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A full-length complementary DNA (cDNA) clone encoding a catalase was amplified by the rapid
amplication of cDNA ends-polymerase chain reaction (RACE-PCR) technique from zebrafish (Danio
rerio) mRNA. Nucleotide sequence analysis of this cDNA clone revealed that it comprised a complete
open reading frame coding for 526 amino acid residues and that it had a molecular mass of 59 654
Da. The deduced amino acid sequence showed high similarity with the sequences of catalase from
swine (86.9%), mouse (85.8%), rat (85%), human (83.7%), fruit fly (75.6%), nematode (71.1%), and
yeast (58.6%). The amino acid residues for secondary structures are apparently conserved as they
are present in other mammal species. Furthermore, the coding region of zebrafish catalase was
introduced into an expression vector, pET-20b(+), and transformed into Escherichia coli expression
host BL21(DE3)pLysS. A 60-kDa active catalase protein was expressed and detected by Coomassie
blue staining as well as activity staining on polyacrylamide gel followed electrophoresis.

Keywords: Zebrafish; Danio rerio; molecular cloning; cDNA; catalase; expression; Escherichia coli;
RACE-PCR; pET-20b(+)

INTRODUCTION

Catalase (H2O2:H2O2 oxidoreductase, E.C. 1.11.6) is
one of the important antioxidant enzymes that catalyze
the decomposition of hydrogen peroxide to oxygen and
water. It is found in all aerobic organisms, and it
protects cells against the toxic effects of hydrogen
peroxide. There are 74 catalase sequences which have
been reported, including 29 bacterial, 8 fungal, 30 plant,
but only 7 animal sequences (Klotz et al., 1997). The
reported animal catalase sequences include those of the
nematode (Henkle-Duehrsen, 1994, unpublished, acces-
sion number X82175), fruit fry (Orr et al., 1990), bovine
(Schroeder et al., 1982), rat (Furuta et al., 1986), mouse
(Shaffer et al., 1990), swine (Lin et al., 1997), and
human (Quan et al., 1986). Most mammalian catalase
is located within the peroxisome and forms a homotet-
ramer structure; each subunit contains a single fer-
riprotoporphorin IX group, and the molecular mass is
about 60 kDa (Deisseroth and Dounce, 1970). There is
no report on the cloning and characterization of cDNA
for fish catalase.

In fish, environmental pollution may enhance oxida-
tive stress and thus disturb the natural antioxidant
enzyme system (Mather-Mihaich and Diguilio, 1986;
Radi and Marcovics, 1988; Nicholls et al., 1989; St.
Dimitrova et al., 1994). Several comparative studies
have demonstrated the basal antioxidant enzyme activi-

ties in various fish species (Aksnes and Njaa, 1981;
Wdzieczak et al., 1982; Witas et al., 1984). Recently,
antioxidant enzymes including catalase were demon-
strated to be useful biomarkers of environmental pol-
lutants which cause oxidative stress in fish (Pedrajas
et al., 1995; Roche and Boge, 1996).

The maximum life span of a fly can be extended by
increasing both catalase and superoxide dismutase
(SOD) activities using a transgenic technique (Orr and
Sohal, 1994). These results confirm the free radical
theory (Harman, 1956) that completely removed reac-
tive oxygen species (ROS) can reduce damage and
prolong the life span in the fly. Zebrafish is a model fish
for testing if the same theory is applicable to teleosts,
primitive vertebrates. The first step is to clone and
characterize the cDNAs of both SOD and catalase from
zebrafish.

Previously, we have cloned a Cu/Zn-SOD cDNA from
zebrafish (Ken et al., 1998). Here we report the cloning
of the full coding region of catalase cDNA with its 3′-
untranslated region. In addition, the coding region of
catalase cDNA from zebrafish was introduced into an
expression vector, pET-20b(+), and transformed into
Escherichia coli BL21(DE3)pLysS. An active recombi-
nant catalase was detected.

MATERIALS AND METHODS

Zebrafish (Danio rerio) were raised in freshwater for 2 weeks
before use in cloning experiments.

Preparation of mRNA and cDNA Synthesis. Total
mRNA and poly(A)+ RNA were extracted as described in our
previous work (Ken et al., 1998). Double-strand blunted cDNA
was synthesized using a kit (cDNA synthesis module RNP
1256) from Amersham (Little Chalfont, Buckinghamshire,
U.K.).

Subcloning and DNA Sequence Analysis. One micro-
gram of blunted cDNA was ligated with 30 pmol of Marathon
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cDNA adaptor (Clontech, Palo Alto, CA) at 4 °C for 16 h. When
compared to the rat (Furuta et al., 1986), mouse (Shaffer et
al., 1990), and human (Quan et al., 1986) catalase sequences
with the Genetics Computer Group (GCG) program (Wisconsin
Package Version 10.0, Madison, WI), two conserved sequences
(81-AFGYFEVT-88, 303-WPHGDYPL-310) were selected for
synthesis of the degenerate primers, CA-1 and CA-2. Using
0.05 µg of the ligated cDNA as a template, 2.5 units of
AmpliTaq Gold DNA polymerase (Perkin-Elmer Applied Bio-
systems, Norwalk, CT) and 10 pmol of each of the two
degenerate primers were added. One 0.7-kb cDNA was ampli-
fied by the polymerase chain reaction (PCR) technique (25
cycles of 94 °C for 1 min, 45 °C for 1 min, and 72 °C for 1
min). The 0.7-kb cDNA was subcloned into the pGEM-T
cloning vector (Promega, Madison, WI) using E. coli JM109
as the host. The nucleotide sequence was determined in both
directions by using an ABI PRISM 377-96 DNA autosequencer
(ABI PRISM bigdye terminator cycle sequencing ready reac-
tion kit, Perkin-Elmer Applied Biosystems). According to the
0.7-kb cDNA sequence, we synthesized a CA-7 primer (5′ GGA
ATC CAT TTG ATT TGA CCA AGG 3′) for 3′-end extension
and a CA-8 primer (5′ CCT GGA TGT AGA AGG TCC AGG
ATG G 3′) for 5′-end extension. Using 0.05 µg of the ligated
cDNA as a template, 10 pmol of Clontech adaptor primer 1
(AP1) and 10 pmol of CA-7 primer were added to perform PCR
(25 cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 1
min). Again using 0.05 µg of the ligated cDNA as a template,
10 pmol of AP1 primer and 10 pmol of CA-8 primer were added
to perform PCR (25 cycles of 94 °C for 1 min, 50 °C for 1 min,
and 72 °C for 1 min). One 1.3-kb cDNA (3′ RACE-PCR
product) and one 0.7-kb cDNA (5′ RACE-PCR product) were
amplified. Both 1.3-kb and 0.7-kb PCR fragments were sub-
cloned into the pCR2.1-TOPO TA cloning vector (Invitrogen,
Carlsbad, CA). Sequence analysis revealed that the 1.3-kb 3′
RACE-PCR product contained a catalase C-terminal peptide
sequence and its 3′ untranslated region. The 0.7-kb 5′ RACE-
PCR product contained a partial catalase N-terminal peptide
sequence but lacked the translation initiation codon; we
therefore synthesized a CA-10 primer (5′ CCG CTC TCG GTC
AAA ATG GGC C 3′) for 5′-end cloning. Using 0.05 µg of the
ligated cDNA as a template, 10 pmol of AP1 primer and 10
pmol of CA-10 primer were added to perform PCR (25 cycles
of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s). One 0.3-
kb PCR product contained the complete catalase N-terminal
sequence, and its 5′ untranslated region was amplified. Using
these 5′ and 3′ RACE-PCR products as templates, one 2.3-kb
fused full-length cDNA of catalase was created by the RACE-
PCR technique (EMBL accession number AJ007505). All
sequences of primers used are shown in Table 1.

Recombinant DNA Preparation and Transformation.
According to the 2.3-kb catalase cDNA sequence, a 5′ upstream
primer (5′ CCG GAA TTC GAT GGC AGA CGA CAG AG 3′)
and a 3′ downstream primer (5′ CCG CTC GAG CAT CTT AGA
AGC TGC AGC CAC AG 3′) were synthesized. Using 0.05 µg
of zebrafish-blunted cDNA as a template, 10 pmol each of the
5′ upstream and 3′ downstream primers was added; a 1.6-kb

fragment containing the full coding region of catalase was
amplified by PCR, ligated with pCR 2.1, and then transformed
into the E. coli TOPO 10 host. A positive clone was selected
by hybridization with 32P-labeled catalase cDNA as a probe,
and plasmid DNA was prepared. A suitable amount of plasmid
DNA was digested with EcoRI and XhoI and then run on 0.8%
agarose gel. A 1.6-kb insert DNA containing the EcoRI and
XhoI sites was recovered and ligated with the pET-20b(+)
expression vector that was pretreated with EcoRI and XhoI.
Then the ligated DNA was transformed into the E. coli
expression host, BL21(DE3)pLysS (Novagen, Madison, WI). A
transformed clone was selected by hybridization with 32P-
labeled catalase cDNA as a probe.

Culture and Enzyme Extraction. The transformed E. coli
cells were grown at 37 °C in 3.0 mL of Luria-Bertani medium
containing 50 µg/mL ampicillin until A600 reached 0.9. Isoprop-
yl â-D-thiogalactopyranoside (IPTG) was added to a concentra-
tion of 1 mM. The culture was incubated at 37 °C for 4 h by
shaking at 120 rpm, and the bacterial cells were then
harvested by centrifugation at 12000g for 5 min. The cells were
suspended in 0.1 mL of 50 mM phosphate buffer (pH 7.0)
containing 0.1% glycerol and 0.01 g of glass beads and then
vortexed for 5 min and centrifuged at 9000g for 5 min. The
enzyme extract contained active catalase.

Enzyme Activity Assay by Spectrophotometer and
SDS-PAGE Analysis. Catalase activity was measured by the
decrease in H2O2 concentration at room temperature. The
decomposition of H2O2 was recorded with absorbance at 240
nm at time intervals of 3 min in a cuvette containing 50 mM
phosphate buffer (pH 7.0) and 10 mM H2O2. The H2O2
concentration was determined using E240 ) 40 M-1 cm-1 (Aebi,
1984), where one unit of enzyme activity was defined as the
amount of enzyme decomposed by 1 µmol of H2O2 per minute.
Catalase activity staining assay was performed as described
by Wayne and Diaz (1986).

A 15-µL aliquot containing 7.8 µg of protein of the extracted
enzyme with the sample buffer was heated for 5 min and then
subjected to electrophoresis on a 10% polyacrylamide gel with
SDS (Laemmli, 1970).

Protein Concentration Measurement. Protein concen-
tration was determined by a kit (Bio-Rad Protein Assay) from
BIO-RAD (Hercules, CA).

RESULTS AND DISCUSSION

The complete nucleotide sequence of zebrafish cata-
lase cDNA is shown in Figure 1. The deduced amino
acid sequence of catalase comprises a complete open
reading frame coding for 526 amino acid residues from
the first ATG codon to the TGA stop codon. The 5′
untranslated region consists of 98 nucleotides. There is
a TGA stop codon (-6 to -4 bp) located before the first
ATG start codon (+1 to +3) that indicates the start site
for amino acid synthesis. The 3′ untranslated region
contains 592 nucleotides. A consensus polyadenylylation

Table 1. Primer Sequences Used for Cloning and Sequencing the Catalase Gene of Zebrafish (D. rerio)a

CA-1 5′-GC(ATC)TTCGG(ATC)TACTTCGAGGT(GTC)AC-3′
CA-2 5′-AG(ATG)GGGTAGTC(TC)TTGTG(ATG)GGCCA-3′
CA-5 5′-TGTACTGCAAGTTCCACTACAAGAC-3′
CA-6 5′-CCTGGATGTAGAAGGTCCAGGATGG-3′
CA-7 5′-GGAATCCATTTGATTTGACCAAGG-3′
CA-8 5′-CGGTGTCGTCTTTCCAACATGCTC-3′
CA-9 5′-CTACCCCAACAGCTTCAGTGCTCC-3′
CA-10 5′-CCGCTCTCGGTCAAAATGGGCC-3′
5′ up-stream primer 5′-CCGGAATTCGATGGCAGACGACAGAG-3′
3′ down-stream primer 5′-CCGCTCGAGCATCTTAGAAGCTGCAGCCACAG-3′
AP-1 5′-CCATCCTAATACGACTCACTATAGGGC-3′
M13 forward primerb 5′-GTAAAACGACGGCCAG-3′
M13 reverse primerb 5′-CAGGAAACAGCTATGAC-3′
T7 promoter primerb 5′-TTAATACGACTCACTATAGGG-3′
T7 terminator primerb 5′-CAATAACGAGTCGCCACCG-3′

a CA-1 and CA-2 are degenerate primers. AP-1 refers to the commercial Marathon adaptor 1 primer (Clontech, Palo Alto, CA). bPrimers
used for sequencing only.
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signal, AATAAA (2113-2118 bp), is located 11 nucle-
otides upstream of the poly(A) tail. Long repeats of the
AC unit are found between nucleotides 1603 and 1642,
and this region was identified as the binding site for
redox-sensitive catalase RNA-binding protein (CAT-
BP) of rat lung extract (Clerch, 1995).

Figure 2 shows the multiple sequence alignment
involving six different species in GenBank. The amino
acid side chains that interact with the heme molecule
are conserved among the catalases from the species
shown in Figure 2 (Murthy et al., 1981). The secondary
structures of the R-helixes (R) and â-sheets (â) with high
degrees of conservation across species are underlined
on the basis of mouse catalase cDNA (Reimer et al.,
1994), except the ninth â region (â9, between amino
acids 414 and 420).The motif analysis was performed

as described by Bairoch et al. (1997). The catalase
proximal heme-ligand signature (354-362) and active
site signature (64-80) are highly conserved. There is a
potential N-glycosylation site NVTQ (439-442) just the
same as in mouse catalase. The predicted peroxisome
targeting signal, SKM (524-526), was different when
compared with the targeting signal, ANL (525-527), of

Figure 1. Complete nucleotide sequence of zebrafish catalase
cDNA and the deduced amino acid sequence. Numbers to the
left refer to the catalase cDNA nucleotide sequence and its
deduced amino acid residues. A stop codon before the first
methionine is shown by an open box. The consensus polyade-
nylation signal and polyadenylation sequence are underlined.
The Stop denotes the stop signal.

Figure 2. Optimal alignment of amino acid sequences of
catalase among six species in GenBank: zebrafish, this study
(EMBL no. AJ007505); mouse (X52108); rat (M11670); human
(X04076); fruit fly (X52286); and C. elegans (X82175). Numbers
refer to amino acid residues of zebrafish. A dot refers to the
identities of zebrafish. A dash denotes a deletion. Residues
coordinating for secondary structure including R-helixes (R)
and â-sheets (â) are underlined on the basis of mouse catalase
cDNA (Reimer et al., 1994). The amino acids with direct
interaction with the heme molecule are shown by open boxes.
A potential N-glycosylation site, NVTQ, is shown by a gray-
shaded box. A unique cAMP- and cGMP-dependent protein
kinase phosphorylation site, KKNT, is shown by a wavy line.
The predicted peroxisome targeting signal, SKM, is shown by
double underlining.
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mouse catalase. The unique cAMP- and cGMP-depend-
ent protein kinase phosphorylation site, KKNT (505-
508), is shown.

Table 1 lists the primer sequences that were used for
cloning and sequencing of the catalase gene. Table 2
shows higher similarity with the amino acid sequence
of catalase from mammals such as swine (86.9%), mouse
(85.8%), rat (85%), and human (83.7%) than with
catalase sequences from other organisms such as fruit
fly (75.6%), nematode (71.1%), and yeast (58.6%). These
comparisons were done by the PILEUP program devel-
oped by the University of Wisconsin Genetics Computer
Group.

Figure 3 presents a predominant protein band at 60
kDa corresponding to the expected molecular mass for
the catalase subunit detected (lane 3, denoted by an
arrow) in SDS-PAGE. This confirms the expression of
zebrafish recombinant catalase cDNA in E. coli BL21-
(DE3)pLysS. Quantitating the protein bands by scan-
ning with a densitometer, the amount of zebrafish
catalase was estimated at about 5% of total protein.
Enzyme activity assay of the crude extract by the
spectrophotometric method showed that the expressed
recombinant protein was active catalase with an esti-
mated specific activity of about 3160 units/mg.

As shown in Figure 4, an extra activity band is
evident (lane 2, denoted by an arrow); this also confirms

that recombinant zebrafish catalase was expressed in
E. coli.

Xenobiotics which cause oxidative stress and repress
the antioxidant enzyme system have been demonstrated
in various fish species (Pedrajas et al., 1995; Roche and
Boge, 1996). No report has mentioned to use the
recombinant DNA technique for increasing a fish’s
resistance to oxidative stress. Previously, we expressed
active zebrafish SOD in E. coli (Ken et al., 1998), and
here we also express active zebrafish catalase in E. coli.
Furthermore, we can easily purify large amounts of
active enzyme by using a His-taq affinity column for
further enzymatic or application studies.

CONCLUSIONS

Full-length cDNA encoding a catalase from zebrafish
was cloned by the RACE-PCR technique. This clone
comprises a complete open reading frame coding for 526
amino acid residues. The coding region was introduced
into an expression vector, pET-20b(+), and transformed
into E. coli BL21(DE3)pLysS. The expression of the
active recombinant catalase cDNA clone was shown by
SDS-PAGE and activity assay.
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