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Molecular Coevolution of Urate Oxidase(Uox)
and Xanthine Oxidoreductase(Xor) Genes

and Its Biological Implications
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Urate oxidase (Uox) and xanthine oxidoreductase (Xor) are purine metabolic enzymes. It is
known that the final product of purine metabolism has been alterd from allantoin to uric acid
due to loss of Uox activity during hominoid evolution. I have focused on the Uox and Xor genes,
which are directly involved in uric acid metabolism. I have investigated molecular evolutionary
changes of Uox and Xor genes, and their biological implical implications.

Firstly, I have determined and compared the promoter, coding and intronic sequence of the
Uox gene of various primate species. Although I have confirmed the previous observation that
inactivation of the gene in the clade of humans and great apes has resulted from a single CGA to
TGA nonsense mutation in exon 2, I have found that the inactivation in the gibbon lineage has
resulted from an independent nonsense mutation at a different CGA codon in exon 2, or from
either one base deletion in exon 3 or one base insertion in exon 5. This is contrary to a previous
claim that suggests that the cause is a 13 bp deletion in exon 2. I have also found that, compared
to other organisims, the primate functional Uox gene is exceptional in terms of usage of CGA
codons which are prone to TGA nonsense mutations. Nevertheless, I have demonstrated a rather
strong selective constraint against nonsynonymous sites of the functional Uox gene and argued
that this observation is consistent with the fact that the Uox gene is unique in the genome and is
evolutionarily conserved not only among animals but also among eukaryotes. A further
observation has indicated that there are a few substitutions in the cisacting element or
CAAT-box (or both) of primate functional Uox genes, which may explain the lowered
transcriptional activity. I have therefore suggested that although the inactivation of the
hominoid Uox gene is caused by independent nonsense or frameshift mutations, the gene has
taken a two-step deterioration process, firstly in the promoter region and secondly in the coding
region during primate evolution.

Secondly, I have examined molecular evolution of the Xor gene in relation to Uox
inactivation. It is known that Xor activity is lower in humans than in other mammals, including
rats and mice. The coding sequences (around 4 kb) of one human, six mammals and one chicken
were retrieved from GenBank. From these sequences I have examined lineage-specific amino
acid substitutions and estimated the degree of functional constraints by the maximum
parsimony method. There are no amino acid substitutions that are responsible for the lowered
Xor activity in hominoids. I have therefore determined and analyzed the promoter sequences
(around 900 bp to 3.7kb) of the Xor gene of one human, one chimpanzee, one pygmy chimpanzee,
one gorilla, one orangutan, one white-
handed gibbon, siamang, three Old World monkeys, New World monkeys, two prosimians, one
tupaia and four other other mammals. It is found that a promoter module of activator protein 1
(AP-1) and glucocorticoid receptor (GR), predicted by an in silico approach, is present in most of
the hominoids examined but absent in other species. The promoter module may render the Xor
gene down modulated by interacting AP-1 and GR. In addition, I have found two independent

substitutions caused by T to G transversions in repressor elements of the Xor gene, an E-box
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with the consensus sequence GTTTC. One substitution is in the white-handed gibbon lineage
and the other is in the lineage leading to the great ape clade. The presence of these repressor
elements correlates well with reduced transcriptional activity of the Xor gene.

Finally, I have found that Xor gene repression may have occurred at least once in mammals
and twice in hominoids The TATA like element that appeared at the ancestral node of the tupaia,
pig and cow is conserved. This observation indicates that the initial downregulation of the
hominoid Xor gene occurred in the ancestral species of mammals. In hominoids, repression of the
Xor gene may be directly related to Uox inactivation since nucleotide substitutions of the Xor
gene, which form new TF binding sites, were observed just before (AP-1 and GR) and after (E-box
and GTTTC) the time when Uox lost its enzymatic activity. These results suggest that molecular
coevolution of the Uox and Xor genes began during mammalian evolution by lowering the
expression level rather than by functional change of the protein. The molecular coevolution
successively occurred due to loss of enzymatic activity and repressed transcriptional activity in
hominoids.

From these findings, I have proposed the following biological implications of coevoluving the
Uox and Xor genes (1) regulation of uric acid concentrations in blood (uric acid homeostasis) and
(2) Contribution of molecular coevolution of antioxidant defense system in hominoids. Moreover
this kind of molecular coevolution explains how metabolic pathways evolve among closely related
species. Because the protein-coding region of genes which involve in various metabolic pathways
is very well conserved for humans and mice, species-specific features of metabolism are unlikely
to be found by comparing only the protein-coding regions. Thus, (3) molecular coevolution at the
level of expression may play an important role as an evolutionary force in the metabolic pathway.

Such molecular coevolution in the purine metabolic pathway stems from evolutionary
changes in protein and gene expression through mutation in the genome. This pattern may be
generalized in other metabolic systems and provide a clue of comprehending hitherto unrevealed

phenotypic evolution. I believe that molecular coevolution is a reflection of organismal history in

changing environments.
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EEMHBTIE, REROBENLERETOBBOMAEZER L TITFoR2DDTH
5, RBZROERBEEZTOELLEBBICIOVWTIRARALREANEZN, ZOZLE2HAT
i, REROEBEUNERIEMEMOLBERENTHE2HR., To—D2&L TS
JORBMENEBTOSNS.DNAPRNADELBEKR LD 7Y VEORBBEEEERIT,
EMBIC X DM ICRIBL, BRRBEOARZ> TS,

AT, BABRIKBWTREBECESR (Uox) BAREHALLEEZD, TV &K
DEKRBYIEIRB THE2EVWIRHMIIELZY TE. BEABUAOWHIALE Uox
DEEEFTHIOTREKRBENRIT S>> THB, COXIRBRRABOENE
HEL LAEERCEEZHALSNACTEIEDIR.RBET 7> M 2 ITHHET 5 Uox &
DeRFHIFU, FHYUFUDNCRBEEAT A FY O FUBABITLERE (Xor)
WHEBLZ. EFDO Xor BBETFORBRL RIVIITTZEEKRL T 100 FENENWDE
RERCEDE, Lr2E0EABRICBYS Ux OFRERMLOMELERZ FHEL T,
WEEIRE - LRER OS> FEAEFNERZT - 2.

ZORBE.BABRIIBITS Uox OFREHELBRIIBEN TSI EVHLGNERS
mo BAMICIE., I BOEABORBHECRBYZ 0T —HBOERITHDHE
GBFREAOETE., REEABEINEEAROELEBERIB VW TI—T 1 2 JHIRI
MIWCECELERICIIBEEOREREETH S, RiZ. Xor BEETOE/ALBEEZ Uox
BEFOREEBREEOEETERLE. Xor BEFOBE., >N —TFT 14 27
EBRICIZEABICB T S BELSLCEDLDIERIBEZINAL, LML, JOE—%
— IR OMENS ., Xor BEFORBEETY Usx BRETFTERAKICEENICEACEZZ &
MREASHMCED . EEFOELOBRIZIBIT S UxBETFE Xor BEFOH FHiEl
B, YoNRTOBEELIDDOLABRTFRELVANINVOELICERT S Z ENRS
Nz,

AHX TR, TOHS5OMAZETICILT, BEFLANNVOELAERFEM L X)L OEL
EHEIAADNZZLZLCDOVWTERINTWVWS, ZITHELNEEZSDHARETHRLVDD
THD., BB INEARLEMEOELRSIRENHFETEZ S,

PUEDFEMED . ARLOAEZIB L (ER) KT AKETLHIDHOTHS EHEL Z,
B, AFEMEFHXONECHET? IBOFEREFHR X (BHEHIEHEE) v, HRE
#METH 5 Mol.Biol.EyolLiZBEICHEE N TN 5,
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