1992). AMP 
deaminase histochemical activity and immunofluorescent isozyme 
localization in rat skeletal muscle. J. Histochem. Cytochem. 40,931-
946. 

Thompson L.F., Ruedi J.M ., Low M.G. and Clement L.T. (1987). 
Distribution of ecto-5'-nucleotidase on subsets of human T and B 
lymphocytes as detected by indirect immunofluorescence using goat 
antibodies. J. Immunol. 139, 4042-4048. 

Trotta P.P and Balis M.E. (1977) . Structural and kinetic alterations in 

adenosine deaminase associated with the differentiation of rat 
intestinal cells. Cancer Res. 37, 2297-2305. 

Tubaro E. , Lotti B., Cavallo G., Croce C. and Borelli G. (1980a). Liver 
xanthine oxidase increase in mice in three pathological models. 
Biochem. Pharmacol. 29, 1939-1943. 

Tubaro E., Lotti B. , Santiangeli C. and Cavallo G. (1980b). Xanthine 
oxidase increase in polymorphonuclear leukocytes and macrophage 
in mice in three pathological situations. Biochem. Pharmacol. 29, 
1945-1948. 

Tubaro E., Lotti B., Santiangeli C. and Cavallo G. (1980c) . Xanthine 
oxidase: an enzyme playing a role in the killing mechanism of 
polymorphonuclear leukocytes. Biochem. Pharmacol. 29 , 3018-
3020. 

Usuda N., Reddy M.K., Hashimoto K. , Rao M.S. and Reddy J.K. 
(1988a). Tissue specificity and species differences in the distribution 
of urate oxidase in peroxisomes. Lab. Invest. 58, 100-111 . 

Usuda N., Usman M.I., Reddy M.K., Hashimoto T., Reddy J.K. and Rao 

M.S. (1988b) . Immunocytochemical localization of urate oxidase, 
fatty acyl CoA oxidase and catalase in bovine kidney peroxisomes. 
J. Histochem. Cytochem. 36, 253-258. 

Uusitalo R.J. and Karnovsky M.J. (1977) . 5'-nucleotidase in different 
populations of mouse lymphocytes. J. Histochem. Cytochem. 25, 

97-103. 
Van den Bosch K.A. (1986). Light and electron microscopic visualization 

of uricase by immunogold labelling of sections of resin-embedded 
soybean nodules. J. Microsc. 143, 187-197. 

Van den Munckhof R.J.M. , Vreeling-Sindelarova H., Schellens J.P.M. 
and Frederiks W.M. (1994). Localization of uric acid oxidase activity 

in core and matrix of peroxisomes as detected in unfixed cryostat 
sections of rat liver. J. Histochem. Cytochem. 42,177-183. 

Van den Munckhof R.J.M., Vreeling-Sindelarova H. , Schellens J.P.M., 
van Noorden C.J.F. and Frederiks W.M. (1995). Ultrastrucural 
localization of xanthine oxidase activity in the digestive tract of the 
rat. Histochem. J. 27, 897-905. 

Van der Weyden M.B. and Kelley W.N. (1976). Human adenosine 
deaminase. Distribution and properties. J. BioI. Chem. 251, 5446-
5456. 

Van Reempts J., Van Deuren B., Haseldonkx M., Van de Ven M., Thone 
F. and Borgers M. (1988) . Purine nucleoside phosphorylase; a 
histochemical marker for glial cells. Brain Res. 462, 142-147. 

Vaughn K.C., Duke S.O. Duke S.H. and Henson C.A. (1982). Ultra­
structural localization of urate oxidase in nodules of Sesbania 

exaltata , Glycine max, and Medicago sativa . Histochemistry 74, 309-
318. 

Veenhuis M. and Wendelaar Bonga S.E. (1979) . Cytochemical 
localization of catalase and several hydrogen peroxide-producing 
oxidases in the nucleoids and matrix of rat liver peroxisomes. 
Hlstochem. J. 11, 561-572. 

Volkl A., Baumgart E. and Fahimi H.D. (1988). Localization of urate 
oxidase in the crystalline cores of rat liver peroxisomes by 
immunocytochemistry and immunoblotting. J. Histochem. Cytochem. 
36, 329-336. 

Wad a I., Eto S., Himeno M. and Kato K. (1987) . 5'-nucleotidase in rat 
liver Iysosomes. J. Biochem. 101 , 1077-1085. 

Watt W.B. (1972). Xanthine dehydrogenase and pteridine metabolism in 
Colias butterflies. J . BioI. Chem. 247, 1445-1451. 

Wid nell C.C. (1972) . Cytochemical localization of 5'-nucleotidase in 
subcellular fractions isolated from rat liver. I. The origin of 5'­
nucleotidase activity in microsomes. J. Cell BioI. 52, 542-558. 

Wilson P.O. and Hodges G.M. (1979). Focal distribution of surface 
marker enzymes after long-term culture of adult rat bladder 
epithelium and methylnitrosourea (MNU)-induced bladder tumors. J. 
Histochem. Cytochem. 27,1236-1246. 

Witte D.P ., Wiginton D.A. , Hutton J .J . and Aronow B.J. (1991). 
Coordinate developmental regulation of purine catabolic enzyme 
expression in gastrointestinal and postimplantation reproductive 
tracts. J. Cell. BioI. 115, 179-190. 

Wyngaarden J.B. and Kelley W.N. (1976). Gout and hyperuricemia. 
Grune & Stratton. New Yor. 

Xu P. , Huecksteadt T.P., Harrison R. and Hoidal J.R. (1994). Molecular 

cloning , tissue expression of human xanthine dehydrogenase. 
Biochem. Biophys. Res. Commun. 199,998-1004. 

Yamamoto K. and Fahimi H.D. (1987). Biogenesis of peroxisomes in 
regenerating rat liver. I. Sequential changes of catalase and urate 
oxidase detected by ultrastructural cytochemistry. Eur. J. Cell BioI. 
43, 293-300. 

Yamamoto T., Geiger J .D., Daddona P.E. and Nagy J.I. (1987). 
Subcellular, regional and immunohistochemical localization of 
adenosine deaminase in various species. Brain Res. Bull. 19, 473-
484. 

Yamamoto T., Kario K., Suda M., Moriwaki Y., Takahashi S. and 
Higashino K. (1991). A case of xanthinuria: a study on the 
metabolism of pyrazinamide and allopurinol. Jpn. J. Med. 30, 430-
434. 

Yamamoto T., Moriwaki Y., Suda M., Takahashi S., Hada T., Nanahoshi 
M., Agbedana E.O. and Higashino K. (1992). An immunoreactive 
xanthine oxidase protein-possessing xanthinuria and her family. 



1340 

Enzymes of the purine metabolism 

Clin. Chim. Acta 208, 93-98. 
Yip L.C. , Chang V. and Balis E.M. (1982). Membrane-associated purine 

metabolising enzyme activities of human peripheral blood celis . 
Biochemistry 21 , 6972-6978. 

Yokota S. and Nagata T. (1974). Studies on mouse liver urate oxidase 
iiI. Fine localization of urate oxidase in liver celis revealed by means 
of ultracryptomy-immunoferritin method. Histochemistry 39, 243-250. 

Yokota S., Oka J., Ozasa H. and Itoh R. (1988). Immunocytochemical 
localization of cytosol 5'-nucleotidase in chicken liver. J . Histochem. 

Cytochem. 36, 983-989. 
Zhang S.X. , Kobayashi T., Okada T., Garcia del Saz E. and Seguchi H. 

(1991). Alkaline phosphatase , 5'-nucleotidase and magnesium­
dependent adenosine triphosphatase activities in the transitional 

epithelium of the rat urinary bladder. Histol. Histopathol. 6, 309-315. 
Zimmermann H. (1992) . 5'-nucleotidase : molecular structure and 

functional aspects. Biochem. J . 285, 345-365. 

Accepted April 26, 1999 


