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Abstract

Thioredoxin-related protein of 14 kDa, TRP14, has previously been identified only in humans. Here we report
the identification and expression of an amphioxus TRP14 gene, named AmphiTRP14, the first such data in a non-
mammalian organism. AmphiTRP14 consists of a 372-bp open reading frame coding for a 123-amino-acid protein
with a calculated molecular weight of 14 kDa. It shares 56% identity with human TRP14 and possesses a highly
conserved motif CPDC. Sequence comparison suggests the evolutionary appearance of the four-exon-three-intron
organization of TRP14 genes after the split of protostome/deuterostome, which is highly conserved since then.
AmphiTRP14 has been successfully expressed in Escherichia coli and purified. The recombinant protein exhibited
features characteristic of human TRP14, including a reductase activity towards insulin. Both in situ hybridization
histochemistry and immunohistochemistry revealed that AmphiTRP14 was expressed in a tissue-specific manner, with
the most abundant expression in the hepatic caecum, ovary and hind-gut. This suggests that AmphiTRP14 plays a funda-
mental but tissue-specific role, or alternatively reflects differences in the tissue susceptibility to oxidative damage.
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Introduction

Thioredoxin (Trx), identified first in Escherichia coli as
an electron donor for ribonucleotide reductase (Laurent
et al. 1964), is a 12-kDa redox protein which is present
in virtually every living species from prokaryotes to
eukaryotes, including humans (Powis & Montfort, 2001).
It functions as a protein-disulfide reductase (Arnér &
Holmgren, 2000; Carvalho et al. 2006) participating in
many physiological processes including the regulation
of transcription factor DNA-binding activity, antioxidant
defence, modulation of apoptosis, immune response
and morphogenesis (for reviews see Arnér & Holmgren,
2000; Das, 2004; Carvalho et al. 2006). Trx is also cor-
related with a number of pathophysiological conditions
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such as cancer, Alzheimer’s and Parkinson’s diseases
(Hirota et al. 2002; Powis et al. 2000; Arnér & Holm-
gren, 2006). The redox activity of Trx resides in a highly
conserved active site, Cys-Gly-Pro-Cys (CGPC), where
the two Cys residues undergo a reversible oxidation,
converting their dithiol group to a disulfide bond and
transferring the reducing equivalents to a disulfide
substrate (Powis & Montfort, 2001). The oxidized
inactive forms are reduced by the selenoprotein thiore-
doxin reductase (TrR), which uses the reducing power
of NADPH (Powis & Montfort, 2001).

Primary structures of many Trx are known. They vary
in length from 105 to 110 amino acids, exhibit 27-69%
sequence identity to that of E. coli (Eklund et al. 1991),
and share a common globular structure consisting of a
central core of B-sheets surrounded by o-helixes with
the active site situated in a protrusion of the protein
surface (Jeng et al. 1994; Martin, 1995). Proteins con-
taining the Trx-like active site have also been identified
in various species and classified as part of the Trx super-
family (Matsuo et al. 2002; Nakamura, 2005; Carvalho
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et al. 2006). Among them, thioredoxin-related protein
of 14 kDa, TRP14, a widely expressed cytosolic protein with
a modified active site sequence Cys-Pro-Asp-Cys (CPDC),
has been found to act as disulfide reductase like Trx1
(Jeong et al. 2004a), and to regulate TNF-a-induced
signalling pathways in a different manner from Trx1
(Jeong et al. 2004b). However, little information is
available regarding TRP14 in non-mammalian organ-
isms although some hypothetical proteins with a CXXC
motif have been documented in several species such
as cow (GenBank GenelD: 404159), mouse (GenBank
GenelD: 52700), rat (GenBank GenelD: 287474), sea
urchin (GenBank GenelD: 582604), fruit-fly (GenBank
GenelD: 43938) and nematode (GenBank GenelD:
175400). The purpose of this study was thus to identify
TRP14 ¢cDNA from amphioxus Branchiostoma belcheri,
a basal chordate bridging the gap between invertebrates
and vertebrates (Stokes & Holland, 1998; Holland et al.
2004) and to examine its expression and biochemical
properties.

Materials and methods
Cloning and sequence analysis of cDNA

The gut cDNA library of adult amphioxus was con-
structed with SMART cDNA Library Construction Kit
(CLONTECH, Palo Alto, CA, USA) according to the
method described by Liu et al. (2002). In a large-scale
sequencing of the gut ¢cDNA library with ABI PRISM
377XL DNA sequencer, more than 5000 clones were
analysed for coding probability with the DNATools
program (Rehm, 2001). Comparison against the Gen-
Bank protein database was performed using the BLAST
network server at the National Center for Biotechnology
Information (Altschul etal. 1997). Multiple protein
sequences were aligned using the MegAlign program
by using the CLUSTAL W method in DNASTAR software
package (Burland, 2000). The phylogenetic tree was
constructed by the neighbour-joining method within
the package PHYLIP 3.6¢ software package (Felsenstein,
1993) using 1000 bootstrap replicates.

Northern blotting

Total RNA was extracted with Trizol (Gibco) from the
adult amphioxus. An aliquot of 5 ug RNA was electro-
phoresed and blotted onto nylon membrane (Osmonics
Inc.). The blots were hybridized at high stringency with

556 Human TRP14 gene homologue from Branchiostoma belcheri, S. Jiang et al.

digoxigenin (Dig)-labelled amphioxus TRP14 riboprobes
of about 775 bp (1 ug mL™" in DIG Easy Hyb) for 16 h at
58 °C and washed twice in 2x SSC with 0.1% sodium
dodecylsulfate (SDS) at room temperature for 5 min
each and twice in 0.1x SSC with 0.1% SDS at 65 °C for
20 min each. They were incubated in the blocking solu-
tion (pH 7.5) containing 100 mm maleic acid, 150 mm
NaCl and 1% blocking reagent (Roche) for 2 h, and
then in the blocking solution with anti-Dig-alkaline
phosphatase (AP)-conjugated antibody (Roche) diluted
1:10 000 for 1 h at room temperature. After washing
with 100 mm maleic acid buffer (pH 7.5) containing
150 mm NacCl and 0.3% Tween-20 and with 100 mwm
Tris-HCl buffer (pH 9.5) containing 100 mm NaCl, the
hybridized bands were visualized by BM-Purple (Roche).

In situ hybridization histochemistry

Sexually mature B. belcheri was cut into 3-4 pieces and
fixed in freshly prepared 4% paraformaldehyde in
100 mm phosphate-buffered saline (PBS; pH 7.4) at 4 °C
for 8 h. The samples were dehydrated in an ethanol
gradient, embedded in paraffin and sectioned at 7 um.
The sections were mounted on poly-L-lysine-coated
slides, dried at 42 °C for 36 h, and de-paraffinized in
xylene for 20 min (two changes for 10 min each) fol-
lowed by immersion in absolute ethanol for 10 min
(two changes for 5 min each). They were re-hydrated,
and finally equilibrated in double-distilled water con-
taining 0.1% DEPC. In situ hybridization histochemistry
was carried out as described by Xue et al. (2006).

Expression and purification of recombinant protein

The complete coding region of the amphioxus TRP14
gene was amplified by polymerase chain reaction (PCR)
with the upstream primer 5-CGCGGATCCATGGTT-
GTCTCTGAAAAG-3’ (BamHI site underlined) and the
downstream primer 5-ATAAGAATGCGGCCGCTAG-
GGTTTCCTCCATACT-3’ (Notl site underlined). The reac-
tion was carried out under the following conditions:
initial denaturation at 94 °C for 5 min followed by 30
cycles of denaturation at 94 °C for 30 s, annealing for
30 s at 53 °C, and extension at 72 °C for 1 min. The PCR
product was digested with BamHI and Notl and sub-
cloned into the pET-28a expression vector (Novagen)
previously cut with the same restriction enzymes. The
identity of the insert was verified by sequencing, and
the plasmid was designated pET28a-AmphiTRP14.
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Cells of Escherichia coli BL21 were transformed with
the plasmid pET28a-AmphiTRP14, and cultured over-
night in LB broth containing kanamycin (30 ug mL™).
The culture was diluted 1: 100 with LB broth and
subjected to further incubation at 37 °C for 3 h. The
expression of AmphiTRP14 was induced by addition of
isopropyl B-p-thiogalactoside (IPTG) to the culture at a
final concentration of 1.0 mm. After incubation at 37 °C
for 4 h, bacterial cells were harvested by centrifuga-
tion, re-suspended in 50 mm PBS (pH 8.0) containing
0.3 m NaCl and 10 mm imidazole, and sonicated on ice.
Cell debris was removed by centrifugation at 15 000 g
for 10 min, and the supernatant was loaded onto a
Ni-NTA resin column (Novagen). The column was
washed with 50 mm PBS (pH 8.0) containing 20 mwm
imidazole and with 50 mm PBS (pH 8.0) containing
40 mm imidazole, respectively, and then eluted with
50 mm PBS (pH 8.0) containing 250 mm imidazole. The
purity of eluted samples was analysed by 12% SDS-
polyacrylamide gel electrophoresis (PAGE) as described
by Laemmli (1970), and stained with Coomassie Brilliant
Blue R-250.

Protein concentrations were determined by the
method of Bradford using bovine serum albumin as
a standard (Bradford, 1976).

Fluorescence spectroscopy analysis

The fluorescence spectrum of amphioxus TRP14 was meas-
ured with a SpectraMax M5 (Molecular Devices Corp.,
USA) by excitation at 280 nm (Holmgren, 1972). The emis-
sion spectrum was recorded from 300 to 400 nm and the
band-width of emission was 5 nm. All measurements were
made at 25 °Cin a final volume of 4 mL reaction mixture
containing 3.96 mL of 50 mm Tris-HCl (pH 7.4) with
1 mm EDTA and 40 uL of 100 um amphioxus TRP14.
Complete reduction of amphioxus TRP14 was achieved
by addition of 1 mm dithiothreitol (DTT) to the reaction
mixture. Control blanks were processed similarly
except that an equal volume of 50 mm PBS (pH 8.0)
with 250 mm imidazole replaced the amphioxus TRP14
solution. The fluorescence intensity of control blanks
was subtracted from the sample spectra (Windle et al.
2000).

Reductase activity assay

Reductase activity was assayed at 25 °C by monitoring
the precipitation of insulin B-chain that followed the

© 2007 The Authors

reduction of the disulfide bond (Holmgren, 1979).
Each reaction was performed at least three times.
The assay mixture contained 100 mm PBS (pH 7.0), 1 mm
EDTA (pH 8.0), 340 um insulin and either 5 or 10 um
recombinant amphioxus TRP14 protein in a final
volume of 1.5 mL. The reaction was initiated by addi-
tion of 100 mm DTT into the reaction mixture to a
final concentration of 0.5 mm DTT. Absorbance was
monitored at 650 nm every 30s. In all experiments,
the non-enzymatic reduction of insulin by DTT solution
in the absence of amphioxus TRP14 was recorded as
a control.

Preparation of polyclonal antibody

The purified recombinant amphioxus TRP14 protein was
used for raising antibody in two rabbits. Approxim-
ately 400 ug of the purified AmphiTRP14 was emul-
sified with Freund’s complete adjuvant and injected
subcutaneously at multiple sites of the rabbits. Two
booster injections of 100 ug antigen mixed with
Freund’s incomplete adjuvant were administered
subcutaneously at intervals of 2 weeks. Eight days
after the final booster, the blood was collected from the
rabbits by carotid puncture and serum was prepared.
The antisera were aliquoted and stored at -70 °C.
Antibody titre in the sera was determined by dot blot
assay.

Western blotting

Two amphioxus were homogenized in 1 mL of 50 mm
Tris-HCl (pH 7.2) with 50 mm NacCl on ice and centri-
fuged at 15 000 g for 20 min at 4 °C. The supernatant
was pooled and run on 12% SDS-PAGE. The cell lysates
of IPTG-induced E. coli BL21, control cell lysates and
purified protein were also run on the same gel. The gel
was washed for 15 min in 20 mm PBS (pH 7.4) containing
0.1% Tween-20, and proteins on the gel were blotted
on nitrocellulose membrane (Hybond, Amersham
Pharmacia). The membrane was incubated in 20 mm
PBS (pH 7.4) containing 3% defatted milk powder at
30 °C for 1.5 h, and then in the rabbit antisera diluted
1: 500 with the same buffer for 2 h at 30 °C. After washing
in 20 mm PBS (pH 7.4), the membrane was incubated
in the peroxidase-conjugated goat anti-rabbit anti-
body diluted 1 : 2000 at 30 °C for 2 h. Bands were
visualized using 4-dimethylaminobenzene (DAB) and
0.03% H,O0,.
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Immunohistochemistry

Amphioxus was cut into four pieces and fixed in freshly
prepared 4% paraformaldehyde (w/v) in 100 mm PBS
(pH 7.4) at 4 °C for 12 h. After dehydration, the
samples were embedded in paraffin and sectioned
at 7 um. The sections were mounted on slides and
dried at 42 °C for 36 h, and the immunohistochemical
assay was performed as described by Liang et al.
(2006).

Results and discussion
Sequence and phylogeny of amphioxus TRP14

The cDNA (GenBank accession number: EF065518)
obtained from the gut cDNA library of amphioxus
B. belcheri was 775 bp long and its longest open-reading
frame (ORF) coded for a protein of 123 amino acids
with a predicted molecular mass of approximately 14 kDa
and an isoelectric point of 4.8 (EditSeq 5.01, DNASTAR
Inc). The 5-untranslated region (UTR) is 57 bp long and
the 3-UTR is 346 bp long with two polyadenylation
signals (AATAAA) and a polyadenylation tail. The start
codon (ATG) was assigned on the basis that there was
no ATG in the 5-UTR 57 nt and the start codon was
flanked by a purine at positions of both -3 and +4,
matching the Kozak consensus sequence (Kozak, 1987).
The BLASTp searching at NCBI showed that the protein
encoded by the cDNA shared 56% (66/117) identity to
human TRP14, and had a Trx-like motif Cys-Pro-Asp-Cys
(CPDC). Moreover, prediction by the SWISS-MODEL Pro-
gram (http://swissmodel.expasy.org/workspace/) revealed
the presence of five B-sheets and five a-helixes (Fig. 1),
characteristic of human TRP14 (Woo et al. 2004). The
cDNA therefore encodes an amphioxus TRP14 gene
and is designated AmphiTRP14.

Using the deduced AmphiTRP14 as template, a
homology search in the GenBank database revealed
the presence of a number of putative TRP14 sequences
from a variety of organisms including animals, plants
and bacteria. The phylogenetic tree constructed by
the neighbour-joining method using the sequences of
TRP14 proteins, putative TRP14 proteins and represent-
ative Trx proteins showed that both amphioxus TRP14
and human TRP14 as well as putative TRP14 proteins
were clustered together, separate from Trx proteins
(Fig. 2). An alignment of TRP14 proteins and putative
TRP14 proteins demonstrated that they all had the
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same active site motif CPDC (Fig. 1). These imply that
TRP14 is a highly conserved ubiquitous protein with the
active site CPDC.

A search of the recently completed draft assembly
and automated annotation of the B. floridae genome
was also carried out. It revealed the presence of a
Florida amphioxus TRP14 cDNA and its genomic DNA
sequence (fgenesh2_pg.scaffold_364000050; scaffold_364;
http://shake.jgi-psf.org/cgi-bin/dispTranscript?db=Brafl1
&id=100641&useCoords=1). Sequence comparison
demonstrated that AmphiTRP14 shared 94% identity
to the deduced protein encoded by the Florida
amphioxus gene at the amino acid level. Analysis of
the genomic structure exhibited that the Florida
amphioxus TRP14 gene consisted of four exons and
three introns (Fig. 3). The four exons of 139, 82, 82 and
69 bp, respectively, were interspaced by the three
introns of 523, 246 and 570 bp, which all begin with
GT and end with an AG dinucleotide (Fig. 3), sequences
thought necessary for correct RNA splicing of various
other eukaryotic genes (Breathnach et al. 1978). It is
notable that TRP14 genes in deuterostomes such as
the human TRP14 gene and bovine, mouse, rat and
sea urchin putative TRP14 genes all encompassed
four exons and three introns, whereas TRP14 genes
in protostomes like fruit-fly and nematode putative
TRP14 genes comprised three exons and two introns.
Moreover, the first two exons in all the species men-
tioned above encode the respective homologue
protein domains, while exons 3 and 4 in deuterostomes
are combined in a single third exon in protostome
putative TRP14 genes (Fig. 3). This indicates the evolu-
tionary emergence of the four-exon-three-intron
organization of TRP14 genes after the split of proto-
stome/deuterostome, which is highly conserved since
then.

Biochemical properties of recombinant AmphiTRP14

An expression vector including the entire ORF of
AmphiTRP14 and a 5 additional tag of pET28a was
constructed and successfully transformed into E. coli,
and this resulted in the original N-terminal Met in the
recombinant protein being replaced by Met-Gly-Ser-
Ser-(His)s-Ser-Ser-Gly-Leu-Val-Pro-Arg-Gly-Ser-His-Met-
Ala-Ser-Met-Thr-Gly-Gly-GIn-GIn-Met-Gly-Arg-Gly-Ser-Met,
which increases the size of the recombinant protein by
an approximately additional 4 kDa. The recombinant
protein was purified by affinity chromatography on an

© 2007 The Authors
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Fig.

1 Alignment of the amino acid sequences of AmphiTRP14 with other TRP14 proteins including human TRP14 and putative

TRP14 proteins using the MegAlign program (DNASTAR) by the CLUSTAL W method. Shaded (with solid black) residues are the
amino acids that match the consensus. Gaps introduced into sequences to optimize alignment are represented by a dash. The

secondary structures of human TRP14 protein (PDB: 1WOU) a
are shown as arrows and a-helices are shown as cylinder. The

re marked at the peak of the corresponding sequences. B-strands
conserved active motif is marked by closed inverted triangles.

The sequences used are: Hs (Homo sapiens, BC006405), Bt (Bos taurus, AW917424), Rn (Rattus norvegicus, AW917424),

Mm (Mus musculus, NM_026559), Bb (Branchiostoma belcheri, EF065518), Sp (Strongylocentrotus purpuratus, XP_787642),

Gm (Glycine max, AW734061), Le (Lycopersicon esculentum, AW223476), At (Arabidopsis thaliana, BAB09186), Os (Oryza sativa,
BE040654), Bm (Bombyx mori, AU003992), Dm (Drosophila melanogaster, CAB58075), Sc (Saccharomyces cerevisiae,

NP_013468), Ce (Caenorhabditis elegans, AV193251), Cr (Chla
B64702).

Ni-NTA resin column, and the purified AmphiTRP14
with the His; tag produced a single band of ~18 kDa on
SDS-PAGE gel after Coomassie blue staining, coinciding
with its theoretical size (Fig. 4).

The human TRP14 has been shown to produce a 2.6-
fold increase in fluorescence intensity upon reduction
of the active site Cys residues. This is attributable to the
quenching effect of the active site disulfide bond on

© 2007 The Authors
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mydomonas reinhardtii, BE056551), Hp (Helicobacter pylori,

the fluorescence of adjacent tryptophan (W) residues.
AmphiTRP14, which contains W*, W”> and W%, also
yielded a 2.7-fold increase in tryptophan fluorencence
when reduced (Fig. 5), suggesting changes in the micro-
environment around the Trp (W) residues juxtaposing
the CXXC active site. The similar phenomenon has
also been observed in horse crab TRP16 (Wang et al.
2007).
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Fig. 3 Diagram of the genomic structures of TRP14 genes from
human, mouse, rat, bovine, amphioxus, sea urchin, fruit fly
and nematode. Solid boxes represent the region coding for
the structural sequences of the protein. Thin lines indicate the
sequences of introns. The number of nucleotides above the
thin lines represents the size of introns, and the number below
the solid boxes the size of exons. The genomic sequences
correspond to: human (Homo sapiens, GenBank GenelD:
84817), bovine (Bos taurus, GenBank GenelD: 404159), mouse
(Mus musculus, GenBank GenelD: 52700), rat (Rattus
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Fig. 2 Unrooted phylogenetic tree
constructed by the neighbour-joining
method using TRP14 proteins, putative
TRP14 proteins and representative Trx
proteins. Bootstrap value based on 1000
replicates is indicated at each branch
point. Sequences of TRP14 proteins are
included in Fig. 1. *-T’ stands for
thioredoxin protein. The sequences
used are: Hs-T (Homo sapiens,
NP_003320), Bt-T (Bos taurus, 097680),
Rn-T (Rattus norvegicus, P11232), Mm-T
(Mus musculus, P10639), Bb-T
(Branchiostoma belcheri, AAK72483),
Gg-T (Gallus gallus, P08629), XI-T
(Xenopus laevis, AAH72884), Sc-T
(Saccharomyces cerevisiae, 014463),
Ec-T (Escherichia coli, AAA24534), Ce-T
(Caenorhabditis elegans, Q09433).

The reductase activity of AmphiTRP14 was assayed by
its capacity to reduce the disulphide bonds of insulin,
which contains one intramolecular and two inter-
molecular disulfides. It was found that AmphiTRP14
exhibited a concentration-dependent disulfide reduct-
ase activity toward insulin (Fig. 6), which is comparable
with that of human TRP14. This indicates that like human
TRP14, AmphiTRP14 is not only a disulfide reductase
but functional as well.

Antibody specificity

Rabbit antiserum against the purified recombinant
AmphiTRP14 with a titre of 1:1000 was obtained.
Western blotting analysis exhibited that the rabbit
antiserum reacted with the supernatant of the cell
lysate of IPTG-induced E. coli BL21 with expression
vector, forming a band of approximately 18 kDa, but
it was not reactive to the supernatant of the lysate of
the same E. coli cells before induction by IPTG. The

norvegicus, GenBank GenelD: 287474), sea urchin
(Strongylocentrotus purpuratus, GenBank GenelD: 582604),
fruit fly (Drosophila melanogaster, GenBank GenelD: 43938),
nematode (Caenorhabditis elegans, GenBank GenelD: 175400).
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Fig. 4 SDS-PAGE of AmphiTRP14. Lane M, marker; Lane 1,
extracts from E. coli BL21 containing pET28a/AmphiTRP14
before induction; Lane 2, extracts from E. coli BL21 containing
pET28a/AmphiTRP14 after IPTG-induction; Lane 3,
recombinant AmphiTRP14 purified on Ni-NTA resin column.
The arrow indicates the location and size of recombinant
AmphiTRP14.
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Fig. 5 Fluorescence emission spectra of oxidized and reduced
AmphiTRP14. The assay was repeated three times and a
repesentative assay is shown. The excitation spectrum was
280 nm and the emission spectrum was recorded from 300 to
400 nm. The fluorescence intensity of control blanks was
subtracted from the sample spectra.

© 2007 The Authors

05 —=— 5 pm AmphiTRP14 —
’ —o— [0 pv AmphiTRP 14 Pl

08

0.7

03

A 650

04 r

0 o I 1 I I
0 310 15 2W 25 30 35 40 45 S0

Time {min})

Fig. 6 Reduction assay of AmphiTRP14. AmphiTRP14 at 5 um
and 10 um was assayed for its ability to reduce insulin B-chain
in the presence of DTT. Each assay was repeated at least three
times and one representative assay is shown. The absorbance
of control blanks has been subtracted.
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Fig. 7 Western blotting. Lane A, extracts from E. coli BL21
containing pET28a/AmphiTRP14 before induction; Lane B,
extracts from IPTG-induced E. coli BL21 containing pET28a/
AmphiTRP14; Lane C, recombinant AmphiTRP14 protein
purified on Ni-NTA resin column; Lane D, amphioxus tissue
homogenates. The arrows indicate the location and size of the
recombinant protein and the native protein in amphioxus,
respectively.

antiserum also reacted with the amphioxus homo-
genates, forming a single band of approximately 14 kDa
(Fig. 7), corresponding to the molecular mass predicted
by AmphiTRP14 cDNA. These show that the rabbit
antiserum prepared has a conspicuous antigen-specific
reactivity.
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Fig. 8 Northern blotting. A total of 5 ug RNA was analysed in
1.2% agarose formaldehyde-denaturing gel. The two main
bands are 28S and 18S RNA. The blot was hybridized with
Dig-labelled AmphiTRP14 RNA probe. The arrow indicates the
molecular size equivalent to ~775 bp.

Tissue-specific expression of AmphiTRP14

Northern blotting was conducted to assess the pres-
ence and size of AmphiTRP14 transcript. As shown in
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Fig. 8, an approximately 770-bp band of AmphiTRP14
transcript was detected. In situ hybridization histo-
chemistry revealed that AmphiTRP14 transcript was
abundant in the hepatic caecum and ovary, and at a
lower level present in the hind-gut, endostyle, epipha-
ryngeal groove, gill and testis, while it was absent in
the neural tube, notochord and muscle (Fig.9). It is
clear that the TRP14 gene is expressed in amphioxus in
a tissue-specific manner. This was further corroborated
by immunohistochemical staining using the rabbit
antiserum against the purified recombinant AmphiTRP14,
which showed that AmphiTRP14 was predominantly
localized in the hepatic caecum, ovary and hind-gut,
and weakly in the testis and gill (Fig. 10). These are
in contrast to the widespread expression pattern of
human TRP14, where the human TRP14 gene was
detected in all tissues examined (Jeong et al. 2004a),
and suggests that AmphiTRP14 may play a funda-
mental but tissue-specific role in food digestion for

example, or alternatively reflect differences in the
tissue susceptibility to oxidative damage (Doi et al.
2004).

Fig. 9 Localization of AmphiTRP14
transcripts in different tissues of adult
amphioxus. A is the low magnification
view of tissues of female amphioxus.
AmphiTRP14 transcripts were observed
in the epipharyngeal groove, endostyle,
hepatic caecum, gill and the ovary. B, C,
D and E are enlargements of the boxes
in A. F shows the positive signals in gut
and testis. G is the control of a female
amphioxus. Arrows in the figure
indicate the positive signals. es,
endostyle; eg, epipharyngeal groove;
g, gill; hc, hepatic caecum; hg, hind-gut;
m, muscle; nc, notochord; nt, neural
tube; o, ovary; t, testis. Bars represent
100 um in B-F and 200 um in A and G.
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Fig. 10 Localization of AmphiTRP14 by immnohistochemistry.
(A,C) Micrographs show the strong presence of AmphiTRP14
in the hepatic caecum, hind-gut and ovary in amphioxus.
Weak signals are also detected in the gill and testis. B and D
are the control sections. hc, hepatic caecum; hg, hind-gut;

g, gill; o, ovary; t, testis. Bars, 100 um.
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