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A full-length complementary DNA (cDNA) clone encoding a putative copper/zinc superoxide
dismutase (Cu/Zn SOD) of papaya fruit, Carica papaya L. cv. Tainong 2, was amplified according
to the polymerase chain reaction technique from cDNA synthesized from fruit messenger RNA.
Nucleotide sequence analysis of this cDNA clone revealed that it comprised a complete open reading
frame coding for 152 amino acid residues. The deduced amino acid sequence showed higher identity
(81.6-84.9%) with the sequences of the cytosolic Cu/Zn SODs than those of the chloroplast from
other plant species, and no recognizable plastid targeting peptide was found. These suggest that
the papaya fruit cDNA clone encodes a cytosolic Cu/Zn SOD. The residues required for coordinating
copper (His-45, -47, -62, and -119) and zinc (His-62, -70, and -79 and Asp-82), as well as the two
cysteines (56 and 145) that form a single disulfide bond, are conserved as they are among all reported
Cu/Zn SOD sequences. In addition, the coding region of Cu/Zn SOD cDNA from papaya was
introduced into an expression vetor, pET-20b(+), and transformed into Escherichia coli AD494-
(DE3)pLysS. A predominant protein band was detected by Coomassie blue staining of native PAGE,
and activity staining confirmed the result of Coomassie blue staining. These indicate that this
Cu/Zn SOD cDNA clone can overexpress active Cu/Zn SOD enzyme in E. coli.
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INTRODUCTION
Superoxide dismutases (SOD; superoxide:superoxide

oxidoredutase, EC 1.15.1.1) are enzymes that dismutate
molecular oxygen radicals and thus prevent the lethal
effects of oxygen radicals in aerobic organisms. SODs
are metalloproteins and are classified into three types
(Mn, Fe, and Cu/Zn SOD) depending on the metal found
in the active site (Brock et al., 1980; Fridovich, 1986;
Harris et al., 1980).
In plants, the activity of SOD increases in response

to a variety of environmental and chemical stimuli
(Fridovich, 1986; Perl-Treves and Galun, 1991). In
transgenic plants, alfalfa overexpressing Mn SOD tended
to reduce injury from water deficit stress and improve
tolerance of oxidative stress in adaptation to field
environments (McKersie et al., 1996). The most promi-
nent plant SOD is a Cu/Zn isoenzyme found in the
cytosol and plastids (Sakamoto et al., 1992). Many plant
Cu/Zn SOD complementary DNA (cDNA) from leaves
or seedlings have been sequenced and compared, but
there are no reports on Cu/Zn SOD cDNA from fruit
tissue.
Previously, we have cloned and sequenced the cDNA

of Cu/Zn SOD from sweet potato tuberous root (Lin et
al., 1993) and analyzed its gene structure (Lin et al.,

1995a). The subunit interaction enhancing the enzyme
activity and stability has been established (Lin et al.,
1995b), and Arg-141 to Ser in sweet potato Cu/Zn SOD
by site-directed mutagenesis showed unusual thermal
stability (Lin et al., 1996). We also have cloned and
sequenced a Mn SOD from sweet potato callus induced
from leaves (Lin et al., 1997). Here we report the cDNA
sequence and deduced amino acid sequence of Cu/Zn
SOD from papaya fruit. The coding region of Cu/Zn
SOD cDNA was introduced into an expression vector,
pET-20b(+), and transformed into Escherichia coli
AD494(DE3)pLysS. It was demonstrated that this
cDNA clone can overexpress an active Cu/Zn SOD in
E. coli.

MATERIALS AND METHODS
Materials. Papaya (Carica papaya L. cv. Tainong 2) fruit

with color-break appearance was harvested from a local
papaya orchard. The fruit was stored frozen at -70 °C until
used.
mRNAPreparation and cDNA Synthesis. Thirty grams

of frozen papaya tissue was mixed with 2 g of glass beads and
ground to powder in a ceramic mortar with liquid nitrogen.
The sample was dissolved in 80 mL of extraction buffer
containing 57.4 g of guanidium hydrochloride (Boehringer
Mannheim Biochemical), 0.4 g of sodium sarcosyl (Serva), 2
mL of 1 M sodium citrate (Sigma Chemical) (pH 7.0), and 560
µL of 2-mercaptoethanol (Sigma Chemical). Total RNA was
prepared by using the guanidium hydrochloride procedure
(Yeh et al., 1991). The poly(A)+ RNA was isolated according
to the oligo-(dT) cellulose (Boehringer Mannheim Biochemical)
chromatography (Aviv and Leder, 1972). Double-strand blunted
cDNA was synthesized using a kit (cDNA synthesis module
RPN1256) from Amersham (Little Chalfont, Buckinghamshire,
England).
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Subcloning and DNA Sequence Analysis. One micro-
gram of blunted cDNA was ligated with 30 pmol of Marathon
cDNA adaptor (Clontech, Palo Alto, CA) at 22 °C for 4 h. A
Ta-N primer (5′ TTA CCA AGA TCA TCG GGA TC 3′) was
synthesized according to the sequence of sweet potato Cu/Zn
SOD (Lin et al., 1993). Using 0.1 µg of the ligated cDNA as a
template, 10 pmol of Clontech adaptor primer and 10 pmol of
Ta-N primer were added. One 0.4 kbp DNA (5′-RACE:5′-
cDNA end) was amplified by using the PCR technique. The
0.4 kbp fragment was subcloned into pGEM-T (Promega,
Madison, WI) using JM109 as a host. Nucleotide sequence
was determined in both directions according to the dideoxy
technique with a Taq track sequencing systems kit (Promega).
A PaCu-4 primer (5′ ATC CGT CAT GCT GGT GAC CTT GGA
3′) was synthesized according to the determined 0.4 kbp DNA
(5′-RACE) sequence. Again using 0.1 µg of the above ligated
cDNA as a template, one 0.35 kbp DNA (3′-RACE: 3′-cDNA
end) was amplified by PCR with adaptor primer and PaCu-4
primer. The 0.35 kbp DNA fragment was subcloned and
sequenced. Sequence analysis revealed that 5′-RACE and 3′-
RACE cover the full-length Cu/Zn SOD cDNA. Using the 0.4
kbp DNA (5′-RACE) and the 0.35 kbp DNA (3′-RACE) as
templates, one fused full-length cDNA of Cu/Zn SOD was
created by PCR technique (EMBL accession no. is Y13610).
Recombinant DNA Preparation and Transformation.

Using 100 ng of blunted cDNA as a template, 10 pmol of each
5′-primer and 3′-primer was added (5′-primer, 5′ CCC ATG
GTG AAGGCT GTA GCT GTC 3′; 3′-primer, 5′ GGA ATT CCC
TTG GAG ACC GAT GAC TCC 3′). A 0.45 kbp DNA fragment,
amplified by PCR technique, was ligated with pGEM-T
(Promega) and transformed into E. coli JM109 host. A positive
clone was selected by hybridization with 32P-labeled Cu/Zn
SOD cDNA as probe. After the plasmid DNA of positive clone
was isolated and digested with NcoI and EcoRI, it was
separated by 0.8% agarose gel electrophoresis. A 0.45 kbp
insert DNA containing NcoI and EcoRI sites was recovered
from the gel and ligated with pET-20b(+) (pretreated with
NcoI and EcoRI) from Novagen (Madison, WI) and transformed
into E. coli AD494(DE3)pLysS as host. The transformed clone

was selected by hybridization with 32P-labeled Cu/Zn SOD
cDNA as probe.
Culture and Enzyme Production. Transformed E. coli

cells were grown at 37 °C in 3 mL of Luria Bertani medium
containing 50 µg/mL ampicillin (Sigma Chemical), 30 µg/mL
kanamycin (Gibco BRL), and 34 µg/mL chloramphenicol (Gibco
BRL) until A600 reached 0.9. Isopropyl â-D-thiogalactopyra-
noside (IPTG; Gibco BRL) was added to a concentration of 1
mM. The culture was incubated at 37 °C for 5 h on a rotary
shaker (120 rpm), and the bacterial cells were harvested by
centrifugation at 9000g for 1 min. The cells were suspended
in 0.2 mL of Tris buffer (10 mM Tris buffer, pH 7.5, containing
5% glycerol); 0.1 g of glass bead was added and vortexed for 5
min and then centrifuged at 13000g for 5 min. The superna-
tant fraction was subjected to enzyme assay.

Figure 1. Nucleotide sequence of a papaya Cu/Zn SOD cDNA and the deduced amino acid sequence. Numbers to the left refer
to nucleotide and its deduced amino acid residues. Consensus sequence of the translation start site is underlined, and the
polyadenylation signal is marked by a double underline. The asterisk denotes the translation stop signal.

Figure 2. Activity (A) and Coomassie blue (B) staining of the
crude extract of recombinant papaya Cu/Zn SOD: lane 1,
AD494(DE3)pLysS carrying pET-20b(+) as control; lane 2,
AD494(DE3)pLysS carrying recombinant Cu/Zn SOD cDNA.
An arrow denotes Cu/Zn SOD activity (panel A) and the
corresponding protein band (panel B), respectively.
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Enzyme Assay by Activity Staining on Native PAGE.
Two 10 µL equivalents of the enzyme extraction were electro-
phoresed in 10% native acrylamide gel for 3 h at 100 V, and
the gel was cut into two parts: one was assayed for Cu/Zn
SOD activity staining as described previously (Beauchamp and
Fridovich, 1971), and the other part was stained with Coo-
massie blue.

RESULTS AND DISCUSSION

Figure 1 shows the nucleotide and deduced amino acid
sequences of a Cu/Zn SOD cDNA clone. Sequence
analysis showed that the cDNA was full length, con-
taining a complete open reading frame coding for 152
amino acid residues. The translated protein does not

Figure 3. Optimal alignment of Cu/Zn SOD among several plant species. The alignment of amino acid sequences translated
from cDNA sequences used the PILEUP program in Wisconsin Sequence Analyze Package. The accession numbers in EMBL and
the names for these sequences are as follows: Cpsodc, papaya, this study (EMBL no. Y13610); Sosodc, spinach (X53872); Ibsodc,
sweet potato (X73139); Slsodc, tomato (X14040); Pssodc, pea (M63003); Atsodc, Arabidopsis (X60935); Zmsodc, maize (M15175);
Ossodc, rice (D01000); Sosodp, spinach (D10244); Pssodp, pea (J04087); Slsodp, tomato (X14041). Numbers refer to amino acid
residues of each species. A dot refers to identities with papaya, and a dash denotes deletion. Residues coordinating copper and
zinc are indicated with asterisks. The two cycteines that form a disulfide bridge are underlined.
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contain a transit peptide, suggesting that the enzyme
is cytosolic as reported from other sources (Kanematsu
and Asada, 1990). The DNA sequence translation start
site (A AAA ATG G) fully matches the consensus
sequence (A ACA ATG G) reported in plants (Lütcke et
al., 1987).
The coding region was amplified and ligated with an

expression vector, pET-20b(+), and transfomed into E.
coli for expression. Figure 2 shows the predominant
protein was detected by Coomassie blue staining of 10%
native PAGE (panel B, an arrow denotes Cu/Zn SOD
protein), and activity staining (panel A, an arrow
denotes Cu/Zn SOD activity) confirmed the result of
Coomassie blue staining.
Figure 3 shows that seven residues coordinating

copper (His-45, -47, -62, and -119) and zinc (His-62, -70,
and -79 and Asp-82), as well as the two cysteines (56
and 145) that form a single disulfide bond, are conserved
as they are among all reported Cu/Zn SOD sequences
(Fridovich, 1986). Table 1 shows higher identity (81.6-
84.9%) with the amino acid sequence of the cytosolic Cu/
Zn SOD than that of the other chloroplast from other
plant species. These comparisons were done by the
program of the University of Wisconsin Genetics Com-
puter Group.
From the alignment of published Cu/Zn SOD protein

sequences, we constructed a phylogenetic tree (Figure
4) which suggests that plant Cu/Zn SODs are divided
into two groups according to their cytoplasmic (lacking
plastidic targeting sequence) or chloroplastic (containing
targeting sequence) location (Bordo et al., 1994). How-

ever, the two Cu/Zn isozymes arise from the same
ancestor gene in the nucleus, and the gene, for the
preexisting duplicated cytosolic enzyme, obtained a
transit peptide sequence allowing it to be rerouted into
the plastid or other organelles (Tanaka et al., 1996;
Kanematsu and Asada, 1990). Therefore, the cytosolic
Cu/Zn SODs have been evolving rapidly in recent times
within the past 100 million years (Smith and Doolittle,
1992). In addition, several isozymes of Cu/Zn SOD are
found in cytosol of most green plants, while only a single
or no Cu/Zn SOD is found in the chloroplast (Baum et
al., 1983; Kanematsu and Asada, 1989a,b, 1990; Sen
Gupta et al., 1993; Streller et al., 1994) and it has a
more constant evolution rate (Karpinski et al., 1992;
Oseki et al., 1989). The increase in evolution rate and
gene duplication of cytosolic Cu/Zn SOD may be to
improve the adaptation for some general environmental
change (Sakamoto et al., 1995; Smith and Doolittle,
1992).

CONCLUSION

A full-length cDNA encoding a putative Cu/Zn SOD
from the papaya fruit was amplified according to the
PCR technique. This clone comprises a complete open
reading frame coding for 152 amino acid residues. The
coding region was introduced into an expression vector,
pET-20b(+), and transformed into E. coli AD494(DE3)-
pLysS. The expression of the recombinant Cu/Zn SOD
cDNA was confirmed by enzyme activity staining on
native acrylamide gel.
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