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Abstract Cysteine proteases (CPs) were associated with the
pathogenicity and excystment of Clonorchis sinensis. Most of
them were potential antigens for the immunodiagnosis of
clonorchiasis. More researches on CPs will let us know more
about their functions, and further employ them for the

development of more efficient diagnostic reagent and preven-
tion strategies. In the current study, a full-length sequence
encoding cathepsin L from C. sinensis (CsCL41.5) was iden-
tified from our adult cDNA library. Bioinformatic analysis
showed that CsCL41.5 included typical motifs of cathepsin L
(ERFNIN and GNFD motifs) and conserved amino acid posi-
tions which constituted the active center of the enzyme. The
identity of its amino acid sequence with the cathepsin L of
Schistosoma japonicum was 49.6 %. Recombinant CsCL41.5
(rCsCL41.5) was highly expressed in the form of inclusion
body in Escherichia coli, and soluble rCsCL41.5 was obtained
after purification and renaturation. Western blotting analysis
indicated that CsCL41.5 is an excretory–secretory antigen of
C. sinensis adult. Immunolocalization demonstrated that
CsCL41.5 is distributed in the intestine and eggs in the uterus
of adult worm, tegument of metacercaria, oral suck, and tail of
cercaria. ELISA assays showed that IgG4 was the predominant
IgG isotype responding to rCsCL41.5 in sera from clonorch-
iasis patients. The sensitivity and specificity of specific IgG4
detection with rCsCL41.5 was 62.5 % (15/24) and 81.7% (49/
60), respectively. It was concluded that there were differences
in biological function, efficiency of serodiagnosis, and charac-
terization of immune reactivity between CsCL41.5 and other
CPs of C. sinensis, combining with previous studies.

Introduction

Clonorchiasis, caused by Clonorchis sinensis, is a food-
borne parasitic zoonosis with the highest prevalence in
southern and northeastern China. It is estimated that 35
million people have been infected with C. sinensis world-
wide, among which more than 12 million are in mainland
China (Lun et al. 2005). Clonorchiasis can lead to severe

Yanwen Li and Yan Huang contributed equally to this work

Y. Li :X. Liu
Department of Parasitology, Guangxi Medical University,
Nanning 530021, China

Y. Li
e-mail: tomatoli999@yahoo.com.cn

X. Liu
e-mail: 8rockl39@163.com

Y. Huang :X. Hu : C. Ma : J. Zhao : Z. Wu : J. Xu :X. Yu
Department of Parasitology, Zhongshan School of Medicine,
Sun Yat-Sen University,
Guangzhou 510080, China

Y. Huang
e-mail: biohy@yahoo.com.cn

X. Hu
e-mail: huxuchu@mail.sysu.edu.cn

C. Ma
e-mail: changlingm@126.com

J. Zhao
e-mail: 271917587@qq.com

Z. Wu
e-mail: wuzhd@mail.sysu.edu.cn

J. Xu
e-mail: xujin@mail.sysu.edu.cn

Y. Huang :X. Hu : C. Ma : J. Zhao : Z. Wu : J. Xu :X. Yu (*)
Key Laboratory of Tropical Disease Control, Ministry of
Education, Sun Yat-Sen University,
Guangzhou 510080, China
e-mail: yuhxteam@163.com

Parasitol Res (2012) 111:673–680
DOI 10.1007/s00436-012-2885-y



hepatobiliary complications, such as obstructive jaundice,
epigastric pain, biliary stones, and even cholangiocarcinoma
(Choi et al. 2004; Lim et al. 2006). Clonorchiasis has been
an important public health problem in China.

Cysteine proteases (CPs) of parasites play key roles in
nutrient uptake, excystment/encystment, host tissue inva-
sion, larval migration, and immune evasion. They have been
used as antigens for serodiagnosis and candidates for vac-
cine development of parasitosis. Cathepsin L, a member of
CPs, has been identified in many parasites and is secreted in
all life stages of parasites. It is closely related to the inter-
action between the parasite and the host (Sajid and
McKerrow 2002). Cathepsin L of Schistosoma mansoni
(Brady et al. 1999) and Fasciola hepatica (Dowd et al.
1995) can hydrolyze hemoglobin which facilitated the ac-
quisition and metabolism of nutrients. Cathepsin L is in-
volved in the excystment of Paragonimus westermani
(Chung et al. 1995) and migration of F. hepatica (Stack et
al. 2008). Cathepsin L of F. hepatica is of solid antigenicity
(Rokni et al. 2002) and is a potential vaccine candidate for
fasciolosis (Dalton et al. 1996; Mulcahy and Dalton 2001).
Previous studies about CPs of C. sinensis show that they are
associated with pathogenicity and excystment (Park et al.
1995; Li et al. 2004). They are also potential antigens for the
immunodiagnosis of clonorchiasis (Nagano et al. 2004). A
DNA vaccine encoding C. sinensis cysteine proteinase can
induce a significant level of protection in Sprague–Dawley
(SD) rats challenged with metacercariae (Lee et al. 2006). In
general, a large number of researches on CPs ofC. sinensiswill
make us know more about their functions, and further utilize
them for development of more efficient diagnostic reagents and
prevention strategies, as well as provide the reference for
researches on CPs from other parasites. In the present study,
we identified a 41.5-kDa cathepsin L (CsCL41.5) from a
cDNA library ofC. sinensis. We obtained purified recombinant
CsCL41.5 (rCsCL41.5) and analyzed its immunoreactivity.
Additionally, the stage and tissue-specific expression of
CsCL41.5 were characterized too.

Materials and methods

Sequence analysis of CsCL41.5

The insert sequence of plasmid No. 14 g11 encoding a
homologue of cathepsin L was screened from cDNA library
plasmids of C. sinensis constructed previously (Yang et al.
2005) using blastx (http://blast.ncbi.nlm.nih.gov/). Its secre-
tory signal peptide and physicochemical properties were
analyzed with softwares provided by ExPASy (http://www.
expasy.org/). The alignment of its amino acid sequences
with the sequences of cathepsin L from other species was
performed using Vector NTI suite 8.0 software.

Acquirement of purified recombinant CsCL41.5

The open reading frame (ORF) without the signal sequence
of CsCL41.5 was amplified by PCR using specific primers
5′-GAGGGATCCTTTACAGTTCAATGGAGG-3′ and 5′-
ATACTCGAGCTAAATGAGAGGGTAGGAAGC-3′ with
the recognition sequence of restriction enzyme BamH I or
Xhol I. PCR was carried out for 30 cycles of 94°C for 30 s,
57°C for 45 s, and 72°C for 45 s, followed by 72°C for
10 min. The purified PCR product was digested with BamH
I and Xhol I and ligated into pET-28a vector (Novagen)
digested with the same enzymes. The recombinant plasmid
was confirmed by DNA sequencing and transformed into
Escherichia coli BL21 (DE3) (Promega). Expression of
rCsCL41.5 was induced by isopropyl-β-D-thiogalactopyra-
noside (IPTG) at a final concentration of 1 mM at 28°C for
4 h. The engineering bacteria were collected by centrifugation
at 4°C and disrupted in 20 mMTris-HCl buffer (pH 8.0) using
ultrasonic cell disruptor. After centrifugation, the precipitate
of inclusion bodies containing rCsCL41.5 was washed with
1 mM EDTA, 2 mM urea, and 0.5 % Triton X-100 in 50 mM
Tris-HCl buffer (pH 8.0). The precipitate was completely
solubilized with 8 M urea in 20 mM Tris-HCl buffer (pH
8.0), followed by purification with His Bind Purification Kit
(Novagen). Refolding was carried out by stepwise diluting
urea in dialysate buffer (20 mM Tris-HCl, 5 mM EDTA
buffer, pH 8.0) at 4°C. Purified rCsCL41.5 was analyzed by
12 % sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) and stained with Coomassie brilliant blue
G-250. Final concentration of rCsCL41.5 was determined
using the Bradford assay.

Acquirement of rat anti-rCsCL41.5 serum

SD male rat (180 g) received intracutaneous injections with
150 μg rCsCL41.5 in phosphate-buffered saline (PBS) (pH
7.4) mixture with equal volume of complete Freund's adju-
vant, followed by two booster injections of 75 μg rCsCL41.5
mixture with equal volume of incomplete Freund's adjuvant at
2-week intervals. Two weeks after the third immunization,
blood was collected from the orbital sinus after the rat was
anesthetized with ether, and the isolated serum was pooled.

Transcription analysis of CsCL41.5 at life stages
of C. sinensis

Transcripts of CsCL41.5 in metacercariae and cercariae stages
were determined by reverse transcriptase-PCR (RT-PCR).
Pseudorasbora parva and Bithymia fuchsianuswere naturally
infected with C. sinensis in an artificial environment. The
fishes were digested by artificial gastric juice (0.5 % pepsin
in 1 % HCl) at 37°C over night. The digestive juice was
filtered with 80 mesh to remove debris, and metacercariae of
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C. sinensis were isolated under a stereomicroscope and
washed three times in PBS (pH 7.4). The cercariae released
from B. fuchsianus were collected under a stereomicroscope
and washed in PBS. Total RNAwas extracted from the meta-
cercariae or cercariae using TRIzol (Invitrogen) according to
manufacturer's instructions and treated with DNase (Promega),
respectively. RT-PCR was done using CsCL41.5-specific pri-
mers (as described previously), and β-actin (GenBank acces-
sion no. EU109284, 327 bp) was used as the positive control
which was amplified with primers (sense, 5′-ATG AAG ATC
CTG ACT GAA CGT GG-3′; antisense, 5′-CAC CGT GTT
CGC ATA CAA ATC CTT AC-3′). RT-PCR was performed
according to manufacturer's instructions (TaKaRa), and the
products were analyzed on 1.2 % agarose gel.

Immunolocalization of CsCL41.5 in adult worm,
metacercaria, and cercaria

Fresh metacercariae or adult worms were successively fixed
with 4 % paraformaldehyde, embedded with paraffin, and then
sliced into sections with 4–5 μm. Living cercariae were
washed with PBS (pH 7.4), immersed in PBS with 0.3 %
Triton X-100 at room temperature (RT) for 1 h, and then fixed
on glass slides with cold acetone. The slides were blocked with
normal goat serum containing 1 % BSA at RT for 2 h and then
incubated with rats' anti-rCsCL41.5 sera, or sera from rats
immunized with PBS (negative control) at RT for 2 h. The
sera were diluted with 0.1 % BSA in PBS-0.05 % Tween 20
(PBS-T) to 1:400 for cercaria, 1:800 for metacercaria, and
1:1,600 for adult worm, respectively. After washing with
PBS-0.05 % Tween 20 (pH 7.4), the slides were incubated
with fluorescent isothiocyanate-conjugated goat anti-rat IgG
(Invitrogen) at a dilution of 1:400 for 1 h at RT in the dark and
subsequently observed under fluorescent microscope (ZEISS).

Western blotting analysis

The excretory–secretory products (ESPs) of C. sinensis
adult were collected and stored at −80°C (Li et al. 2009).
ESPs (20 μg) or rCsCL41.5 (5 μg) were subjected to SDS-
PAGE and electrotransferred onto polyvinylidene difluoride
(PVDF) membrane (Qbiogene) at 100 V for 1 h. The PVDF
membranes were blocked with 1 % bovine serum albumin
(BSA) in PBS-T overnight at 4°C, washed five times with
PBS-T, and then incubated with different sera (sera from naive
rats and from C. sinensis-infected rats at a dilution in PBS-T
containing 0.1 % BSA of 1:200, antisera against rCsCL41.5 at
a dilution of 1:20,000) at RT for 2 h. After washing, the
membranes were incubated with peroxidase horseradish
(HRP)-conjugated rabbit anti-rat IgG (Boster; dilution of
1:2,000) at RT for 1 h. The membranes were developed color
with diaminobenzidine (DAB) substrate solution (Boster) af-
ter washing again.

To detect cross reaction of rCsCL41.5 with sera from
patients infected with helminths, rCsCL41.5 (5 μg) was sub-
jected to SDS-PAGE and electrotransferred onto PVDF mem-
brane at 100 V for 1 h. In the same way, the membrane was
incubated successively with different sera (sera from healthy
people or patients infected with C. sinensis, Schistosoma
japonicum, P. westermani, hookworm, or Ascaris lumbri-
coides at a dilution in PBS-T containing 0.1 % BSA of
1:200) and with HRP-conjugated goat anti-human IgG
(Boster; dilution: 1:2,000). At last, the result was observed
using the method mentioned above.

ELISA

Sera from healthy people (n024) and patients infected with
different parasites including C. sinensis (n024), S. japoni-
cum (n012), P. westermani (n012), hookworm (n09), and
A. lumbricoides (n03) were collected. The patients were
egg-positive proved by a microscopic examination of stool
samples. All sera were stored at −20°C. The wells of ELISA
plate (Corning Co.) were coated with 1 μg of rCsCL41.5 in
0.05 M bicarbonate buffer (pH 9.6, 100 μl/well) overnight at
4°C. After washing with PBS-T, the microplates were blocked
with 200 μl of PBS containing 1 % BSA for 2 h at 37°C.
Following another washing procedure, the sera from healthy
people or patients infected with different parasites (dilution in
PBS-T containing 0.1 % BSA of 1:200 for IgG detection or
1:5 for IgG1/IgG2a/IgG4 detection) were added to the wells
(100 μl/well). The plates were incubated for 2 h at 37°C. After
washing, 100 μl of HRP-conjugated anti-human IgG (Boster;
dilution of 1:25,000) or HRP-conjugated anti-human IgG1/
IgG2a/IgG4 (Southern Biotech; dilution of 1:2,000) was
added to the wells and incubated for 1 h at 37°C. The color
was developed with TMB (BD Biosciences) for 10 min, and
the reaction was stopped with 2 M H2SO4 (50 μl/well). The
absorbance was measured at a wavelength of 450 nm on
ELISA reader (Labsystems Dragon, Multiskan MK3). All
assays were tested in triplicate and repeated twice.

All data of ELISA represented the mean value of absor-
bance±standard deviation (mean±SD). The cutoff value
equaled the mean value of the control group (health people)
plus three times of SD. The data were analyzed with stu-
dent's t test using the statistical software of SPSS, version 11.
A value of p<0.05 was considered statistically significant.

Results

Sequence analysis of the cDNA encoding CsCL41.5

The longest ORF from 36 to 1,157 bp of the insert sequence
of plasmid No. 14 g11 encoding a homologue of cysteine
protease (CsCL41.5) was comprised of 373 amino acids
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(AA) with a predicted molecular mass of 41.5 kDa. The nucle-
otide sequence of CsCL41.5 has been deposited in GenBank
database with accession number DQ909016. Amino acid se-
quence of the protein consisted of N-terminal signal sequence
of 19 AA, propeptide sequence of 133 AA, and mature peptide
of 221 AA. The amino acid residues Gln170 (Q), Cys176 (C),
His320 (H), Asn340 (N), and Trp342 (W)which are crucial for the
conformation of enzyme active center were conserved in the
mature peptide of CsCL41.5 (Fig. 1, asterisk). ERFNIN and
GNFD motifs, which are conserved in cathepsin L, were iden-
tified in the propeptide region of CsCL41.5. The identities of
amino acid sequence of CsCL41.5 with cathepsin L from other
species were from 31.2 to 49.6 % (Fig. 1). The molecular
weights of the proprotein and mature protein of CsCL41.5
were predicted to be 39.34 and 23.8 kDa, respectively.

Acquirement of purified recombinant CsCL41.5
(rCsCL41.5)

Recombinant CsCL41.5 was highly expressed in the inclu-
sion body in E. coli. SDS-PAGE showed that the molecular

mass of the fusion protein was a little less than 45 kDa,
which was in correspondence with the predicted 42.9 kDa
(including 39.34 kDa of proprotein and 32 amino acids
of vectors). Purified and soluble rCsCL41.5 was obtained,
and the concentration of rCsCL41.5 was 0.58 mg/ml
(Fig. 2).

Fig. 1 Alignment of amino
acid sequence of CsCL41.5
with cathepsin L from other
species. Gaps (hyphen) were
introduced to maximize the
alignment. Open arrowhead
and closed arrowhead were
used to indicate cleavage sites
of the signal sequence and
propeptide of CsCL41.5,
respectively. The ERFNIN and
GNFD motifs were marked.
Asterisks represented residues
which were essential for active
center conformation. The amino
acid sequences of cathepsin L
from S. japonicum (accession
number, AAW27185), S.
mansoni (accession number,
CAA83538), F. hepatica
(accession number,
AAP49831), P. westermani
(accession number,
AAW28152), Haemonchus
contortus (accession number,
AAM55195), Danio rerio
(accession number,
CAN88536), Mus musculus
(accession number, PO6797),
and human (accession number,
AAA66974) were downloaded
from NCBI protein database
and compared with CsCL41.5
(DQ909016). The identities
were showed

Fig. 2 Expression and purifica-
tion of rCsCL41.5 by 12 % SDS-
PAGE. Lane M indicates molec-
ular mass marker, lane 1 lysate
of E. coli with pET28a-
CsCL41.5 without IPTG induc-
tion, lane 2 lysate of E. coli with
pET28a-CsCL41.5 with IPTG
induction, lane 3 purified
rCsCL41.5
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Transcription and immunolocalization analysis of CsCL41.5
at life stages of C. sinensis

The transcripts of CsCL41.5 were detected both in metacer-
caria and cercaria of C. sinensis (Fig. 3, lanes 2 and 3). In
adult worm, specific fluorescences were observed in the
intestine and intrauterine eggs (Fig. 4d). In metacercaria,
strong fluorescences appeared in the tegument and syncy-
tium (Fig. 4h). In cercaria, specific fluorescences were ob-
served in the oral suck and tail, even in the tail separated
from the body (Fig. 4l). No specific fluorescence was
detected in adults, metacercaria, and cercaria treated with
normal serum (Fig. 4b, f, j).

Identification of CsCL41.5 as one excretory–secretory
antigen using western blotting

Both rCsCL41.5 and ESPs could not be blotted with sera
from naive rats (Fig. 5, lanes 1 and 3). Recombinant
CsCL41.5 was probed with the sera from rats infected with
C. sinensis (Fig. 5, lane 2), and ESPs could react with rat
anti-rCsCL41.5 serum at molecular mass around 43 and
26 kDa (Fig. 5, lane 4).

ELISA analysis of specific IgG and IgG isotype responding
to rCsCL41.5 in sera from patients infected C. sinensis

The absorbance values of health people group (as the
control group) were 0.289±0.036, 0.252±0.091, 0.021±
0.020, and 0.035±0.041 for IgG, IgG1, IgG2a, or IgG4
detection with rCsCL41.5, respectively, and the corresponding
values of clonorchiasis patient group were 0.343±0.039,
0.274±0.035, 0.017±0.015, and 0.217±0.094, respec-
tively. In health people group and patients group, the
levels of specific IgG2a were very low. On the contrary,
the levels of specific IgG, IgG1, or IgG4 were relatively
high (Fig. 6). There was no statistical difference in the levels
of IgG, IgG2a, or IgG1 between the two groups (p>0.05),
while specific IgG4 level in sera from clonorchiasis
patients was statistically higher than that from healthy
people (p<0.01).

Fig. 4 Immunolocalization of CsCL41.5 in adult, metacercaria, and
cercaria of C. sinensis. Slides were observed under white light (a, c, e,
g, i, k) or fluorescence microscope (b, d, f, h, j, l). No specific
fluorescence was observed in panels b, f, or j which was probed with
serum from a rat immunized with PBS as the negative control. Panels
d, h, and l were probed with rat anti-rCsCL41.5 serum. Reddish-

orange fluorescence were observed in the intestine and eggs in the
uterus of an adult (d, 40×), tegument and tegumentary cell (syncytium)
of metacercaria (h, 400×), and oral suck and tail of cercaria (l, 400×).
e Intrauterine egg, i intestine, s spermatheca, t tegument and tegumen-
tary cell, os oral sucker, tl tail. White triangular arrow indicated tails
separated from the bodies

Fig. 3 Transcription analysis of CsCL41.5 in metacercaria and cercar-
ia of C. sinensis by 1.2 % agarose gel electrophoresis. Lane 1 indicates
PCR product amplified from plasmid No. 14 g11 of an adult worm
cDNA library with specific primers of CsCL41.5, lane 2 PCR product
amplified from the cDNA of metacercariae with specific primers of
CsCL41.5 or Cs β-actin, lane 3 PCR products amplified from the
cDNA of cercaria with specific primers of CsCL41.5 or Cs β-actin,
lane 4 negative control
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Sensitivity and specificity of serological detection
with rCsCL41.5

Western blotting showed that rCsCL41.5 was obviously
blotted with sera from patients infected with C. sinensis, S.
japonicum, P. westermani, hookworm, or A. lumbricoides
(Fig. 7). Specific IgG4 in sera from healthy people and
patients infected with helminths mentioned above were
detected using ELISA with rCsCL41.5. The cutoff value
was 0.158, and positive infection were detected in 15 clo-
norchiasis patients (15/24), 1 healthy people (1/24), 3 schis-
tosomiasis patients (3/12), and 7 paragonimiasis patients
(7/12), but not in patients infected with hookworm and A.
lumbricoides (Fig. 8). The sensitivity and specificity of spe-
cific IgG4 detection with rCsCL41.5 was 62.5 % (15/24) and
81.7 % (49/60), respectively.

Discussion

In the present study, we reported a novel gene encoding a
homologue of cathepsin L classified to cysteine protease of
C. sinensis (CsCL41.5). Bioinformatic analysis showed that

there were typical motifs of cathepsin L (ERFNIN and
GNFD motifs) and conserved amino acid positions which
constituted an active center of the enzyme. The identity of
its amino acid sequence with the cathepsin L of S. japonicum
was 49.6 %. CsCL41.5 was expressed and distributed in the
intestine and eggs of an adult worm, tegument and tegument
cell of metacercaria, oral suck, and tail of cercaria. Both
ELISA and western blotting assays showed that rCsCL41.5
could react with sera from patients infected with not only C.
sinensis, but also S. japonicum and P. westermani.

Western blotting analysis showed that ESPs were blotted
with rat anti-rCsCL41.5 sera, but not with sera from naive
rat. One blotting appeared at around 43 kDa and the other
around 26 kDa, which a light beyond the predicted molec-
ular. It was indicated that CsCL41.5 was a component of
ESPs, and two forms of CsCL41.5, proenzyme (39.34 kDa),
and enzyme (23.8 kDa) might exist in ESPs. Natural glyco-
sylations of them might be responsible for the changes of
their molecule weights in western blotting.

RT-PCR analysis and immunolocalization of CsCL41.5
at life stages of adult worm, metacercaria, and cercaria of C.
sinensis indicated that CsCL41.5 expressed at these stages,
but in different tissues. Another cathepsin L of C. sinensis
(CsCatL), we reported previously (Li et al. 2009), showed
stage and tissue-specific expression too. In adult worm, both
CsCL41.5 and CsCatL are located not only in the intestinal
wall, but also in the intestinal lumen. It indicated that they
were synthesized in the epithelial cell of the intestine and

Fig. 6 ELISA analysis of specific IgG and IgG isotypes in sera from
clonorchiasis patients with rCsCL41.5. Twenty-four sera samples from
clonorchiasis patients and 24 sera samples from healthy persons were
included in the analysis. *p<0.01, statistically significant, the level of
specific IgG4 detected with rCsCL41.5 in sera from clonorchiasis
patients was higher than that from healthy people

Fig. 7 Cross reaction of rCsCL41.5 with sera from patients infected
with different helminths using western blotting. Lane 1 indicates C.
sinensis, lane 2 S. japonicum, lane 3 P. westermani, lane 4 hookworm,
lane 5 A. lumbricoides, lane 6 healthy people

Fig. 8 Specific IgG4 detection in sera from patients infected with
different helminths using ELISA with rCsCL41.5. Number 1 indicates
healthy people (n024), 2 C. sinensis (n024), 3 S. japonicum (n012), 4
P. westermani (n012), 5 hookworm (n09), 6 A. lumbricoides (n03)

Fig. 5 Identification of
CsCL41.5 as an excretory–se-
cretory antigen using western
blotting. Lane 1 indicates
rCsCL41.5 reacted with sera
from naive rats, lane 2
rCsCL41.5 probed with sera
from rats infected with C.
sinensis, lane 3 ESPs reacted
with sera from naive rats, lane 4
ESPs reacted with rat anti-
rCsCL41.5 sera
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secreted into the lumen. Many cathepsins of helminths se-
creted into the intestinal lumen are related to digestion and
nutrient absorption (Brady et al. 1999). In addition, CsCatL
has been confirmed to take a part in the degradation of
macromolecular proteins (unpublished data). Collectively,
it was possible that CsCL41.5 and CsCatL took a part in
digestive process. Not like CsCatL, CsCL41.5 expressed in
eggs too. It was reported that cathepsins were important for
the embryonic development of Caenorhabditis elegans
(Britton and Murray 2002). CsCL41.5 might be involved
in the development of miracidium in egg. In metacercaria,
both CsCL41.5 and CsCatL expressed at the tegument.
Considering that the cooperation of cathepsin secreted from
metacercaria and bile and pancreatin produced by the host
resulted in excystation of metacercaria (Li et al. 2004),
CsCL41.5 and CsCatL were seemed to involve in encysta-
tion/excystation. In cercaria, CsCL41.5 expressed in the
tegument of tail including the tail separated from the body,
while CsCatL expressed only at the tegument of the body.
When cercaria invaded into fish, CsCL41.5 might play a
role in the separation of tail from the body, and CsCatL
probably involved in the tissue degradation of fish. Taken
together, different cathepsin L proteases were associated
with different physiological processes at life stages of C.
sinensis.

In parasites, the antigenicity of proteins secreted from the
epithelial cell of the intestine was higher than that from
other tissues (Kim et al. 1991). Cysteine proteinases secret-
ed from the intestine of C. sinensis were regarded as ideal
antigen candidates for the serodiagnosis of clonorchiasis.
The sensitivity and specificity of ELISA with a cysteine
proteinase were up to 96 and 96.2 % (Nagano et al. 2004).
But in our study, the data showed that the background
values of specific IgG in sera from healthy people were
high. The identity of 40.4 % between the amino acid se-
quence of CsCL41.5 and human cathepsin L was possibly
responsible for the results.

IgG4 level in sera from patients infected with helminths
would increase significantly, and the specificity of IgG4 was
pretty high (Hakangard et al. 1996; Aceti et al. 1993; Loukas
et al. 1996). After treatment, the IgG4 level in sera from
clonorchiasis patients will decrease, so that IgG4 level can
be used for the assessment of curative effect (Hong et al.
1999). Our current data showed that the sensitivity and spec-
ificity of specific IgG4 detection with rCsCL41.5 was 62.5 %
(15/24) and 81.7 % (49/60), while the sensitivity and speci-
ficity of IgG4 detection with recombinant propeptide of an-
other cathepsin L, CsCatL, we reported previously, were 91.7
% (22/24) and 88.5 % (69/78) (Li et al. 2011). It implied that
rCsCL41.5 was less suitable for the serodiagnosis and thera-
peutic evaluation of clonorchiasis than the recombinant pro-
peptide of CsCatL. It is worth noting that IgG1 and IgG3 in
sera from clonorchiasis patients, responding to another

recombinant cysteine proteinase of C. sinensis, were predom-
inant IgG isotypes (Lv et al. 2011). IgG1 is elicited during Th2
immune responses (Stevens et al. 1988), and IgG3 is associ-
ated with Th1 immune responses (Snapper and Paul 1987). In
chronic clonorchiasis, specific IgG4 level reflects the level of
Th2 immune response of host (Caldas et al. 2008) and
increases dramatically (Hong et al. 1999). It indicated that
different immune responses would be induced by different
cysteine proteinases in clonorchiasis patients, which resulted
from their expressions at different infected stages.

In summary, different cysteine proteinases of C. sinensis
probably express in different tissues. On the other hand, the
same cysteine proteinase may express in different tissues at
different life stages of the worm. They can induce different
immune responses, and the efficiencies of immunological
diagnosis with them are different. It was concluded that they
might play different roles in physiology and pathogenicity.
Our study was a cornerstone for further researches on their
functions.
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