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Abstract

Two putative serpin genes were identified in FEchinococcus multilocularis, in
addition to the already reported serpinEmu, and were designated as serpin2Emu
and serpin3Emu. Western blot analysis using polyclonal antibodies against
serpinEmu, putative serpin2Emu protein, and putative serpin3Emu protein
indicated that all three proteins were localized in both intracellular and
excretory-secretory (ES) fractions of E. multilocularis metacestodes. In addition,
immune staining of parasite tissue indicated that all three proteins were localized

at the germinal layer.

Keywords
Alveolar echinococcosis, FEchinococcus multilocularis, Serine protease inhibitor,

Metacestode

1. Introduction

Alveolar echinococcosis (AE) is a zoonotic infectious disease caused by the
larval stage of the cestode KEchinococcus multilocularis. In humans, metacestodes
develop asexually like a tumor, mainly in the liver (Eckert and Deplazes, 2004). The
mechanisms underlying infiltration into host tissue and immune evasion by larval
stage parasites have been unknown.

Serine protease inhibitor (serpins) family proteins play diverse roles in the
regulation of various biological functions such as cell development, and
inflammation as well as function in the complement system (Gettins, 2002). The

serpin family proteins are characterized by the presence of a single protein motif
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75

termed the “reactive center loop” (RCL), and posess an inhibitory activity against
serine proteases by an irreversible “suicide” mechanism (Gettins, 2002). A number
of serpins have been identified in parasitic helminthes, suggesting their putative
involvement in host immune regulation and parasite survival (Molehin et al., 2012).

An FE. multilocularis serpin orthologue, oncospheral serpinEmu, and its
inhibitory activity on elastase, plasmin, and trypsin have been reported
(Merckelbach et al., 2003; Merckelbach and Ruppel, 2007). In the present study, we
attempted to identify new genes of the serpin family in £ multilocularis using

genome and gene data sets.

2. Materials and methods

2.1. Parasites and animals

E. multilocularis were maintained using mice (5-week-old female BALB/c,
Japan SLC, Shizuoka, Japan). Female rabbits (Japanese white, Japan SLC,
Shizuoka, Japan) of 8 weeks old were used for antibody production. We performed
all experiments in accordance with the ethical guidelines for animal experiments in

Asahikawa Medical University.

2.2. Identification and cloning of £. multilocularis serpin genes

We searched for orthologues of serpin genes within the gene data sets of £.

multilocularis (Tsai et al.,, 2013, http://www.sanger.ac.uk) using tBLASTn. The

amino acid sequences of serpin family, Mus musculus al-antitrypsin (NCBI Ref. Seq.
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No. NP_001239498.1), antithrombin III (NP_543120.1), Caenorhabiditis elegans
SeRPin (NP_503315.1), Schistosoma mansoni Contrapsin (GenBank Acc. No. CCD
60352.1, Modha and Doenhoff, 1994), and the already reported E. multilocularis
serpinEmu (CAD12372.2) were used for queries. Geneious 8. 1. 3 (Biomatters,
Auckland, New Zealand) was employed for genetic analysis. The detection of the
conserved domains, transmembrane domains, and signal sequences were performed
using NCBI conserved domain database (Marchler-Bauer et al., 2015), TMHMM v.
2.0 (Krogh et al., 2001), and SignalP 4.1 (Petersen et al., 2011), respectively.

Total RNA isolation and ¢cDNA synthesis were performed using the RNeasy
Mini Kit (Qiagen, Hilden, Germany) and the GeneRacer Kit (Thermo Fisher
Scientific, MA, USA), respectively. The full-length coding sequences (CDSs) of
serpin genes were amplified by PCR using Q5 High-Fidelity DNA Polymerase (New
England Biolabs, MA, USA). Primer sets were designed for amplification of three
genes: serpinEmu-F and R (5-ATGTTTGCCAAAACTAGCTTCATTCC-3' and
5-CTACTTGGATTCGGGGTGAACAACA-3), serpin2Emu-F or serpin2Emub-F and
R (5"-ATGTTCATGGTACTTGTGGCCCA-3' or
5-ATGTTCATGGTACTTGTGGCCCAAAA-3 and
5" TTAGCGAGGATCAGCAATACGAGC-3), and serpin3Emu-F and R
(5'-"ATGATTCCTCAACGTTTGAAGGAC-3' and
5-TCAGTTAATGGCGGGCAGTTT-3). The PCR products were cloned into pGEM-T
(Promega, WI, USA) vector, and sequencing was conducted using the BigDye
Terminator v3.1 cycle sequencing kit and ABI genetic analyzer 3500 (Thermo Fisher

Scientific, MA, USA).

2.3. Sequence alignment and phylogenetic analysis
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The alignment of amino acid sequences of serpins in E. multilocularis and
other parasites was constructed using ClustalW. Following sequences were used;
Brugia malayi Bmserpin-1 (GenBank Acc. No. AAB42377.1, Yenbutr and Scott,
1995), Bmserpin-2 (AAB65744.1, Zang et al.,, 2000), Haemonchus contortus
Hc-serpin (ACP43576.1, Yi et al., 2010), Clonorchis sinensis CsSERPIN
(ABR68547.1, Kang et al., 2010), CsSERPIN2 (AHZ96593.1, Lei et al., 2013),
CsproSERPIN (ADI60059.1 Yang et al., 2009), Paragonimus westermani
PwSERPIN (ABV57466.1, Hwang et al., 2009), S. mansoni Contrapsin, Smpi56
(CCD60349.1, Ghendler et al., 1994), Sm_SerpC (CCD74817.1, Curwen et al., 2006),
Smp_062080 (CCD60354.1, Harrop et al., 2000), S. japonicum Sj_serpin
(AAA50230.1, Yan et al., 2005), SjB10 (AAG45932.1, Molehin et al., 2014), and S.
haematobium Sh_serpin (AAA19730.3, Blanton et al., 1994). We used the

neighbor-joining method for constructing the phylogenetic tree with MEGAG6.

2.4. Antibody production

Histidine tag-fusion serpins were constructed using pET28a (+) vector (Merck
Millipore, Darmstadt, Germany). The recombinant proteins were then expressed by
Escherichia coli BL21 (DE3) (New England Biolabs, MA, USA). The codon usage
optimization for E. coli by OptimumGene™ (GenScript, NJ, USA) led recombinant
putative serpin2Emu (r-serpin2Emu) to successful expression. The recombinant
proteins were purified using TALON Metal Affinity Resin (Clontech, CA, USA). 2M
urea was used for solubilization of r-serpin2Emu and recombinant putative

serpin3Emu (r-serpin3Emu). Rabbits were immunized using each recombinant
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protein. Antibodies were purified with HiTrap protein G HP Columns (GE
Healthcare, Buckinghamshire, UK). To avoid the cross reactions caused by the
antibodies against the N-terminal region of recombinant proteins, antibodies were
absorbed by recombinant E. multilocularis 18 kDa antigen (Sako et al., 2002)

expressed by pET28 a (+) vector.

2.5. Western blotting

The ES proteins were collected by incubation of homogenized parasites in
serum-free Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma Aldrich, St. Louis,
USA) at 37 °C in 5% CO2 overnight. The intracellular soluble proteins were
prepared by sonication of parasites in serum-free DMEM followed by centrifugation
and collection of supernatant.

SDS-PAGE and western blotting of ES and intracellular soluble proteins were
conducted as described by Sako et al. (2002) in individual gels under reducing
conditions. The antibodies against three recombinant proteins were diluted in 1%
casein in PBST (250 ng/mL), and used as the primary antibodies. Pre-immune
rabbit sera (1:100 dilution) were used as negative controls. The alkaline
phosphatase-conjugated anti-rabbit IgG (1:20000 dilution, Abcam, Cambridge, UK)

was used as the secondary antibody.

2.6. Immunostaining

Deparaffinized parasite tissue sections were treated with 3% H202, and

blocked by 5% bovine serum albumin (BSA) in PBS. The slides were incubated for 2
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h with each rabbit antibody diluted in 1% BSA in PBS (1 pg/mL). Pre-immune
rabbit sera (1:100 dilution) were used as negative controls. The HRP-conjugated
anti-rabbit IgG (1:1000 dilution, Abcam, Cambridge, UK) was used as the secondary
antibody. Detection was conducted with Takara DAB substrate (Takara, Shiga,

Japan). Each of the sections was counterstained with hematoxylin.

3. Results

In this study, four £. multilocularis serpin genes were identified from genome
and gene data sets. Of these four genes, Emud_001193100.1 was identical to the
already reported serpinEmu (Merckelbach et al., 2003). SerpinEmu gene had a
duplicated gene (Emud_001193200.1) with only 1 bp difference, resulting in a
substitution of 344L to 344R. In addition, we identified two putative serpin genes,
Emud_000824000.1 and Emud_000824100.1.

SerpinEmu was cloned and this clone was used for the following analyses. And
the 5'-term alternative splicing variant of the Emud_000824000.1 was cloned, and
was designated as “putative serpinZ2Emu (GenBank Acc. No. LC148049).
Emud_000824000.1 CDS was also cloned, and designated it as “putative
serpin2Emu-b (LC148050).” We cloned Emud_000824100.1 and designated it as
“putative serpin3Emu (LC148050).”

The signal sequence and transmembrane domain were not detected in all
putative serpins. The serpin-specific RCL was detected from C-termini of them. As a
result of phylogenetic analysis, tree indicated two major groups. SerpinEmu fall
into Group A, in contrast, putative serpin2Emu and serpin3Emu fall into group B

(Fig. 1.
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Both r-serpinEmu and r-serpin2 Emu were expressed as 47 kDa proteins, and
r-serpindBEmu was expressed as 50 kDa, and cross reactivity among three
antibodies was not observed (data not shown). We detected a 42 kDa band of native
serpinEmu in intracellular fraction. In addition, a 55 kDa (Fig 2, white arrow) band
and a weak 42 kDa band of serpinEmu were detected in the ES fraction (Fig 2,
white arrowhead). In contrast, putative serpin2Emu and serpin3Emu proteins were
detected in both ES and intracellular proteins as broad 50—-60 kDa bands; of a
larger size compared to the predicted size (Fig. 2, brackets). In addition, a smaller
size bands than predicted (42 kDa and 45 kDa) of serpin2Emu and serpin3Emu
were detected in the ES fraction (Fig. 2, black arrowheads).

SerpinEmu and serpin3Emu was detected in the germinal layer and the
protoscolices (Fig. 3B and D, black and white arrows, respectively) of metacestodes.
Serpin2Emu was detected at the germinal layer (Fig. 3C, black arrow). In addition,
strong serpin2Emu expression was observed in the calcareous corpuscles (Fig. 3C,

white arrowheads).

4. Discussion

Serpins of parasitic helminthes are classified into secretory and intracellular
categories (Molehin et al., 2012). We detected serpinEmu in the metacestode ES and
intracellular soluble fractions as a 42 kDa band. In addition, we detected a 42 kDa
band of putative serpin2 Emu and a 45 kDa band of putative serpin3Emu in the ES
fraction. These main 42-45 kDa bands are supposed to be intact proteins. In
addition, anti-r-serpinEmu antibodies recognized a 55 kDa protein in ES proteins,

which was larger than the intact serpinEmu. Anti-r-serpin2Emu and
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anti-r-serpin3Emu antibodies also recognized 50-65 kDa proteins in the ES and
intracellular fractions. The inhibition of protease by serpin represents kinetic
trapping, and the trapped complex is covalent and irreversible (Gettins, 2002). The
larger bands recognized by antibodies against each serpin might represent the
complex of serpins and their target proteins. In addition, it is reported that the
conformational disorder of the protease—inhibitor complex causes a disruption by
other enzymes (Gettins, 2002). Anti-r-serpin2Emu and anti-r-serpin3Emu
antibodies recognized smeared bands; in addition each polyclonal antibody
recognized several smaller bands of less than the expected size, which were
supposed to be disrupted complexes.

All the three serpins were expressed in the germinal layer. In addition, strong
expression of putative serpin2Emu protein in the calcareous corpuscles was
observed. The various roles of calcareous corpuscles for the survival of cestodes have
been discussed (Vargas-Parada and Laclette, 1999). The putative serpin2Emu
might contribute to any function of calcareous corpuscles.

In conclusion, we identified putative serpin2Emu and serpin3Emu genes, and
demonstrated the secretion of these gene products from metacestodes. Further
analysis regarding functions and binding target molecules of these proteins is

needed.

Acknowledgement

The authors gratefully acknowledge Dr. Minoru Nakao for helpful discussions

and technical advice. This work was supported by JSPS Grant-in Aid for Scientific

Research (no. 15K19083) and Grant in aid for Innovative Research in Life Science


http://www.ncbi.nlm.nih.gov/pubmed/?term=Gettins%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=12475206
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gettins%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=12475206
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vargas-Parada%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10932772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laclette%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10932772

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

10

from Asahikawa Medical University.

References

Blanton, R.E., Licate, L..S., Aman, R.A., 1994. Characterization of a native and
recombinant Schistosoma haematobium serine protease inhibitor gene product. Mol.

Biochem. Parasitol. 63, 1-11.

Curwen, R.S., Ashton, P.D., Sundaralingam, S., Wilson, R.A., 2006. Identification of
novel proteases and immunomodulators in the secretions of schistosome cercariae

that facilitate host entry. Mol. Cell Proteomics 5, 835—-844.

Eckert, J., Deplazes, P., 2004. Biological, epidemiological, and clinical aspects of

echinococcosis, a zoonosis of increasing concern. Clin. Microbiol. Rev. 17, 107-135.

Gettins, P.G., 2002. Serpin structure, mechanism, and function. Chem. Rev. 102,

4751-4804.

Ghendler, Y., Arnon, R., Fishelson, Z., 1994. Schistosoma mansoni: isolation and
characterization of Smpi56, a novel serine protease inhibitor. Exp. Parasitol. 78,

121-131.

Hwang, J.H., Lee, W.G., Na, B.K., Lee, HW., Cho, S.H.,, Kim, T.S., 2009.
Identification and characterization of a serine protease inhibitor of Paragonimus

westermani. Parasitol. Res. 104, 495-501.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Blanton%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=8183308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Licate%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=8183308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aman%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=8183308
http://www.ncbi.nlm.nih.gov/pubmed/?term=Curwen%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=16469760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ashton%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=16469760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sundaralingam%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16469760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=16469760
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eckert%20J%5BAuthor%5D&cauthor=true&cauthor_uid=14726458
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deplazes%20P%5BAuthor%5D&cauthor=true&cauthor_uid=14726458
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gettins%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=12475206
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghendler%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=8119369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arnon%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8119369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fishelson%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=8119369
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=18925417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=18925417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Na%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=18925417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=18925417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=18925417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=18925417

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

11

Kang, J.M., Sohn, W.M., Ju, J.W., Kim, T.S., Na, B.K., 2010. Identification and
characterization of a serine protease inhibitor of Clonorchis sinensis. Acta Trop. 116,

134-140.

Krogh, A., Larsson, B., von Heijne, G., Sonnhammer, E.L., 2001. Predicting
transmembrane protein topology with a hidden Markov model: application to

complete genomes. J. Mol. Biol. 305, 567—580.

Lei, H., Tian, Y., Chen, W., Wang, X., Li, X., Mao, Q., Sun, J., Li, R., Xu, Y., Liang,
C., Huang, Y., Yu, X., 2013. The biochemical and immunological characterization of

two serpins from Clonorchis sinensis. Mol. Biol. Rep. 40, 3977-3985.

Marchler-Bauer, A., Derbyshire, M.K., Gonzales, N.R., Lu, S., Chitsaz, F., Geer,
L.Y., Geer, R.C,, He, J., Gwadz, M., Hurwitz, D.I., Lanczycki, C.J., Lu, F., Marchler,
G.H., Song, J.S., Thanki, N., Wang, Z., Yamashita, R.A., Zhang, D., Zheng, C.,
Bryant, S.H., 2015. CDD: NCBI’s conserved domain database. Nucleic Acid Res. 43,

D222-D226.

Merckelbach, A., Ruppel, A., 2007. Biochemical properties of an intracellular serpin

from FEchinococcus multilocularis. Mol. Biochem. Parasitol. 156, 84—88.

Merckelbach, A., Wager, M., Lucius, R., 2003. Analysis of ¢cDNAs coding for
immunologically dominant antigens from an oncosphere-specific cDNA library of

Echinococcus multilocularis. Parasitol. Res. 90, 493-501.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=20603096
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sohn%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=20603096
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ju%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=20603096
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=20603096
http://www.ncbi.nlm.nih.gov/pubmed/?term=Na%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=20603096
http://www.ncbi.nlm.nih.gov/pubmed/?term=Krogh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=11152613
http://www.ncbi.nlm.nih.gov/pubmed/?term=Larsson%20B%5BAuthor%5D&cauthor=true&cauthor_uid=11152613
http://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Heijne%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11152613
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sonnhammer%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=11152613
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lei%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mao%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23275238
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marchler-Bauer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Derbyshire%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gonzales%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chitsaz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Geer%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Geer%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Geer%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gwadz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hurwitz%20DI%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lanczycki%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marchler%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marchler%20GH%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thanki%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamashita%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bryant%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=25414356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Merckelbach%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17727977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ruppel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17727977
http://www.ncbi.nlm.nih.gov/pubmed/?term=Merckelbach%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12827505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wager%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12827505
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lucius%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12827505

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

12

Modha, J., Doenhoff, M.dJ., 1994. Schistosoma mansoni host-parasite relationship:

interaction of contrapsin with adult worms. Parasitology 109, 487—495.

Molehin, A.J., Gobert, G.N., Driguez, P., McManus, D.P., 2014. Functional
characterization of SjB10, an intracellular serpin from Schistosoma japonicum.

Parasitology 141, 1746-1760.

Molehin, A.J., Gobert, G.N., McManus, D.P., 2012. Serine protease inhibitors of

parasitic helminths. Parasitology 139, 681-695.

Petersen, T.N., Brunak, S., von Heijne, G., Nielsen, H., 2011. SignalP 4.0:
discriminating signal peptides from transmembrane regions. Nat. Methods 8, 785—

786.

Sako, Y., Nakao, M., Nakaya, K., Yamasaki, H., Gottstein, B., Lightowers, M.W.,
Schantz, P.M., Ito, A., 2002. Alveolar echinococcosis: characterization of diagnostic
antigen Em18 and serological evaluation of recombinant Em18. J. Clin. Microbiol.

40, 2760-2765.

Tsai, I.J., Zarowiecki, M., Holroyd, N., Garciarrubio, A., Sanchez-Flores, A., Brooks,
K.L., Tracey, A., Bobes, R.J., Fragoso, G., Sciutto, E., Aslett, M., Beasley, H.,
Bennett, H.M., Cai, J., Camicia, F., Clark, R., Cucher, M., De Silva, N., Day, T.A.,
Deplazes, P., Estrada, K., Fernandez, C., Holland, P.W., Hou, J., Hu, S., Huckvale,

T., Hung, S.S., Kamenetzky, L., Keane, J.A., Kiss, F., Koziol, U., Lambert, O., Liu,


http://www.ncbi.nlm.nih.gov/pubmed/?term=Modha%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7800417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Doenhoff%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=7800417
http://www.ncbi.nlm.nih.gov/pubmed/?term=Molehin%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=25137634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gobert%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=25137634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Driguez%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25137634
http://www.ncbi.nlm.nih.gov/pubmed/?term=McManus%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=25137634
http://www.ncbi.nlm.nih.gov/pubmed/?term=Molehin%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=22310379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gobert%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=22310379
http://www.ncbi.nlm.nih.gov/pubmed/?term=McManus%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=22310379
http://www.ncbi.nlm.nih.gov/pubmed/?term=Petersen%20TN%5BAuthor%5D&cauthor=true&cauthor_uid=21959131
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brunak%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21959131
http://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Heijne%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21959131
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nielsen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21959131
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai%20IJ%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zarowiecki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holroyd%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garciarrubio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sanchez-Flores%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brooks%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tracey%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bobes%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fragoso%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sciutto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aslett%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beasley%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bennett%20HM%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Camicia%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cucher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Silva%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Day%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deplazes%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Estrada%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fern%C3%A1ndez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holland%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hou%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huckvale%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huckvale%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hung%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kamenetzky%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Keane%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kiss%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koziol%20U%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lambert%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23485966

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

13

K., Luo, X., Luo, Y., Macchiaroli, N., Nichol, S., Paps, J., Parkinson, J.,
Pouchkina-Stantcheva, N., Riddiford, N., Rosenzvit, M., Salinas, G., Wasmuth, J.D.,
Zamanian, M., Zheng, Y., Taenia solium Genome Consortium, Cai, X., Soberén, X.,
Olson, P.D., Laclette, J.P., Brehm, K., Berriman, M., 2013. The genomes of four

tapeworm species reveal adaptations to parasitism. Nature 496, 57—63.

Wellcome Trust Sanger

Institute, http://www.sanger.ac.uk/resources/downloads/helminths/echinococcus-mu

Itilocularis.html, accessed November 20th, 2016.

Vargas-Parada, L., Laclette, J.P., 1999. Role of the calcareous corpuscles in cestode

physiology: a review. Rev. Latinoam. Microbiol. 41, 303-307.

Yang, Y., Hu, D., Wang, L., Liang, C., Hu, X., Wang, X., Chen, J., Xu, J., Yu, X,,
2009. Molecular cloning and characterization of a novel serpin gene of Clonorchis
sinensis, highly expressed in the stage of metacercaria. Parasitol. Res. 106, 221—

225.

Yan, Y., Liu, S., Song, G., Xu, Y., Dissous, C., 2005. Characterization of a novel
vaccine candidate and serine proteinase inhibitor from Schistosoma japonicum (Sj

serpin). Vet. Parasitol. 131, 53—60.

Yenbutr, P., Scott, A.L., 1995. Molecular cloning of a serine proteinase inhibitor

from Brugia malayi. Infect. Immun. 63, 1745-1753.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Luo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Macchiaroli%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nichol%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Paps%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Parkinson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pouchkina-Stantcheva%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Riddiford%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenzvit%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salinas%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wasmuth%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zamanian%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taenia%20solium%20Genome%20Consortium%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sober%C3%B3n%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Olson%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laclette%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brehm%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berriman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23485966
http://www.sanger.ac.uk/resources/downloads/helminths/echinococcus-multilocularis.html
http://www.sanger.ac.uk/resources/downloads/helminths/echinococcus-multilocularis.html
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vargas-Parada%20L%5BAuthor%5D&cauthor=true&cauthor_uid=10932772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laclette%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=10932772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=19859738
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15946799
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15946799
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15946799
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15946799
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dissous%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15946799
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yenbutr%20P%5BAuthor%5D&cauthor=true&cauthor_uid=7729881
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scott%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=7729881

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

14

Yi, D.,, Xu, L., Yan, R., Li, X., 2010. Haemonchus contortus: cloning and

characterization of serpin. Exp. Parasitol. 125, 363—370.

Zang, X., Atmadja, A.K., Gray, P., Allen, J.E., Gray, C.A., Lawrence, R.A.,,
Yazdanbakhsh, M., Maizels, R.M., 2000. The serpin secreted by Brugia malayi
microfilariae, Bm-SPN-2, elicits strong, but short-lived, immune responses in mice

and humans. J. Immunol. 165, 5161-5169.

Figure captions

Fig. 1. Phylogenetic tree of the amino acid sequences of serpins from Fchinococcus

multilocularis and other parasitic helminthes.

Fig. 2. Western blotting using antibodies against three Echinococcus multilocularis
serpins. ES and intracellular soluble proteins were probed with pre-immune rabbit
sera (lanes 1, 3, and 5), anti-r-serpinEmu antibody (lane 2), anti-r-serpin2Emu
antibody (lane 4), and anti-r-serpin3Emu antibody (lane 6). White arrowheads: a 42
kDa of serpinEmu; white arrow: a 55 kDa of serpinEmu; black arrowheads: the
smaller size bands of serpin2Emu and serpin3Emu; brackets: the 50-60 kDa of

serpin2Emu and serpin3Emu.

Fig. 3. Immunostaining of metacestodes using antibodies against three
Echinococcus multilocularis serpins. Pre-immune rabbit sera (A), anti-r-serpinEmu

antibody (B), anti-r-serpin2Emu antibody (C), and anti-r-serpin3Emu antibody (D)
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351 were used as first antibodies. Black arrows: germinal layer; white arrows:

352  protoscolices; white arrowheads: calcareous corpuscles. Bar, 50 pm.
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Highlights

1. We identified two new putative serpin genes in Echinococcus multilocularis.

2. Putative serpin proteins were localized both intracellularly and in ES fraction.

3. All three serpins were expressed in metacestodes, and their localizations differed.
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