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Organization of rat uricase chromosomal gene differs greatly from that
of the corresponding plant gene
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The rat chromosomal gene for uricase was cloned. The gene spans more than 20 kilobases and the coding region is divided into 8 exons by 7
introns. The organization of the rat uricase gene is so greatly different from that of the soybean gene that the difference may not have been caused
only by the removal of some ancestral introns during the period of widely separated evolution.
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1. INTRODUCTION

The extent of degradation of purine differs among
species and the enzymes responsible for the degradation
have been lost during evolution [1]. Uricase (urate ox-
ydase; EC 1.7.3.3) is a copper-containing oxidase
responsible for the hydrolysis of uric acid to allantoin in
the purine degradation pathway. Humans and some
primates lack uricase and excrete uric acid as the end-
product of purine degradation [2]. Other mammals
have uricase and the enzyme is known to be localized in
the peroxisome where it forms large electron-dense
paracrystalline cores [3].

The amino acid sequence of the rat uricase has been
predicted by partial peptide analysis and cDNA cloning
[4-6]. Comparison of the sequence with that of soybean
uricase showed 40% overall homology with 3 highly
homologous regions. Comparison of such evolutionari-
ly separated genes and their products can identify the
important regions for the common function and struc-
ture, namely, the catalytic domain including substrate
binding sites and copper binding sites, the targeting
signals to the peroxisome, and the structures forming
the peroxisomal core. For these reasons, the function,
protein structure, and gene organization relationship of
uricase are of particular interest. Furthermore, the
genetic background for the loss of uricase in humans
and some primates, birds, and amphibians during
evolution is also interesting because the distribution of
the uricase among species cannot be explained by the
phylogenetic tree alone.

In this study, we have isolated the rat chromosomal
gene for uricase and sequenced most of the exons and
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flanking regions. The gene organization is compared
with that of the soybean uricase and the evolution of the
gene is discussed.

2. MATERIALS AND METHODS

2.1. Materials

Materials were obtained from the following sources: DNA
polymerase I, large fragment of DNA polymerase I (Klenow frag-
ment), universal and reverse primers, DNA ligation kit, and restric-
tion enzymes from Takara Shuzo (Kyoto, Japan); [o-2PldCTP
{>700 Ci/mmol) from ICN (Irivine, USA).

2.2. Screening of rat liver genomic library

A Sprague-Dawley rat genomic library in Charon 4A (the gift of Dr
R.D. Andersen) was screened by plaque hybridization at 42°C in the
presence of 50% formamide [7] with 32P-labeled rat uricase cDNA,
pP34-3 [4] as a probe. To screen the library with a synthetic 23-mer
oligonucleotide complementary to the mRNA region encoding the N-
terminal 8 amino acid sequence [4], hydridization was carried out at
42°C in the solution without formamide and the final washing was at
42°C with 2x SSC, 0.1% SDS.

2.3. DNA sequence analysis

The DNA fragments containing exons were subcloned into pUCI18
and their sequences were directly analyzed by the dideoxy chain ter-
mination method following the procedure in [8]. DNA sequence
analysis was done using the DNASIS program of Hitachi Software
Engineering (Yokohama, Japan).

3. RESULTS AND DISCUSSION

3.1. Isolation of phage clones carrying a uricase gene

A rat gene library was screened by plaque hydridiza-
tion using a 3?P-labeled rat uricase cDNA as a probe.
Six clones were isolated and two of them were further
analyzed after digestion of the cloned DNAs with
restriction enzymes, followed by Southern blot hybrid-
ization using various fragments of a rat uricase cDNA
as probes. Fig. 1 summarizes the restriction maps of the
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Fig. 1. Restriction maps of the rat uricase gene. Only the relevant restriction sites are shown. Solid boxes indicate exons and lines introns. Regions
covered by 3 genomic clones are shown by thick lines.

genomic DNA fragments cloned in gURI1 and gURI18,
We did not obtain any evidence from these studies or
from a preliminary genomic Southern blot analysis (not
shown) to suggest the presence of more than one gene
for the uricase in the rat genome.

3.2. Nucleotide sequence of the rat uricase gene

The DNA fragments containing exons were subclon-
ed into pUCI18 vector and their nucleotide sequences
were determined. As shown in Fig. 2, the rat uricase
gene spans more than 20 kilobases and the coding
region is divided into 8 exons by 7 introns. All the in-
tron/exon junctions obey the AG/GT rule [9].

The exon(s) containing the 5'-noncoding region and

the N-terminal coding region has not been cloned and
we therefore only tentatively numbered the exons from
IT to VIII. The end-labeled synthetic oligonucleotide
corresponding to the N-terminal region [4] did not
hydridize to any fragment of gURI1 (Fig. 1). Further-
more, direct screening of a rat genomic library with the
synthetic probe yielded 10 positive clones. However, the
rat uricase cDNA probe did not hybridize to any of the
phage DNAs and sequencing analyses of the relevant
regions of these clones revealed mismatches in every
clone ranging from 3 to 5 bases in the stretch of 23
bases. These analyses suggest the existence of a long in-
tron between exon I and exon II and/or the existence of
another intron which divides the N-terminal region.

5’ tcctatcaag aaagccatct ggctgtctat cctgegegta actgagatat atatatatat atatcagatt ataaatatat ttatatataa tatttaatat

atatatatat atatatatat atatatabca uagattcgc aggagtctet tttteccaat ggaagaccat ctccaaagac tgggeatace attgetttee

taagtgttct tgageteect tatte tga atgaaaagct agaaaggecg cagetgeatg cttaatgtca cgtagectte ttcaatcaga
Exon 1] 29 247
cggttatatt tttattacag AATGATGAAG TGGAGTTTGT TATGGGAAGG ACATGGTCAA AGTTCTCCAT ATTCAGAGGG ATGGAAAATA

CCACAGCATC AAAGAGGTGG CGACTTCGGT GCAGTTGACT CTGAGGTCCA AAAAGGATTA CCTCCATGGT GATAATTCCG ACATCATCCC CACAGACACC
ATCAAGAACA CAGTGCATGT CCTGGCGAAG TTCAAAGGGE tataatcatt cttagatget tgctacttct tgaggcaaat tcagtgcgag cttgtgteer
geegettaac ttgettttit taagetctea tttcctttta acctattttt gigtatatge catttttaaa ttttttectt tcaccctaaa ttttecaggt

ttacaagaaa agett----- ---------- --
Exon lll (248-364)
cgacctcaaa ataaacaaaa caagcegaatc aagetgaaag cttaaataag ctgtttttga tegtgageat ttctctctet ctetctetet aghTCAAMMG
CATCGAGA(I: TI‘CG.'I'A‘I'GA ACATCTGCGA GCACTTCCTC TCTTCCTITA GCCATGTCAC CCGAGCCCAT GTCTACGTGG AAGAGSTCCC CTGGAAGCGT

te tatgtcecta ttttaataaa agaaattget agegtgettt gtgctggaat gegattggea acactttgtc ctecttteag

Exon glmmsmss 44m)wwsa CGGGAACTCA CTTCTGTGAC GTGGAGCAGG TGAGGAACGE taagaaaccy acgttctcac

tgttttatt.c ttetttggtt ttttggtite ttttggttge ttatttctaa geaattectt ctcttaacaa ggaggaaaac tttaaagaat ttgtaagett

Exon V (444-628)
agggacgagt gatcagtaaa gacacegtte cgettacate accctecect ceccttetgt ctgacacagG ACCTCCCATC ATTCACTCTG GAATCAAAGA
CCTCAAGGTC TTGAAAACAA CCCAGTCTGG ATTTGAAGGA TTCATCAAGG ACCAGTTCAC TACTCTCCCC GAGGTGAAGG ACCGATGCTT TGCCACTCAA
GTGTACTGCA AGTGGCGCTA CCAGAATCGG GACGTGGATT TCGAGGCTAC CTGGTAGGGC MACAACT@ TAGGACCGAA ACCTGgtgea gettacageg
atcctggage aaagaggaga ctaggagact tagaggeetg tcgactatag aggatceecg ggtaceg--- --<s==---- -o-occoooc comccnonon

Exon Vi (629 75 1)
------------------- ¢ tectatgage tcccecaate tecacccteg tgttctagGG CGCTGTCCGG TT TGCTGGGCCC
TATGACAGAG GTGAATACTC ACCTTCCGTG CAGAAGACCC TCTATGACAT ACAAGTGCTG ACCCTGAGCC AE‘ITCCTM Gztat:cttt gteactigta
tttegaggat gegeaggaac tgtptetect gteagetety aggaagagte agtgttaaaa tagragagte gaagacactt agaagtgaca tetgetgtte

ttcaaaaget tgcatgecty caggtogact ctagaggate ------=--- --oos-o-e- Exon V|| (752-835)

CAAACATTCA CTACTTTAAC ATCGACATGT CCAAAATGGG GCTGATCAAC AAGGAAGAGE t. tt T‘ —t t ttct:cccca
teteecttea ghetectegt caatttgega caatatcaac acctaaaacc tgtageagg- --- Sosmesesss sssssesome memcc-oce-
-------------------- - e tot at te ctetactttc
taaaaagcag getetgetag acttaagtca ttgtecggea gaggagtttc coccgtgacaa t;tpuct:; ttgtttat astuctcac gtectaagea

Exon Vi (836~
gaacgetget geccccaaat ctetgaagtt acecgtgige ttectcteca gGTTTIGCTG CCTCTGGACA ACCCCTACGG CAAAATAACCG GGACGGTGA
GGAGGAAGCT GCCTTCCAGG ATGGCTCCAG CCAGTTGTGA TGCTTGGGAT AACTGTGIGC TCACCTGCAA AAATTTCAACT CAAGATACT
GATTGCTCTG CTCTGTGTGA AGTAA CTTCCGTTTC TAGTTTAGCA AGGGGCTTGT AGCTGTGCGC ACGTGGAGCC CTGCATTAGCA GACACGCAG

Fig. 2. DNA sequence of the rat uricase gene. Exons and intron sequences are shown in capital and small letters, respectively. The numbers in
parentheses refer to the nucleotide numbers of the cDNA [4]. The stop codon TGA is underlined.
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Fig. 3. Comparison of organization of the rat urjcase gene with that of the soybean gene. Gene organization is schematically illustrated. The amino
acid sequences are aligned with intron positions, Three highly conserved regions are shaded.
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Fig. 4. Comparison of parts of sequences of rat uricase and E. coli xanthine-guanine phosphoribosyltransferase [11]. Identical residues in cor-
responding positions in the two enzymes are fully shaded, and homologous residues are half-shaded.

3.3. Comparison of the rat uricase gene organization
with the soybean gene

The organization of the rat uricase gene was com-
pared with that of the soybean gene [10] as schematical-
ly shown in Fig. 3. They share 3 highly homologous
regions [4] and these regions are thought to be impor-
tant for the enzyme function. The amino acid sequence
of the conserved central region of the rat uricase was
shown to be similar to that of the E. coli xanthine-
guanine phosphoribosyltransferase [11], an enzyme in
the purine metabolism (Fig. 4). The 3 conserved regions
are coded by 3 separate exons in the rat genome,
whereas, in the soybean genome, the conserved central
region is coded by 2 exons. In addition, only 2 introns
out of 7, both of which are at the extreme C-terminal
regions, are in similar, but not identical positions and
the other 5 are in completely different positions. The
large differences in the gene organization between the
rat and the soybean uricase gene may have been caused
not only by the removal of some ancestral introns but
also by the insertion of some introns during their widely
separated evolution as suggested in other cases [12].

3.4. Loss of uricase in humans during evolution

We have already shown that total loss of uricase in
humans is not due to total loss of the gene by cloning
and sequencing of a segment of the gene [13]. The seg-
ment corresponds to a part of exon VIII of the rat gene
(Fig. 3) and neither boundary is conserved as an ex-
on/intron junction. Changes in gene organization may
have occurred during evolution before or after in-
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troduction of nonsense mutations in the human uricase
gene [14].
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