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ABSTRACT

Two full length cDNA clones encoding uricase II were isolated by plague hybridization of a
nodule ¢DNA library of Canavalia lineata with a uricase II ¢cDNA clone from soybean as a probe.
Clone pcCINUO-01 was consisted of 1,611 bp with one open reading frame (ORF) of 924 nucleotides
(NT), while clone pcCINUQ-02 was consisted of 1,024 bp with one ORF of 903 NT. Nucleotide
sequences for ORFs of the two clones showed 88.9% and 89.3% homology, respectively, to that
of soybean uricase II. Deduced amino acid sequence homologies to soybean uricase Il were 84.1%
and 85.4%, respectively. At 313 NT downstream of the termination codon in pcCINUO-01, putative
signal (AATAAA) for poly(A) addition was found, and 17 residues of poly(A) was found further
downstream of 21 NT. The peroxisome-targeting signal (Ser-Lys-Leu) was also found at the carbo-
xyl terminal of the deduced amino acid sequences for both ORFs. Deduced amino acid composition
of pcCINUO-01 and pcCINUO-02 shows that the ratios of basic amino acids (Arg, His, Lys) and
acidic amino acids (Asp, Glu) are 46 to 35 and 47 to 35, respectively. This amino acid composition
indicates a basic nature of uricase II enzyme. According to Northern analysis of different organs,
uricase II pene was expressed only in root nodule. Genomic hybridization also revealed that the
uricase II gene may be present as a small multigene family on the genome of C. lineata.

INTRODUCTION

Leguminous plants are able to utilize atmospheric nit-
rogen directly due to the complex symbiotic association
with soil bacteria, Rhizobium (Sprent, 1979). Tropical le-
gumes, such as soybean, assimilate symbiotically fixed
nitrogen inlo ureides that are translocated to the shoot
(Schubert, 1986). Ureides are formed in root nodules via
de novo purine biosynthesis and oxidation. It has been
suggested that the enzymes involved in purine biosyn-
thesis are located in the proplastids of infected cells of
the nodules, whereas the oxidation of purine occurs in
the microbodies (peroxisomes) of uninfected cells of the
nodules (Newcomb and Tandon, 1981).
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Uricase (urate; oxygen oxidoreductase, EC 1.7.3.3) is
a key enzyme involved in ureide production and catalyzes
the conversion of uric acid to allantoin in the peroxiso-
mes of uninfected cells of the nodules. This enzyme dif-
fers in all physicochemical properties from those in unin-
fected root or leaf, and has been termed uricase 11 (Berg-
mann e al., 1983). Uricase II purified from nodules of
soybean consists of four identical subunits whose mole-
cular weight is 35kD. N-35 is a subunit of uricase II
and one of the major proteins in soybean root nodules
(Bergmann ef al., 1983).

The soybean uricase II gene has seven introns and
encodes 309 amino acids. But its amino terminal contains
no signal sequence, therefore transit information must
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occur elsewhere in the gene (Nguyen et al., 1985). Sou-
thern hybridization of soybean genomic DNA with N-35
showed several EcoRI fragments hybridized with the
probe, but it is not certain that how many genes encode
uricase II (Nguyen et «l., 1985).

N-35 is translated on free polysomes in the host cell
cytoplasm and posttranslationally translocated into the
peroxisome without any apparent modification such as
processing and glycosylation (Nguyen ef «f., 1985). The
posttranslational transport has also been observed for
other peroxisomal proteins (Lazarow and Fujiki, 1985).
Using a genetic approach, Gould ef al. (1987) demonstra-
ted that one animal peroxisomal enzyme, firefly luciferase
(EC 1.13.12.7), contains the peroxisomal targeting signal
at its carboxyl terminus. Miyazawa et al. (1989) proposed
the importance ol the three amino acid sequence, Ser-
Lys-Leu-COOH, at the carboxy!l lerminus of these pro-
teins for translocation to the peroxisomes,

Various researches were carried out with symbiotic
association between C. lineale and its symbionl, Rhizo-
bium sp. (Kim and An, 1989; Choi and An, 1991), but
no plant genes associated with nitrogen assimilation have
been studied. As a part of molecular biological study on
nitrogen assimilation, we isolated two uricase II cDNA
clones and determined their nucleotide sequences and
tissue-specilic expression.

MATERIALS AND METHODS

Plant materials. C. lineata seedlings were inocula-
ted with Rhizobium sp. SNUO03 (Kim and An, 1989) and
grown in a greenhouse under natural light. Nodules were
harvested 3—4 weeks after inoculation and stored at —
70°C. Roots and primary leaves were obtained from noni-
noculated plants grown for three weeks.

Enzymes and chemicals. Enzymes and chemicals
were purchased from NEB (restriction enzymes), USB
(DNA sequencing kit), Promega (nick-translation Kkit),
Amersham (nylonmembrane, [g-*P]-dCTP, [¥S] dAT-
PaS) and Sigma (other chemicals).

DNA isolation. Plasmid DNA was isolated from E.
coli according to Brush ef al. (1985). Phage DNA was
prepared as previously described by Sambrook et al.
(1989). Genomic DNA was purified from leaves of C. li-
neata according to Ausubel ef al. (1987).

RNA isolation and Nothern hybridization. Total
RNA was isolated by the method of Davis ef al. (1986).
Total RNA of 20 pg was size-fractionated by formaldeh-
yde-agarose gel electrophoresis and transferred to a ny-
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lon membrane. Northern hybridization was carried out
as previously described by Sambrook et al. (1989).

Preparation of the probe.  Uricase 1I cDNA clone
of soybean (pNOD35) was used as a probe (Nguyen et
al., 1985). Probe DNA was labelled with [o-*PJ-dCTP
by nick-translation system (Promega).

Screening of a ¢DNA library. About 5X10" bacte-
riophages were screened according to Benton and Davis
(1977) from Agtl0 cDNA library of C [lineata nodule
(Kim, 1993).

Molecular cloning.
for the recombinant work as previously described by Sa-
mbrook el al. (1989). cDNA inserts of phage clone were
subcloned into EcoRI site of pUC19 and pBSKS using
E. coli strain JM101 as a host. Subclones were identified
hy digestion with EcoRI.

DNA sequencing, The nucleotidle sequence was de-
termined by the dideoxynucleotide chain termination me-
thod (Sanger et al., 1977). Plasmid DNA was deleted uni-
directionally with exonuclease III and S1 nuclease by
using the Erase-a-bhase system based on the protocol of
Henikoff (1984). Plasmid DNAs with serial deletion of
about 200 bp in size were chosen and used as templates

Standard procedures were used

for DNA synthesis after denaturation. The reaction pro-
ducls were separated in 6% polyacrylamide-urea sequen-
cing gels. Autoradiograms were obtained by exposure to
X-ray films and used for reading the nucleotide sequence.

Genomic hybridization. Genomic DNA of C. lineala
was digested with several restriction enzymes and sepa-
rated on a 0.7% agarose gel. The DNA was transferred
1o a nylon membrane and hybridized with wuricase 11
cDNA of soybean (Southern, 1875).

RESULTS AND DISCUSSION

Selection of phage clone containing uricase II-gene
from a nodule ¢cDNA library. A nodule cDNA library
of C. lineata constructed at our laboratory (Kim, 1993)
was screened with uricase II ¢cDNA clone of soybean
(Nguyen et al., 1985) by plaque hybridization. About 50
phage clones were selected from the first screening. Af-
ter the second screening, eight clones were selected, and
phage DNA was isolated from each clone. Digestion of
the purified phage DNA with EcoRI showed that the in-
sert size was various from 0.6 kb to 1.6 kb (Fig. 1A). Sou-
thern hybridization showed that all the inserts were hyb-
ridized with the probe (Fig. 1B). The inserls of the eight
phage clones were subcloned into pUC19 or pBSKS and
their partial nucleotide sequence were determined. Two
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Fig. 1. Electrophoresis of EcoRI-digested DNAs from positive phage clones in a 0.7% agarose gel (A) and corresponding
blot hybridized with soybean uricase II-probe, pNOD35 (B). M: A/HindlIl size marker. Upper numbers are phage

clone numbers,

different clones (Fig. 1, lanes 3, 7) were identified (rom
the partial sequencing whose sizes were about 1.0 kb and
1.6 kb, respectively (two arrow marks in Fig. 1). The two
subclones, peCINUO-01 (Fig. 1, lane 7) and pcCINUO-02
(Fig. 1, lane 3), were used for determining their nucleo-
tide sequences.

Analyses of nucleotide sequence and deduced amino
acid sequence. Nucleotide sequences of peCINUQ-01
and pcCINUO-02 were determined (Figs. 2, 3). The two
clones, pcCINUO-01 and pcCINUO-02, were 1,611 bp and
1,024 bp and contained ORF of 927 NT and 903 NT cnco-
ding 303 and 301 amino acids, respectively. With compa-
rison of soybean uricase II ¢cDNA, nucleotide seguences
for the ORFs of the two clones showed 88.9% and 89.3%
homologies and their deduced amino acid sequence ho-
mologies were 84.1% and 85.4%, respectively.

A putative translation start sile of higher plant genes,
5-AACAATGGC-3', proposed by Lutcke ef al. (1987) was
found at the corresponding site of the two clones (pcCl-
NUO-01; 5'-AACGAAGATGGC-3', pcCINUO-02; 5-AAC-
GAAAGATGGC-3). At 313 NT downstream of the termi-
nation codon in pcCINUQ-01, putative signal (AATAAA)
for poly(A) addition was found and 17 residues of poly(A)
was also found further downstream of 21 NT.

Table 1 shows the deduced amino acid compositions
of pcCINUO-01, pcCINUO-02 and pNOD35. The ratios
of basic amino acids (Arg, His, Lys) to acidic amino acids
(Asp, Glu) are 46 to 35, 47 to 35 and 45 to 36, respecti-
vely. This result indicates the basic nature of uricase

11 enzyme and is in accordunce with the fact that uricase
was eluted from the core ol rat liver peroxisomes under
alkaline conditions (Watanabe et al., 1977). Ito et al. (1938)
also reported that the amino acid composition of the pu-
rified rat liver uricase was consistent with that predicted
from the nucleotide sequence.

Hydropathy profile (Kyte and Doolittle. 1982) of the
ORF from pcCINUO-01 (Fig. 4) was very similar to that
of peCINUO-02, and there was no hydrophobic amino
acid stretches to suggest membrane-spanning sequences.
This is consistent with the biochemical and histochemical
observations that uricase II is a peroxisomal protein
(Nguyen et al., 1985).

Peroxisomal proteins are synthesized on free riboso-
mes in the cytosol and transported post-translationally
into the organelle (Borst, 1986). Unlike many precursor
proteins destined for other cellular organelles, most pe-
roxisomal proteins are synthesized at their final sizes
and do not seem to contain cleavable targeling sequence
at their N-termini (Borst, 1986). Miyazawa ef al. (1989)
proposed that several peroxisomal proteins had a targe-
ting signal (Ser-Lys-Leu-COOH) at their C-terminal. This
putative peroxisome targeting signal was also present at
C-terminal of the two clones (Figs. 2, 3). However, when
expressed in E. coli, the soybean uricase II ¢cDNA produ-
ces an active soluble cytoplasmic enzyme which correctly
assembles into a teiramer (Suzuki and Verma, 1991).
Thus, the presence of peroxisomes does not appear to
be essential for the proper assembly of the holoenzyme
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adaptor
GAGGATCCGGGTACATGGGCAACACATTTACATAATAAATGTAAGTTTCAGAAGTAATAAACTTCTCCAA =312
GAACCACCGTGTTAATAGAGATTTTGGGAGAGCCAATAACGTATTTGAATCGATGTAGTAATACCCAATC ~250
GATTATCATTCAACAATGAATTATGGAGACTGTTGGACGATGATGCAAGACGCCCACAGAACCAGAGAGA —180
GAATAGTAAAACCGGCAAGCATCCTTGTCCTCTCGCGAAGAAACACATATAAATTGAAACAAACGCATCG =110
TTACGAAGTACTCACTCACTCTTCAGTTCACAGAACGAAGATGGCGAAGGAAATAGTAGGAGGGTTCAAG 30
M A X EI VG G F K
40 60 80
TTCGATCAGAGGCACGGCAAGGAGCGAGTGCAAGTGGCGCGCGTGTGGAAGACCAAGCAAGGGTGGTACT 100
F DQ RHGEXTET RVYQVYARYWIEKTTZ KN~ QG ¥V Y F
120 140 160
TCATTGTGGAGTGGCGCGTCGGGAATAGTCTCCTCTCCGATTGCGTCAATTCTTATGTCCGCGATGACAA 170
i vV EWRVYGNG STLULSDOCVNSYVYRD D N
180 200 220
CTCTGATATCGTTGCCACTGACACCATGAAGAACACTGTATATGCAAAAGCAAAGGAATGCTCAGAAATA 240
$ DIV ATDTME XK NTV VY AZXAZXETCS STDI
260 280 300
CTTTCCGTTGAGGACTTTGCTATTCTACTTGCTAAGCACTTTATATCATTTTACAAGCAGGTTACTGCTG 310
LS YVEDTPFATITILTLATEKHTFI S FY K QVTAA
320 340 360
CTATTGTAAATATTGTGGAAAAACCATGGGAGCGTGTCAGTGTGGATGGTCAACCTCATGAACATGGTTT 380
I VNI VEZEKZPUVWETZRYSYDGAQPHEHTGTF
400 420 . 440
CAAACTTGGATCTGAGAGGCATACAGCAGAGGCAATAGTACAAAAGTCTGGTGCACTACAGTTGACTTCT 450
XK LGS ERUHTAEATI YV QX SGALOQLTS
460 480 500
GGTATTGAAGGATTGTCATTGTTGAAGACAACCAAGTCTGGTTTTGAGGGCTTCATAAGGGACAAGTACA 520
G I £EG66L SLLTEXTTI KSGTFZESGTFTIRDI KYT
540 560 530
CTGCACTTCCTGAAACACATGAAAGGATGTTGGCTACAGAAGTAACTGCTTTGTGGAGGTATTCATATGA 690
AL PETHERMLATEVYVTALTHYSYE
800 620 640
ATCACTATATAGCATCCCTCAGAAGCCACTTTACTTTACGGACAAGTATCTGGAAGTGAAAAAAGTICTG 660
S LYSIPQEKUPLYT FTDXYLEVYZ KT KTYVYL
680 700 720
GCTGACAATTTTTTTGGCCCTCCAAATGTCGGAGTCTATAGCCCATCTGTTCAAAACACTCTCTACCTGA 730
A DN F F GPPNVY GV Y SPSV GNTTILYTLHM
740 760 780
TGGCAAAGGCCGCACTAAACAGATTTCCTGAGATAGCTTCTATTCAACTAAAGATGCCAAACATTCATTT 800
A XK A ALNRTPFPETIMAWSTIOQLI KMHMPUHNTHF
820 840 850
CTTACCAGTCAATATCTCAAACAAGGATGGTCCAATTGTAAAGTTTGAAGCTGATGTATATTTGCCAACG 870
L P VNI SNIXUIDG?PT1T VX FEADYVYY L PT
880 900 920
GACGAGCCACATGGGTCAATTCAAGCTAGCTTGCGCCGCCTTTGGTCAAAGCTGTAACTACTGAAACTAT 940
D EPHGSTIQASTL LU BRRTLUVWSI KL
¥ % %
TGTGTCTCATCCCTTCTGGTGGATTTCATAAACTGTGGTGCTTATGATGCTGTAAGATCATGCACCAGAC 1010
AAACCTGGCCTCAAAGATGCTGCTITTCCATTAACGGTGTCTTGTAATTCTGGTTITTTGTTITCTTTGCA 1080
TTTTGTTTCATGGAGAACTAATATGCATGAATAACTCCCTAGGAGGATATTCTGCTGGTGTCTTGTAATT 1150
TTGCTTTCGTGTCTAACTTCCATAAATTCCTAATATCATTATGGAAACTGAAGTAAGAGTTATTATCCCC 1220
TGTTCCGATCATGAAATAGATGAKATARATTAAAAAGGATTTTTGTTCACAAAAAAAAAAAAAAAAACCA 1290
TGGTAACCCGGATCCTC
adaptor

Fig. 2. Nucleotide sequences and deduced amino acid sequences of the ¢cDNA clone, pcCINUO-01. The translation
start and termination codon are underlined. The eukaryotic poly(A) addition signal (=) and putative peroxisome
targeting signal (***) is present at 3'-noncoding region and carboxyl terminal, respectively. Poly(A) residues of 17
NT is also underlined at 21 NT downstream from poly(A) addition signal. EMBL Data Bank accession number is
X76286.
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adaptor

—— 20
GATGGATCCGGTACCATGGCAGAACGAAAGATGGCGAAGGAAATAGTAGGAGGGTTCAAGTTCGATCAGA 40
M A KEIVGGFZ KX FDOQR

60 80 100
GGCACGGCAAGGAGCGAGTGCGAGTGGCGCGCGTGTGGAAGACCAAGAAGGGTGGCTACTTCATTGTGGA 110
H GG KERVRY ARY WIKTTZ KU KTGGYT FTIUVE

120
GTGGCGCGTGGGAATCAGTCTCCTCTCCGATTGCGTCAATTCTTATGTCCGCGATGACAACTCTGATATC 180
R G S LLSDCVNSYVRDDNSBDI

200 220 240
GTTGCCACTGACACCATGAAGAACACTGTATATGCAAAAGCAAAGGAATGCTCAGAAATACTTTCCGTTG 250
VATDTMKNTYV Y AKAZXETCSDTIULSTYE

250 300
AGGACTTTGCTATTCTACTTGCTAAGCACTTTATATCATTTTACAAGCAGGTTACTGCTGCTATTGTAAA 320
D F A ILTULATEKH S F Qv A A1 V N

340 360 380
TATTGTGGAAAAACCATGGGAGCGTGTCAGTGTGGATGGTCAACCTCATGAACATGGTTTCAAACTTGGA 390
I VEEKPWEHRVYSYDGQQG?PHE L G

400 420 440
TCTGAGAGGCATACAGCAGAGGCAATAGTACAAAAGTCTGGTGCACTACAGTTGACTTCTGGTATTGAAG 460
S ERHTAE AI V QK SGALAQLTZ SGTIESG

480 500 520
GATTGTCATTGTTGAAGACAACCAAGTCTGGTTTTGAGGGCTTCATAAGGGACAAGTACACTGCACTTCC 530
L 8LLTKTTTZEKS SSGFEG GTFTIRDTEKTYTALTFP

540 560 580
TGAAACACATGAAAGGATGTTGGCTACAGAAGTAACTGCTTTGTGGAGGTATTCATATGAATCACTATAT 600
ETHEARMLATTEVTALTUHYSYESTLY

620 640 660
AGCATCCCTCAGAAGCCACTTTACTTTACGGACAAGTATCTGGAAGTGAAAAAAGTTCTGGCTGACACTT 670
s T PQKPLYTFTTDI KYULEVZEXKTEKVILADTTF

700 720
TTTTTGGCCCTCCAAATGTCGGAGTCTATAGCCCATCTGTTCAAAACACTCTCTACCTGATGGCAAAGGC 740
F G P P N G Y S PSSV GNTLYULMATEK A

760 780 800
GCACAGCTCTATCCAACTAAAGATGCCAAACATTCATTTCTTACCAGTCAATATCTCAAACAAGGATGGT 810
HS s8I QULZEKMPWNTIHRTFEFTLTFPVN 5 N X D G

840 860
CCAATTGTAAAGTTTGATGATGATGTATATTTTCCAACGGACGAGCCACATGGGTCAATTCAAGCTAGCT 880
P Y K P DDVYFPTDEZPHTGCSTIAQ 5 L

900
TGAGCCGCCTTIGGTCCAAGCTGTAACTACTGAAACTATGGTGCTCATCCCTTCTGGTGGATTTCATAAA 950
5 R L w S K L

%
CTGTGGTGCTTATGATGLTGTAAGATCATGCACCAGACAAACCTGGCCTCAAAGGATCCTC
adaptor
Fig. 3. Nucleotide sequences and deduced amino acid sequences of the cDNA clone, pcCINUQ-02. The translation
start and termination codon are underlined. The putative peroxisome-targeting signal (***) is present at carboxyl
terminal. EMBL Data Bank accession number is X76287.

in E. coli. 1991) may be uricase II subunit on the basis of their

On the basis of the deduced amino acid sequence, uri- molecular weight and abundance. However, purification
case I subunit of C. lineats had molecular weight of of uricase II from the nodule of C. lineata and expression
33~34kD similar to that of soybean (Bergmann el al., of the cDNA in E. coli will provide a clear evidence whe-

1983). Two spots with M.W. of 33~34 kD on the 2-D ther uricase Il of C. lineata is heterotetramer or homote-
gel for the total soluble nodule proteins (Choi and An, tramer.
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Table 1. Deduced amino acid composition of pcCINUO-
01, pcCINUO-02 and pNOD35

Number of residues

Residue
pcCINUO-01  pcCINUO-02  pNOD35
Ala 22 19 18
Arg 13 12 14
Asn 12 9 11
Asp 14 16 16
Cys 2 2 2
Gln 11 9 15
Glu 21 19 20
Gly 17 18 17
His 3 9 8
Ile 18 18 15
Leu 27 25 25
Lys 25 26 23
Met b 5 4
Phe 15 15 17
Pro 14 13 14
Ser 23 25 23
Thr 16 17 20
Trp 6 5 5
Tyr 13 13 13
Val 26 26 29
Total residues 309 398 301

Tolal number of amino acids is: 308.
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Fig. 4. Hydrophobicity prolile of ORF from pcCINUO-01.
Hydropobicityprofile of pcCINUO-02 is very similar to
Fig. 4. -

Tissue-specific expression of uricase II from C. lineata.
Uricase is a key enzyme involved in ureide production,
and the nodule form of this enzyme (uricase II) is diffe-
rent in all physicochemical properties from that found
in the uninfected root or leaf (Bergmann et al., 1933).

Vol. 36, No. 4

Fig. 6. Northern analysis with 1.6 kb insert of pcCINUO-
01 as a probe to determine tissue-specific expression of
uricase II gene in C. lineata. L, R and N indicates leaf,
root and nodule, respectively. 285 and 185 indicate 285
rRNA and 185 rRNA. U indicates uricase II transcript
hybridized with the probe.

Northern analysis showed that uricase II gene in C #-
neata was expressed only in the nodule with no cross-
hybridization with RNAs from uninfected root and leaf
(Fig. 5). The size of uricase II transcripts was about 1.6
kb. Nodule-specific expression of uricase II gene was
also reported in soybean (Nguyen et al., 1985) and french
bean (Sanchez ef al., 1987).

Our preliminary data showed uricase activity even in
uninfected root, although 14 times less than that of the
root nodule. This uricase activity in uninfected root was
thought to be due to the product of a different gene
(Nguyen et al. 1985) and/or a different enzyme using
the same substrate (Tajima ef al., 1985).

Late nodulins are induced shortly before nitrogen fixa-
tion (Nap and Bisseling, 1990; Verma and Delauney,
1988). They include enzymes involved in nitrogen assimi-
lation, carbon metabolism and amide and urcide biogene-
sis (Schubert, 1986; Egli e/ «f., 1989). Initial expression
of uricase Il transcripts in soybean and french bean no-
dules is not dependent on active nitrogenffixation (Larsen
and Jochimsen, 1986; Sanchez et al. 1987). To determine
the time of appearance of uricase II mRNA, total RNA
from nodule or nodulated root was slot-blotted and hyb-
ridized with pcCINUO-01 (Fig. 6). The result showed that
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Fig. 6. Slot-blot hybridization with 1.6 kb insert of pcCl-
NUO-01 as a probe to determine expression time of uri-
case II gene in C. lineata root nodule, L, leaf; R, uniocu-
lated root; R1, roots, 7 days after inoculation; Rs, roots,
10 days after inoculation; N, nodules, 21 days after ino-
culation.

mRNA for uricase II appeared in about 7 days after infe-
ction. This result is similar to that of soybean, in which
uricase II mRNA appeared between 6 and 9 days after
infection (Nguyen e/ «l., 1985). Northern analysis using
the leghemogloin gene as a probe and measurement of
nitrogenase activity during nodule development will de-
termine whether uricase II is induced before or after
the start of nitrogen fixation.

Genomic Southern hybridization. Many proteins arc
encoded in the plant chromosomes by multiple copy ge-
nes. ¢DNA and genomic clones for uricase II have been
obtained from soybean (Nguyen ef «/. 1985) and cDNA
clones from P. vulgaris (Sanchez et al. 1987). However,
it is still not clear how many genes encode uricase IL
Southern hybridization of EcoRI digests of soybean geno-
mic DNA with uricase II probe suggested that there may
be multiple genes for this enzyme (Nguyen ef al, 1985),
but there was also a possibility that these hybridization
band pattern was due to allelic variants rather than sepa-
rate genes.

Southern hybridization of C. lineata genomic DNA, di-
gested with several restriction enzymes, also revealed
three to five restriction fragments hybridizing with pcCl-
NUOQO-01 probe (Fig. 7). Southern hybridization data and
the fact that two different ¢cDNA clones were isolated
from the nodule cDNA library suggests that uricase II
gene may be presenl as multiple genes on the genome
of C. lineata, but isolation of genomic clones will provide
more accurate information.
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Fig. 7. Southern hybridization of C. /ineata genomic DNA
with 1.6 kb insert of pcCINUO-01 as a probe. M, A/Hin-
dlll size marker; E, EcoRI; H, Hindlll; B, BamHI;, P,
Pstl.
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