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SUMMARY:  Computer analysis has shown that a conserved amino acid
sequence (Leu 160 to Lys 164) of rat liver uricase is also present in other enzymes
with purine substrates. The significances of the amino acids in this sequence
were studied by site-directed mutagenesis. Replacement of Lys 164 by Glu or lie
resulted in loss of uricase activity and decrease in binding of the competitive
inhibitor xanthine. The far ultraviolet circular dichroic spectra of the mutant
uricases were identical to that of the wild type protein, indicating that the
replacement of Lys 164 by other amino acids did not result in serious modification
of the conformation of uricase. These findings suggest that this amino acid is
involved in the substrate-binding site of the enzyme. o 1992 acagemic press, nc.

Uricase(E.C.1.7.3.3), catalyzing the conversion of uric acid to allantoin in the
degradation pathway of purines to ammonia has been mainly studied from the two
points of view. First, as the enzymes responsible for this degrading process,
urease, allantoicase, allantoinase and uricase, have been shown to lose their
activities in this order during primate evolution, these enzymes have been used as
good experimental systems to study molecular evolution. Second, as the absence
of uricase in humans may be the primary reason for metabolic disorders resulting

in gouty arthritis and Lesch-Nyhan syndrome (1,2), but its loss seems to result in a
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high serum level of uric acid, which decreases the incidence of cancer by
functioning as a powerful antioxidant or scavenger of radicals (3), this enzyme has
been studied from medical view points.

There are reports of the clonings and sequencings of uricase cDNAs from the
baboon (4), pig (5), rat (6,7,8) and mouse (4), and genomic analyses of genes
encoding uricase in the rat (9), a fly (10) and soybean (11). The amino acid
sequences predicted from these nucleotide sequences indicated that uricase has
been fairly well conserved during evolution. Therefore, in the present study we
examined the amino acid residues involved in the substrate-binding site of rat

uricase.

Experimental Procedures

Bacterial strains and construction of recombinant plasmid- E. coli strains
BMH71-18 (mutS215) and BW313 (dut1, ung1) were used. Bluescript SK(+)
(Stratagene) was employed as a vector, and a cDNA encoding mature rat uricase
{302 amino acids), referred to as pRU17, was ligated into this vector at the EcoR1
site in the same orientation as the coding frame. The recombinant plasmid
obtained encoded a fusion protein carrying an N-terminal extension of 39 amino
acids ( MTMITPSSELTLTKGNKSWSSTAVAAALELVDPPGCRNS) derived from
a linker portion of the vector and is referred to as pRU17BS.

Mutant construction-Site-specific mutagenesis was carried out in an
oligonucleotide-directed in vitro system by a modification of the method of Kunkel
etal(12). Single stranded DNA containing uracil was prepared from phages
produced in strain BW313 harboring pRU17BS.  The mutagenic oligonucleotide
primers employed are shown in Table 1. The oligonucleotide-primed reaction
was transfected into BMH 71-18 cells.

Protein preparation-E. coli cells harboring the recombinant plasmid ligated to rat

uricase cDNA were grown in 1 liter of LB medium containing 100 ug /mi of
ampicillin to the early log phase and then incubated for 2 hrs at 37 °C in the
presence of 2 mM isopropyl-B-D-thio-galactopyranoside (IPTG). The cells were
then harvested, disrupted with lysozyme and sonication. The recombinant uricase
was purified by a procedure described for rat liver uricase (13) with some
modifications . The precipitate was washed with 100 mM sodium borate buffer
(pH10.0), resuspended in 100 mM sodium carbonate buffer (pH11.0) and shaken
for2 hrs at 4 °C. The mixture was centrifuged at 12,000¢g for 20 min, and uricase
activity was recovered in the supernatant fraction.

Measurements of uricase activity and substrate-binding activity-Uricase activity
was assayed at 25 °C by measuring reduction of the absorption at 292 nm due to
disappearance of uric acid. One unit of enzyme activity was defined as that
reducing 1 n mol of uric acid per minute. For determinations of Km and Ki values,
reaction mixtures contained 2 pg of enzyme and 5 - 50 uM uric acid, and 50 uM
xanthine, respectively.
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The bindings of uricase and its competitive inhibitor xanthine were assayed by
gel filtration on an NAP-10 column (Pharmacia). Reaction mixture containing

10 nmol (300 ug) of uricase and 2 nmol of [14C]xanthine (NEN) in 200 pl was
incubated at 25 °C for 60 min and applied to the column. The column was then

washed with buffer and eluate fractions of 200 pl were collected. [14C]Xanthine
bound with the enzyme was recovered in the void volume, reflecting the larger
molecular weight of the complex.

Measurement of circular dichroic spectra-Far-ultraviolet dichroic spectra were
measured with an automatic spectropolarimeter J600. Spectra were obtained in

buffer containing enzyme at a concentration of 300 pg/ml in a cell with an optical
path of 2 mm. The mean residue ellipticity [8] is expressed in unit deg cm2 dmol-1.

Results and Discussion
Expression of rat uricase in Escherichia coli and its purification -When E. coli celis

harboring recombinant plasmid pRU17BS were grown in the presence of IPTG,
the induced uricase constituted 5 % of the total cell proteins and was concentrated
in the insoluble fraction as inclusion bodies. The precipitated uricase was
washed, solubilized and purified as described in Experimental Procedures. The

preparations obtained during purification are shown in Fig. 1.
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Fig. 1. SDS-polyacrylamide gel electrophoresis of uricase produced in E. coli.
The uricase preparations described in Experimental Procedures were subjected to
SDS-polyacrylamide gel electrophoresis: (1) Cells, (2) Disrupted-cell precipitate,
(3) pH 10-precipitate and (4) pH 11-eluate. Molecular weight markers (M.M.)
were run in parallel with the preparations. The specific activities (nmol/min/mg) of
the fractions were as follows: (1) 73, (2) 200, (3) 1,667, (4) 4,143.
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* * ok K
Rat (151-172) PIIHSGIKDLKVLKTTQS]GFEG
Fly (195-216) Q TV I T|G IIKG|LIR{VLKTTQ S|SIFlVN
Soybean (147-168) L QL T S|G I|EG|LISVLEKTTQ S|G|FfV N

Fig. 2. Partial alignment of the amino acid sequences of rat (8), fly (10) and
soybean (11). Identical amino acid residues are boxed and the residues
conserved in HPRT (14) and XGPRT (15) are marked by stars above the
sequences. The aligned amino acid positions are shown in brackets (with the first
methionine as position 1).

Constructions of mutant uricases-The amino acid sequences of uricases have
been deduced from the cDNA nucleotide sequences of enzymes from various
sources (4,5,6,7,8,10,11). For determination of the region responsible for enzyme
activity, the amino acid sequences of uricases from the rat (8), a fly (10) and
soybean (11) were aligned as representative sequences of mammals,
invertebrates and plants during evolution, and several conserved regions were
found. A computer search showed that of these conserved regions, the sequence
of Leu 160 to Lys 164 in rat liver uricase was also presented in human
hypoxanthine-guanine phosphoribosyl transferase (HPRT, EC2.4.2.8) (14) and
xanthine-guanine phosphoribosyl transferase (XGPRT, EC2.4.2.22) of E. coli (15),
both of which have a purine as a substrate (Fig. 2). We selected Lys 164 in this
sequence for site-directed mutagenesis (12), changing it to Glu or lle. The
oligonucleotide sequences used to direct these site-specific mutations are shown
in Table1, and the changes in the mutated cDNAs were verified by sequencing
about 200 nucleotides around the mutation site (data not shown).

The cDNAs encoding mutated uricases (K164E and K164!) were expressed in
the presence of IPTG in E. colicells. Productions of the mutated uricases at
similar levels to that of the wild type protein were observed. Purified preparations
of both mutated uricases reacted with anti-rat liver uricase antibody (data not
shown) but showed marked reductions of specific activities, to less than

10 nmol/min/mg.

Loss of substrate-binding activity of mutated proteins-The conservation of amino
acid sequences in various enzymes with purines as substrates and the loss of
enzyme activities of mutated uricases suggested that Lys164 might be involved in

104



Vol. 187, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Table 1. Mutagenic primers used. The nucleotide sequence
encoding the amino acid sequence from Leul60 to Serl68 is
shown. The altered nucleotides and amino acids are
indicated by closed circles and underlines, respectively.
mutant sequence used for construction of mutant uricase
57 3

wild CTCAAGGTCTTGAAAACAACCCAGTCT

LeuLysValLeuLysThrThrGlnSer
K164E CAAGGTCTTGC.;AAACAACCCA

LysValLeuGluThrThr
(A d

K1641 AAGGTCTTGATCACAACCCAGT

LysValLeuIleThrThrGln

the substrate-binding site of the enzyme. Therefore, we measured the substrate-
binding activities of the mutated proteins K164E and K1641. For this purpose, we

examined competitive inhibition of the enzyme by xanthine. The Km value of the
enzyme for uric acid was calculated to be 8.33 uM and the Ki value of xanthine to
be 3.56 uM, indicating that xanthine binds to uricase 2.5- fold more strongly than
uric acid.

The bindings of xanthine to wild and mutated uricases were measured by gel
filtration. On gel filtration, [14C]xanthine appeared in later fractions reflecting its
fow molecular weight (Fig. 3, crosses). But with a mixture of wild uricase and
[1 4C]xanthine, the radioactive peak was recovered in the void (earlier) fraction

(Fig. 3, closed circles). In the presence of excess cold xanthine, this peak
disappeared and the radioactivity was again found in later fractions (Fig. 3, closed

triangles). K164E and K164l mutated proteins did not bind with xanthine (Fig. 3,
open circles and triangles).

Changes in tertiary structure of mutant proteins were examined by measuring the
far ultraviolet circular dichroism spectra. The spectra of the mutant proteins were

virtually identical to that of the wild type protein (Fig. 4). Uricases contain
51 £ 0.7 % of a—helix and 19 * 0.8 % of B-sheet, calculated by the method of

Provencher and Gloeckner (16), and change of Lys 164 to Glu or lle did not cause

appreciable alteration in the tertiary structure of the protein. In the present
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Fig. 3. Measurement of xanthine bound to uricases. The following samples were
assayed as described in Experimental Procedures: wild type protein and

[*4C]xanthine (closed circles); K164E mutant protein and ['4C]xanthine {open
circles); K164l mutant protein and [14C]xanthine (open triangles); wild type protein,
[14C]xanthine and 50-fold excess (100 nmol) of cold xanthine (closed triangles);
[14C]xanthine alone (crosses).

experiments using site-directed mutagenesis, we showed that replacement of Lys
164 by Glu or lle caused reduction of the catalytic activity and the binding activity
to the competitive inhibitor xanthine without alteration of the tertiary structure.

These results indicated that Lys 164 is envolved in the substrate-binding site of rat

liver uricase.
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Fig. 4. Comparison of far-ultraviolet dichroic spectra of wild type and mutant
uricases. K164E and K164 mutant proteins were examined. The spectrum of
K164E (thin line) as representative is compared with that of the wild type protein
(bold line).
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