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Abstract Cysteine proteases play essential roles in parasite
physiology as well as in host—parasite interactions through
their modulation of various biological and pathobiological
events. In the present study, a full-length sequence encoding
cysteine protease of Clonorchis sinensis (CsCP) was isolated
from our adult cDNA library. The open reading frame contains
984 bp encoding 327 amino acids. The present amino acid
sequence shared 68% identity with two known CsCP genes and
29-49% identity with that of other species. Bioinformatics
analysis showed that conserved domains and characteristic
amino acid residues of cysteine proteases were observed in this
sequence. Real-time PCR experiments revealed that CsCP was
consecutively transcribed in various developmental stages of
the parasite, including adult worm, excysted juvenile, metacer-
caria and egg. Recombinant CsCP (rCsCP) could be probed by
rat anti-CsCP serum, rabbit anti-excretory—secretory products
(ESP) serum and serum from human infected with Clonorchis
sinensis in Western blot. The result of immunolocalization
showed that CsCP was mainly located in the oral sucker,
excretory bladder and tegument of cercariae and metacercariae,
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as well as the intestine of adult worm. The rCsCP-based
IgG and its isotypes were all detected in sera from
human infected with C. sinensis by enzyme-linked immuno-
sorbent assay, and the level of IgG1 is the highest. The
receiver-operating characteristic (ROC) analysis was used to
determine the most appropriate cut-off value that yielded the
high sensitivity (86.96%) and specificity (70.42%). These
results revealed that CsCP may play an important role in the
biology of C. sinensis and could be a diagnostic candidate for
clonorchiasis.

Introduction

Clonorchis sinensis is one of the causative agents of food-
borne trematodiasis (Lun et al. 2005). It is estimated that 35
million people have been infected with C. sinensis globally, of
which 15 million dwell in China (Fan et al. 2011). People
acquire the infection by taking raw or undercooked fish (cyp-
rinidae) and shrimps containing C. sinensis metacercariae.
After entering the duodenum, the metacercariae excyst and
migrate into the bile ducts and develop to adult worms (Keiser
and Utzinger 2009). The adult worms residing in bile ducts
cause clonorchiasis with the outcomes of cholecystitis, chol-
angectasis, cholelithiasis, hepatic fibrosis, and even liver cancer
and cholangiocarcinoma (Choi et al. 2004; Lim et al. 2006).
Conventionally, microscopic examination of fecal samples
for the presence of parasite eggs is considered the gold
standard of screening clonorchiasis. However, omission and
false detection is unavoidable due to the difficulty in observing
and identifying the tiny eggs under microscope. Additionally, it
is troublesome to collect stool samples in epidemiological
surveys. Recently, PCR assays such as the nested, multiplex,
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and real-time PCR have been described in detection of both
human and animal in C. sinensis infections (Le et al. 2006;
Parvathi et al. 2007; Kim et al. 2009; Rahman et al. 2011). Yet,
these techniques are inconvenient, especially in field
conditions, for the paucity of precision thermocyclers and
professional technologists. To overcome these deficiencies,
immunological diagnostic methods relying on detecting
specific antibodies in serum are becoming more and
more prevalent due to their simplicity, practicality, high
sensitivity and efficiency. Cysteine proteases (CPs) play
important roles both in parasite physiology and pathogenicity
events such as catabolic functions, protein decompozation,
excystment/encystment, digesting host tissues for nutrient
and immune evading (Sajid and McKerrow 2002; Delcroix
et al. 2006; DuBois et al. 2008; Robinson et al. 2008;
Kaewpitoon et al. 2008; Han et al. 2011). The importance of
cysteine proteases in parasite survival or development makes
them efficacious targets for vaccines and immunodiagnostic
antigens. Reportedly, several recombinant cysteine protease
antigens have been used for diagnosis of human fascioliasis
(Carnevale et al. 2001), paragonimiasis (Ikeda et al. 1996) and
schistosomiasis (Klinkert et al. 1991).

In the present study, we cloned and characterized a
gene encoding a C. sinensis cysteine protease and investigated
its diagnostic value for clonorchiasis using enzyme-linked
immunosorbent assay (ELISA). The rCsCP-based IgG1 iso-
type was detected and yielded high sensitivity and specificity
in sera from human infected with C. sinensis. These results
revealed that CsCP may play an important role in the biology
of C. sinensis and could be a diagnostic candidate for
clonorchiasis.

Materials and methods

Identification and molecular characterization of cDNA
sequence encoding CsCP

From 3475 Unigenes in our C. sinensis cDNA library, a
clone (No. CsC61E05) encoding a cysteine protease (acces-
sion number JN655695) was identified by BLASTx at the
National Center for Biotechnology Information website
(http://www.ncbi.nlm.nih.gov/BLAST). Characteristics of
deduced protein sequence were predicted by online tools
on Expasy website (http://web.expasy.org/), including mo-
lecular mass, isoelectric point, functional domain, and signal
peptide. Based on similarities, the sequences from different
species including Paragonimus westermani (P. w,
DQO016547), Schistosoma japonicum (S. j, FN316422), Fas-
ciola hepatica (F. h, EF407948), Echinococcus multilocula-
ris (E. g, AB586073), Taenia solium (T. s, AB441815),
Homo sapiens (H. s, BC010240) and C. sinensis (C. s,
AY273802; C. s, AB020036), were aligned by the
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bioinformatics analysis software Vector NTI suite 8.0. The
phylogenetic tree was constructed using the neighbor-
joining method with MEGA4. Bootstrap proportions were
used to assess the robustness of the tree with 500 bootstrap
replications.

Preparation of parasites

Living metacercariae of C. sinensis were prepared and
collected as previously described (Chen et al. 2011). Sprague—
Dawley rats were infected orally with 50 metacercariae each
and adult worms were harvested from the biliary tracts of rats
9 weeks after experimental infection. Excysted juveniles were
obtained from metacercariae treated with trypsin (0.1% trypsin,
pH 7.4). Living cercariae were directly collected from Paraf-
ossarulus striatulus in our ecologic pool.

Real-time PCR analysis of CsCP at different life stages
of C. sinensis

Total RNA was extracted respectively from eggs, metacer-
cariae, excysted juveniles and adult worms with TRIZOL
reagent (Invitrogen, USA) according to the manufacturer's
instructions. First-strand ¢cDNA was performed with the
reverse transcriptase superscript (TaKaRa, Japan) with oligo
dT primers using total RNA as template. 3-Actin (accession
number EU109284) was used as transcriptional control (Yoo
et al. 2009) and amplified with forward primer 5'-
ACCGTGAGAAGATGACGCAGA-3' and reverse primer
5'-GCCAAGTCCAAACGAAGAATT-3". Real-time PCR
amplification was carried out on LightCycler480 instrument
(Roche, Switzerland) using SYBR Premix ExTaq Kit
(TaKaRa, Japan). The program for amplification was 95°C
for 30 s, followed by 40 cycles of 95°C for 5 s and 60°C for
20 s. After amplification, a melting curve was performed
using the following profile: 95°C for 30 s, 65°C for 15 s,
followed by increase to 95°C while continuously collecting
the fluorescence signal. The LightCycler480 software
(version 1.5) was used to analyze the data according to 24"
method (Pfaffl 2001). The (3-actin amplification signal was
employed as transcriptional control, and signal of egg was
used as the calibrator.

Cloning, expression, and purification of CsCP

The gene encoding cysteine protease was amplified by
polymerase chain reaction (PCR) using No.CsC61EQ5 plas-
mid clone as the template. The primer pair is as follows:
forward, 5-GACGGATCCAGCAACATTCCTGAATC-3',
and reverse, 5'-GCCAAGCTTTCACAAGATGATC
GAGG-3'. The forward and reverse primers incorporated
the restriction enzyme sites BamHI and HindIIl (under-
lined), respectively. PCR assay was carried out for 35 cycles
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at 94°C for 50 s, 57°C for 60 s, and 72°C for 60 s, and the
reaction continued for 5 min at 72°C after the last cycle
using ExTaq polymerase (TakaRa, Japan). The purified
PCR products were cloned into the Hisg-tag expression
vector pET28a(+) (Novagen, Germany) and subsequently
transformed into Escherichia coli BL21 (DE3) (Promega,
USA). Selected clones were grown and induced by isopropyl
[3-D-thiogalactopyranoside (IPTG) at a final concentration of
1 mM at 37°C for 5 h. Induced cells were collected by
centrifugation at 8,000xg for 15 min at 4°C, and the
inclusion bodies containing the recombinant fusion pro-
tein were solubilized thoroughly in phosphate-buffered
saline (PBS) containing 6 M urea, and then the rCsCP
was purified with His Bind Purification kit (Novagen)
according to the manufacturer's instructions. Renaturation
was followed by dialysis through gradient dilution of urea.
Purified protein was analyzed by 12% sodium dodecyl
sulphide-polyacrylamide gel electrophoresis (SDS-PAGE,
12% gel) and stained by Coomassie blue. Protein concentra-
tion was estimated using Bradford assay on nucleic acid/
protein analyzer (Beckman, USA).

Acquirement of rat anti-rCsCP serum and Western
blot analysis

Polyclonal antiserum to rCsCP was produced by immu-
nizing Sprague-Dawley rats purchased from Sun Yat-sen
University animal center under the Guide for the Care and
Use of Laboratory Animals. Briefly, 200 pg purified
rCsCP mixed with equal volume of complete Freund’s
adjuvant (Sigma, USA) was injected subcutaneously into
Sprague—Dawley rats, two boosters of 100 pg rCsCP
with equal volume of incomplete Freund's adjuvant were
given at 2-week intervals. Immune sera were collected
2 weeks after the final injection. The antibody titers were
confirmed by ELISA.

The rCsCP was subjected to 12% SDS-PAGE gel and
then electrotransferred to the polyvinylidene difluoride
(PVDF) membrane (Millipore, USA) at 100 V for 1 hin a
Trans-Blottransfer cell (Bio-Rad, USA). The PVDF mem-
branes were blocked with PBS (pH 7.4) containing 5%
skimmed milk overnight at 4°C and then probed with naive
rat serum, rat anti-rCsCP serum (1:200 dilution), naive human
serum, serum from human infected with C. sinensis (1:100
dilution) and rabbit anti-ESP serum (1:100 dilution) for 2 h at
room temperature, respectively. After being washed three
times with PBS, the membranes were incubated in horseradish
peroxidase-conjugated goat anti-rat IgG, anti-rabbit 1gG or
anti-human IgG (1:2,000 dilution, Invitrogen, USA) for 1 h
at room temperature. Both primary and secondary antibodies
were diluted with 0.1% BSA in PBS. Bound antibodies were
visualized using the 3,3'-diaminobenzidine (DAB) solution
(Invitrogen, USA).

Immunolocalization of CsCP at adult worm, metacercaria
and cercaria of C. sinensis

After washing several times with PBS (pH 7.4), the worms
and metacercariae were fixed in 4% paraformaldehyde
and then embedded with paraffin wax and sliced into 5-um
sections, respectively. The collected cercariaec were immersed
in PBS-0.3% TritonX-100 for 1 h at room temperature before
being fixed with cold acetone on glass slide for immunohis-
tochemical analysis. Deparaffinized sections of metacercariae
and adult, and fixed cercarie were blocked with normal goat
serum for 1 h at room temperature. After that, slides were
incubated with rat anti-rCsCP serum (1:200 dilution) at 4°C
overnight, and naive rat serum was employed as negative
control. After being washed three times with PBS, slides were
incubated with goat anti-rat IgG (1:400 dilution) labeled with
red-fluorescent Cy3 (Jackson, USA) for 1 h at room temper-
ature in the dark and then imaged under fluorescent micro-
scope (Zeiss, Germany).

Source of human sera samples

Sera from patients with clonorchiasis used for ELISA were
collected in Guangxi province and defined based on the
presence of eggs in feces. Other sera samples from patients
infected with C. sinensis, P. westermani, F. hepatica, S.
Jjaponicum, E. granulosus and T. solium were provided by
the center of disease prevention and control of Nanning,
Jiangsu, Gansu and Fujian province, respectively. Sera
from healthy donors were judged by the absence of
eggs in feces and no history of eating raw fresh water
fish. All patients were singly infected with corresponding
parasite.

Detection of antibody isotypes

In order to confirm the optimal detection index, 24 positive
and 24 negative sera samples were randomly selected to
measure the levels of IgG and its subclasses (IgG1, 1gG2,
IgG3, and IgG4) by ELISA. The optimal concentration of
coating antigen and dilution of serum samples were deter-
mined by checker board titration. Briefly, microtiter plates
(Corning, USA) were coated with 1, 3, 5, 7 nug/ml purified
rCsCP antigen in 0.1 M carbonate—bicarbonate buffer
(pH 9.6) and incubated at 4°C over night, respectively.
Subsequently, the plates were blocked with 5% skimmed
milk in PBS containing 0.05% Tween 20 (PBS-T, pH 7.4)
for 2 h at 37°C, then serum samples were diluted at 1:50,
1:100, 1:200, 1:400 under each antigen concentration with
PBS-T containing 0.1% BSA. Plates were incubated at 37°C
for 2 h before adding HRP-conjugated mouse anti-human
IgG and its subclasses (Southern Biotech, Germany). Plates
were incubated for 1 h at 37°C and then developed color
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with substrate 3,3',5,5'-tetramethylbenzidine (TMB, BD,
USA). The absorbance was measured at 450 nm after adding
2 M H,S0, (50 pl/well) to stop the reaction.

Serodiagnosis of clonorchiasis with rCsCP

A total of 188 human sera samples were used for the
serodiagnosis of clonorchiasis. The levels of IgGl in
sera samples from patients infected with C. sinensis, P.
westermani, F. hepatica, S. japonicum, E. granulosus
and 7. solium were detected by ELISA according to
the method described above. Briefly, each well was
sensitized with the optimal concentration of coating
antigen, then the sera diluted in optimal concentration
were reacted with rCsCP and incubated with mouse
anti-human IgG1 successively. All assays were tested in
triplicate and repeated twice.

i L e

Statistical analysis

All data in ELISA represented mean+SD. Statistical analysis
was determined by Student’s #-test, and p<0.05 was considered
significant difference. Scatter plots were performed using
statistical software SPSS16.0.

Results

Sequence analysis of CsCP

The gene harboured an N-terminal hydrophobic signal pep-
tide at the position of aa 1-18 according to the results of
signalP analysis (http://www.cbs.dtu.dk/services/SignalP/).

The complete coding sequence of CsCP was comprised of
984 bp encoding a putative protein of 327 amino acids with

131

AEEFET®; OO0
3%8838%9

AEEE Ym0 00

HAEEE 3T ®n o000

SCP (1) —WRFELCFLVALGFFGVLGSNIPESENARQL YEEFKLKYKKSYSH-DDDEYRFRVFKDNLLRIKGF QUNERG—TAK YGVTQF SDLTAQEFKVRYLR SKFCGVP VDREP VP——F IRMDVLDDRED
sCPL (1) MRFDGPI VSEDL TP——EEDVTHINEKFD
sCP2 (1) —MRLFVOCVLVTTIVSALART TOVEPDNARALYEEFKLK YKK TYSH-DDDELR FEIFKDNLLRAKRL QENEQG—TAQYGVTOF SOLTSEEFKTRYLRNRFOGP] VSEDL TP——EEDVTHINEKFD
(1) ———NKVFLLFSIITAITVAGHYDKQYDE TWRQVKLE YNK TYTSHDDENRREMIFMRR IGKTQEHNLRHDLGLEGY THGLNGF COMEWEE VHR IMFPKVFGHSPLVNDDG-~KELEL THKP VP SKWD
(1) ————JRLFTVSCFVLIVSCAVAVPDSARELYEQFKRDYGK VYAN-EDDOKRFAIFKDN LIRAQKLOLKDOC—TAR YCVTOF SDLTPEE FAAKYL SAPYNNDQVKRVRP-——TCLKAAPERID
(1) ———————IWFFVLAVLTVGVFASNDDLYHQVKRI YNKEYNG—ADDEHRRN WGKN VKHIQEHNLRHDLGLVTYKLGLNOF TOLTFEEFKAKYLIEIP-RSSELLSRG-~IPYKANKLAVPESID
(6)) MLLOQVLMLLIAKVSSRKPHOSDRLTGI TDY INNK ANTTVRAG——KNKRFT DAL SAKSOMGSLFNPGGSHLP TKSFYLSSTOKA ALPSEFDARKA
(¢H] MVOLWA SLOCLLVLANARSR PSFHPVSDELVN YVN-K RN TTHOAG—— HNFYNVDMGYLKR LOGTFLG-G——PKPPQRVFTEDLKL PASFDAREQ
(1) MIVTPLLLLLLATHSLAVVVETSALLTERELSRQWACWKLQHGRVYSG-KEEAYRRGIFARNLLY IKOQNRRFNAGLESYSTCLNOF ADLESSEF SERFLG TRP-ESRVAGRRGR IWKAL ASAAGLPDTVD

I | |

182 i X H X SR — #
SCP (120) [RNHGAVGPVLDREDEEEa [ T)SAVCHTECOWF RETD-11 — DEZSNEETPOOAR KQILCNCCLOLDSDYPYEL RE—CQBRIVPSKVEVY INGSKIL
sCPL (27) [REHGAVGPVLDEEKEH: o 1 ySVIGHVVGOHF RKTG--HLLAL SEOQEVDEDY—LDDEEDEE Y PPTY TAIGKNGGLELA SDYPYTGVG——GI BHMDK SKFVAYINGSTILPL—————~
sCP2(121) [REHCAVGPVLDEEK S s g SVIGHVVGOMF RETG——HLLAL SR IVD EDY—LDDERDEEY PPOTY TAIQKNGGLELA SDYPYTGVG——GI BHNDKSKFVAYVNGSTILPL——————
JCP (122) [RDHCAVTAVKNAEMEEE o 1 SATGATBGOLRRKHK-—KLTSLERNOIVDE STPYGH YEG EE Y MDHAR NYLESH- Y IESENDYKYLGYD——ANSHYRKSKGVVKVKKFVDLP SK——————
WwCP (114) [JRAKGAVTAVENAESEEEETISTAGNVEGONF IKTG—-QLVSLEKQQIVDEDR—AA DEENERWPASSY LEINHNGGLESQIDYPYAGVK——BQEFIEKERLLAKIDDSTALGP—————-
HCP (114) {JRDYYYVTEVKNAEQEEE 0 11y STTC AVEGQFRENER - A SASFEBQQ VN S TRDFGN Y £6G £ Y VENAY EYLKHN-GLETE SY YPYQAVE——CGPEQYDCRLAYAKVTGYYTVHSG—————-
nCP  (94) JPDCPTIGEIRDAETEN: B GATE AMSDRICTHSEGKE VVRIEADDIL SEOGLFOG FENEEL PENAVRYVAIDG IVSGG LY GSHVGCRPYEIPF SEHHT SGNRPDCK GNSKTPROQROCVESFIGKYQ
sCP (90) [JPOCPT IKEIRDEESERERiCAVEATSDRTC THTNAHY SVEVEAEDIL TEOCSHOS DERNEE Y PAEAY NFWTRKG LY SOC LY ESHVG CRPY STPPEEHHVNG SRPFCTGECDTPKCSK ICEFGYSPTYR

SCP (130) |RDKNLVTEVKNAENSEEs [1)SSTG ALEGAFAKKTG- KL SUER0VD B SLKNGHD BN EE Y MSY AF KYLEEH-F 1EPE SA YFYRA TD——GPBRYNESLGVGTVT DIGDIPEG—— ———-
| |

262

263 o 4 * I * % ..‘..‘.1.? 391 Identity(%)
. S0P (228) ———————DI0IQAQMLKETH3L SSAL N AL FLOFYTEGTLHP———LPALCDAQSLNIAVLTY EYGKBGRLP{L TV K 5 | STHF EENEYFRIYRC-DCTEGINTLVSTS I IL———— -
. sCP1 (136) ——————SIKVQAQKL RATH3L SSAL NADTLOLYK GG IMR-———PKWCDPAGV N VLTV EVGVONGKPIL IVK 5 GEDF EEEEYFRIVRG-DCTEGINSIVITAIIK———— 68
sCP2 (230) ——————SKVQAQKLRAT 3L SSALNADTLOLYK GG IMR-———FKWCDPAGY N GVLTV EVGVONGKFIL IVK 5 GEDF EREEYFRIVRG-DCTEGINSIVITAIIK——— 68
JCP (233) ——————DIKTLOKAVYOYE3 ISVCIVALDSL INYK———SG VFESNDCKYADI NEIGVLYY EYGKEHGKIVL LT K[ (GDLVESKEYFKLRRNKHNIEGVASNASFPLLL——— 49
WCP  (228) ———————SIDDNAAYLARHE;L STLLNATTLQYYQSG] IHP————SYEBCSPVDLNIAVLTV EYDKECDNP{L 11K S WVEWERKEVFRLYRG-DOTECIIRIFTSAI IH——— 48
WP (225) — D3 IELKNLVGTE S3AAVALDADSDF MMY Q————3G IYQSITCLPDRL TAVLAV EYGSODG TO{ IVE LS GTVVEEDEYIRFARNRGHMEGT ASLASVPIGTISV-—— 35
nCP  (225) ADKHFASNVYNVRASZEDIMNEILVYS3VEADRIVYADFLTYKSG ~VYQHVKGGRLCGIAVKIL EWGEENG VP{LLCA TS NTDWEDGEFFKILRG-YNHEKIEADINAGIFKIRE-——— 34
sCP (221) ODKHYGYNSYSVSHSIKDIMAETVKNEGVEGAR SVYSOFLLYKSG———-VYQHVTCEMMGGIATRIL EWGVENG TF{ LV A TS NTDVEDNEFFKILRG-QDHEGIESEVVAGIPRTDCVWVEKT 29
SCP  (241) ——————NSTALNEAVATVESISTATDASSLGFF YRQVATNPHHG IYKSHUCSSKFLNIGVLAT EYCKQDCKF{L LVK 5 CTRY BV T IDAKDYHINECV ASLADFPYV———— 26

Fig. 1 Alignment of CsCP deduced amino acid sequence (C. s,
IN655695) from Clonorchis sinensis (C. s, AY273802; C. s,
AB020036) and other species including P. westermani (P. w,
DQO016547), S. japonicum (S. j, FN316422), F. hepatica (F. h,
EF407948), E. multilocularis (E. g, AB586073), T. solium (T. s,
AB441815), and H. sapiens (H. s, BC010240). The predicted signal
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peptide region was shown with a signal line. The gaps (dashes) were
introduced to maximize alignment. Shaded sequences were highly
conserved in sequence alignments. Asterisks indicate the conserved
active site residues. Filled diamond indicates the substrate binding site.
The six conserved cysteines (pound symbol) which formed disulphide
bridges were linked. The B cell epitopes are indicated by dots
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Fig. 2 Phylogenetic analysis of CsCPs and other related enzymes. The
tree was constructed with the neighbor-joining method using MEGA4
program. Numbers on the branches indicated bootstrap proportions (500
replicates). The relationships displayed in the phylogenic tree were in
good agreement with traditional taxonomy. The three C. sinensis cysteine
protease genes were distributed in different branches. Filled star indicates
that sequences were previously reported (AB020036, AY273802). Empty
star indicates that the sequence was submitted by our laboratory
(IN655695)

a predicted molecular mass of 37.1 kDa. The estimated half-
life of rCsCP was more than 10 h in E. coli. The indexes of
instability in solution, aliphatic, and grand average of hydro-
pathicity were 30.59, 75.69, and —0.407, respectively, indi-
cating that rCsCP was a stable protein with a hydrophobic
core in solution. Blastx analysis revealed that the deduced
amino acid sequence shared 68% identity with two known
CsCP genes and 29—49% identity with other species. Rich B
cell epitopes were found in the CsCP, suggesting that the

220
200
180 4
160 -

5

120 +
100
80+

Relative expression (folds)

E M EJ A

Fig. 3 Stage-specific expression levels of CsCP gene revealed by real-
time PCR. DNA markers (M), CsCP PCR products using egg cDNA
(E), metacercaria cDNA (M), excysted juvenile cDNA (£J), and adult
worm cDNA (4) as template. 3-Actin was employed as the transcrip-
tional control, and the sample of egg was used as the calibrator. Each
bar represents the mean value from three experiments with standard
deviation (*¥p<0.05, **p<0.01)

Fig. 4 Expression and purification of CsCP by 12% SDS-PAGE.
Protein molecular weight markers (M), lysate of E. coli with pET-28a
(+) before induction with IPTG (lane 1), and after induction (lane 2),
lysate of E. coli with pET28a(+)-CsCP before induction (lane 3) and
after induction (lane 4), supernatant of induced pET28a(+)-CsCP (lane
5), and sediment (lane 6), purified rCsCP (lane 7)

rCsCP maintains good immunogenicity. Moreover, highly
conserved amino acids were observed, including the Cys;3sg,
Hisy74, Asnags residues which form the catalytic triad, the
Glnyz,, Cysysg, Hisy74, Asnygs and Trp,g; residues which
maintain the stabilization of the transition state, as well as
Gly 34 which was involved in substrate binding. Moreover,
six critical cysteine residues that form disulphide bridges
were also conserved among compared species (Fig. 1).
The relationships displayed in the phylogenic tree were
in good agreement with traditional taxonomy. The three
cysteine proteac genes of C. sinensis were distributed in
different branches, suggesting they have different functions

(Fig. 2).

Transcriptional level of CsCP at different developmental
stages of C. sinensis

Real-time PCR was performed to detect the CsCP tran-
scripts at life stages of egg, metacercaria, excysted juvenile
and adult worm. The -fold changes of CsCP gene transcrip-
tional level in adult worm, excysted juvenile and metacer-
caria were calculated compared with egg. The results
showed that the expression levels of CsCP gene were
19.03-, 88.04-, and 177.71-fold in metacercaria, excysted
juvenile and adult worm, respectively (Fig. 3).

kDa M 1 2 3 4 -5
72 g
55

43
34

Fig. 5 Western blot analysis of rCsCP. Protein molecular weight
markers (M); rCsCP probed with anti-CsCP rat serum (lane 1); tCsCP
probed with serum from human infected with C. sinensis (lane 2);
rCsCP probed with preimmune rat serum (/ane 3); rCsCP probed with
human normal serum (lane 4) and with ES-immuned rabbit serum
(lane 5)
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metacercaria adult

cercaria

Fig. 6 Immunolocalization of CsCP in cercaria, metacercaria and
adult worm of C. sinensis. Rat anti-CsCP serum was used as primary
antibody and goat anti-rat IgG as secondary antibody. b, d, f, h, j, 1 Parts
under fluorescence microscope and the same parts (a, ¢, e, g, i, k) under
white light. Preimmune rat serum was applied as a negative control. a, b,

Expression and purification of rCsCP

The recombinant pET-28a(+) plasmid containing the CP
coding region (signal peptide removed) was confirmed by
digestion with restriction enzyme. DNA sequencing
revealed that the construct was correct with His¢-tag at the
N terminus of the recombinant protein. The rCsCP was
expressed in E. coli (BL-21) after induction by IPTG, and
a purified fusion protein with an approximate molecular
weight around 38 kDa was detected, corresponding to
the predicted size of 38.5 kDa (including 34 amino
acids of vectors) originated from the primary gene sequence.
After purification and renaturation, the concentration
of the purified CsCP protein was about 0.4 mg/ml
(Fig. 4, lane 7).

Western blot analysis of rCsCP

The titers of rat anti-rCsCP antibody were 1:102,400 as
determined by ELISA. Western blot analysis showed that
rat anti-rCsCP serum (Fig. 5, lane 1), rabbit anti-ESP serum
(Fig. 4, lane 2) and sera from patients infected with C.
sinensis (Fig. 5, lane 5) could strongly react with purified
rCsCP while the naive rat serum (Fig. 5, lane 3) and human
healthy serum (Fig. 5, lane 4) could not.
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e, f, i, g Negative control; ¢, d, g, h, k, 1 localization of CsCP. T tegument
and tegumentary cell, os oral sucker, 7 intestine, eb excretory bladder, eg
intrauterine egg, v vitellarium, £ eye point. The images were magnified
atx 100 for adult worm and x200 for cercaria and metacercaria

Immunolocalization of CsCP at adult worm, metacercaria
and cercaria of C. sinensis

Using the rat anti-rCsCP serum as the primary antibody and
red-fluorescent Cy3 labeling IgG as the secondary antibody,
immunolocalization showed that CsCP distributed sur-
rounded the intestine of C. sinensis adult worm, excretory
bladder and tegument of metacercaria, as well as oral sucker,
excretory bladder and tegument of cercaria (Fig. 6). No

124 = B Patient
] N healthy

1.04
0.84

0.6 1

0OD450

0.4 1

0.2 1

\
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19G2

Fig. 7 Analysis of total IgG and IgG subclass responses to rCsCP in
24 clonorchiasis patients and 24 healthy persons. IgG, IgG1, IgG2 and
IgG3 all appeared at a significant level (*p<0.05, **p<0.01)
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Table 1 Comparison of the

CsCP ELISA with stool ELISA No. of samples from stool examination

examination as the gold standard — ]

method for diagnosis of Positive Negative Total

clonorchiasis in 188 human

sera samples Positive 40 42 82
Negative 6 100 106
Total 46 (86.96%) 142 (70.42%) 188

fluorescence was visualized in other organs or in controls
treated with naive serum.

Human IgG isotype response to CsCP

Optimal concentration of coating antigen and dilution of
serum samples were 5 ug/ml and 1:200. IgG, IgGl, IgG2,
1gG3 and IgG4 isotypes were all detected. The level of IgG
(t=2.563, p=0.016), IgG1 (t=3.667, p=0.002), and 1gG3
(¢=2.338, p=0.025) in sera of patients with clonorchiasis
showed significant difference comparing with those of nega-
tive sera (Fig. 7). The most significant index was IgG1, which
seemed to be the most appropriate candidate for clonorchiasis
serodiagnosis.

Sensitivity, specificity and cross-reactivity of rCsCP in IgG1
ELISA

A total of 188 human sera were used in indirect ELISA to
test the reactivity of the rCsCP. The cut-off value determined
by ROC curve was 0.255. The sensitivity and specificity of
rCsCP were 86.96% and 70.42% (Table 1). The result of
ELISA showed that rCsCP could react with human sera
from clonorchiasis, fascioliasis, schistosomiasis, paragoni-
miasis, echinococciosis and cysticercosis (Table 2; Fig. 8).

Discussion

Cysteine proteases are of great interest to parasitologists, as
there is considerable evidence that they play a key role in the
biology of parasites (McKerrow et al. 2006). In C. sinensis,

Table 2 Number of the sera samples from other helminthic-infected
people used for cross-reactivity assay

Parasites No. of serum samples No. positive of ELISA
P. westermani 14 7

S. japonicum 16 5

F. hepatica 37 9

E. granulosus 16 3

T. solium 11 1

Total 94 25

cysteine proteases are considered to participate in essential
biological processes such as immune evasion, stage transi-
tion and nutrient uptake from the host (Li et al. 2004; Na et
al. 2006, 2008). In the present study, a full-length gene
encoding a cysteine protease from C. sinensis was identi-
fied, cloned and overexpressed in E. coli. Sequence analysis
showed that CsCP has a typical signal peptide at the position
of aa;_ g, as well the catalytic residue of cysteine, histidine
and asparagine that is the signature of cysteine protease
(Smooker et al. 2010). The Gln;3;, Cys;3g, Hisy74, Asnaos
and Trp,97 residues, which play critical roles for stabilization
of either the thiolate-imidazoliumi on pair or the transition
states, were well conserved. Six cysteine residues which can
form three conserved disulphide bonds were found among
compared species, suggesting a similar tertiary structure. The
putative amino acid sequence shared 68% identities with the
two reported CsCPs (Nagano et al. 2004; Na et al. 2002), and
B cell epitopes showed low similarity. Moreover, the three
CsCP genes were distributed on different branches in phylo-
genic tree. Both results suggested that the sequence in our
study was different from the two reported ones which have
been applied for serodiagnostic biomarkers in clonorch-
iasis, encouraging us to assess the value of our rCsCP in
serodiagnosis of clonorchiasis.

In immunolocalization, CsCP mainly distributed in
excretory—secretory organs such as intestine of adult worm,
excretory bladder of cercaria and metacercaria. Western blot
analysis showed that rCsCP could be probed by rabbit ESP-
immunized serum. Additionally, a typical signal peptide was

0.450
0.298 &
0.400 4 o041
°
0350 | o 0% "o v
o 0288 + °
3 0.300- ! 0 M:;?f g 0033 gges
a a 8 8 o ﬁ UD.NG 2 tiuloflnlue
S 0.250 {2 : - 8 . A f—ozss
o P 4
0.200 - g 8 8 8 !
0.150 4 8 g ° 8 °
0.100 8 g
1 2 3 4 5

Fig. 8 Cross-reactivity of IgG1 ELISA based on rCsCP. I C. sinensis
infection group (n=46), 2 P. westermani infection group (n=14), 3 S.
Jjaponicum infection group (n=16), 4 F. hepatica infection group (n=
37), 5 E. granulosus infection group (n=16), 6 T. solium infection
group (n=11), 7 egg-negative group (n=46)
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predicted by signalP analysis. All these results suggested that
CsCP mainly be synthesized in the intestinal epithelia, guided
by the signal peptide and secreted into the intestinal lumen or
released outside the parasite as one component of the ESPs of
C. sinensis. The ESPs of parasitic organisms are generally
considered to play important roles in host—parasite interac-
tions (Lightowlers and Rickard 1988). In C. sinensis, the ESPs
have been investigated for several decades with regard to their
antigenic and pathogenic functions and have been shown to be
highly sensitive and specific antigens for the diagnosis of
clonorchiasis (Choi et al. 2003; Zhao et al. 2004; Ju et al.
2009; Wang et al. 2011). CP has already been found in ESPs
of C. sinensis and some other helminths (Smooker et al.
2010). In addition, the results above revealed that CsCP was
a component of ESPs, and CsCP could react with C. sinensis-
infected rat serum. In ELISA results, rats injected with recom-
binant CsCP developed high antibody titers. These results
collectively showed that CsCP might be a potential candidate
for clonorchiasis serodiagnosis as a component of ESPs with
antigenicity and immunogenicity. In multicellular parasites
such as trematodes, the intestine is a major source of secreted
proteases and also a place for nutrition digestion and absorp-
tion. According to results of immunolocalization in adult
worms, it is reasonable to conclude that CsCP might be
involved in digestion of host protein and nutrient uptake for
this parasite itself. In real-time PCR experiments, CsCP tran-
scripts were detected at the life stages of egg, metacercaria,
excysted juvenile and adult worm. As a secreted protease,
these observations suggested that CsCP may play an impor-
tant role in the biology of this parasite.

The immune interactions between parasites and hosts
during parasites invasion are extremely complex and likely
triggered both humoral and cell-mediated immune response
(Wynn and Hoffmann 2000). As immunoglobulin mole-
cules, IgG2 responded to antigens of parasite surface glyco-
proteins (Schur 1987). Low IgG2 titer in our study might
due to lack of glycosylation sites on the rCsCP. In S. japo-
nicum, there was evidence that 1gG4 was related to the
susceptive status of the host (Hagan et al. 1991). In C.
sinensis, however, antibody titer of rCsCP-specific 1gG4
was low to detect, the weak response of rCsCP-specific
IgG4 implied that rCsCP might involved in resistance of
C. sinensis infection. Generally, IgG1 and IgG3 have func-
tional activity of opsonization, cell-dependent cytotoxicity,
and the ability to activate the classical complement pathway
thus be involved in host resistance to parasites infection.
Our results revealed that the levels of IgG1 and IgG3 were
higher than those in the other subgroups. It is reasonable to
speculate that CsCP might take part in resistant mechanism
during C. sinensis infection. Furthermore, the level of IgG1
was the most significant in sera of patients comparing with
that of healthy people (¥=3.667, p=0.002). Therefore, IgG1
may be more promising than other IgG subgroups in
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clonorchiasis serodiagnosis. Before the evaluation of applica-
tion, the optimal concentration of coating antigen and dilution
of serum samples were determined by checker board titration,
and the cut-off value was evaluated by receiver operating
characteristic (ROC) curve. Then IgG1l was chosen as the
optimal detection index by IgG isotypes detecting. At last,
188 human sera were used to test the serodiagnosis value with
rCsCP. The sensitivities of the test using CsCP antigen was
86.96%. The specificity of this test was analyzed by measur-
ing the reactivity of sera from 48 healthy people and 94
patients infected with other parasites. Cross-reactivity with
parasites sharing similar antigens reduce the specificity of
the serological test (Bruneau and Bonin 1983). Regarding less
similarity about the amino acid sequences between CsCP and
other parasites, cross reactions may result from the common
conformational epitopes and conserved domain that displayed
in sequence analysis.

In conclusion, a gene encoding CsCP was cloned,
expressed and characterized. We first discovered that CsCP
was localized in oral sucker and tegument of cercaria, indi-
cating that CsCP may take part in the process of cercaria
penetrating into the second intermediate host. Furthermore,
the value of its serodiagnosis in clonorchiasis was assessed.
Our research implied that rCsCP could be a candidate for
serodiagnosis of clonorchiasis. Further investigations are
required to improve the sensitivity and specificity rates.
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