
S

P

C
K
H

a

b

P
c

d

e

a

A
R
R
2
A

K
E
P
P
B
H

p
E
i
a
e
h
fi
t
k
a
d
a
fl
t
r
m

B

h
0

Veterinary Parasitology 218 (2016) 43–45

Contents lists available at ScienceDirect

Veterinary  Parasitology

jou rn al h om epage: www.elsev ier .com/ locate /vetpar

hort  communication

roteomics  analysis  of  Echinococcus  granulosus  protoscolex  stage

hristian  Hidalgoa,  María  Pía  Garcíaa,  Caroll  Stoorea,  Juan  Pablo  Ramíreza,
arina  Mariante  Monteirob,  Ulf  Hellmanc,  Arnaldo  Zahab,
enrique  Bunselmeyer  Ferreirab,  Norbel  Galantid, Eduardo  Landerere,  Rodolfo  Paredesa,∗

Escuela de Medicina Veterinaria, Facultad de Ecologia y Recursos Naturales, Universidad Andres Bello, Santiago, Chile
Laboratório de Genômica Estrutural e Funcional and Laboratório de Biologia Molecular de Cestódeos, Universidade Federal do Rio Grande do Sul (UFRGS),
orto  Alegre, RS, Brazil
Ludwig Institute for Cancer Research Ltd., Uppsala University, Biomedical Center, Uppsala, Sweden
Programa de Biología Celular y Molecular, Instituto de Ciencias Biomédicas, Facultad de Medicina, Universidad de Chile, Santiago, Chile
Escuela de Medicina, Facultad de Medicina, Universidad Andres Bello, Santiago, Chile

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 24 February 2015
eceived in revised form
4 December 2015
ccepted 27 December 2015

a  b  s  t  r  a  c  t

Echinococcus  granulosus  protoscolex  proteins  were  separated  using  two-dimensional  electrophoresis  and
then identified  using  mass  spectrometry;  we identified  61 proteins,  28  which  are  newly described  of
which  4 could  be involved  in hydatid  cyst  fertility  molecular  mechanisms.

©  2016  Elsevier  B.V.  All  rights  reserved.
eywords:
chinococcus granulosus
roteome
rotoscolex
ovine

ydatid cyst fertility

Hydatidosis, also known as Cystic Echinococcosis (CE), is a
arasitic disease caused by the metacestode of the flatworm
chinococcus granulosus.  This parasite has a complex life cycle
nvolving a definitive carnivore host (most commonly dogs) and
n intermediate mammalian host (cattle, sheep, pigs, among oth-
rs). The adult worm resides in the small intestine of the definitive
ost, and shed both eggs and proglottids in the feces, contaminating
elds, watercourses, produce and the fur of the host. While grazing,
he intermediate hosts ingest eggs, and develop the metacestode
nown as hydatid cyst in the viscera (liver and lungs). Humans
re infected when drinking contaminated water, eating raw pro-
uce or by having a close relation with the definitive host (Mandal
nd Mandal, 2012). The metacestode is described as a unilocular
uid filled cyst comprised of 3 layers: the innermost layer is called

he germinal layer where the cellular component of the parasite
esides, the middle layer is the laminated layer an extracellular
atrix unique to the Echinococcus genus, and the outermost layer
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E-mail address: rparedes@unab.cl (R. Paredes).
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is the adventitial layer, formed by the host reaction to the parasite.
The germinal layer cells are responsible for secreting the laminated
layer, the hydatid fluid that fills the cyst and also differentiate to
the infective stage, a structure called protoscolex (PSC). When the
PSC is ingested by the definitive host, it evaginates and attaches to
the small intestine, completing the cycle (Siracusano et al., 2012).
The PSC is an ideal sample to analyze because it has three char-
acteristics: it is not directly infective to humans; it can be studied
with minimal host protein contamination and it can generate both
the adult worm and new hydatid cysts under appropriate condi-
tions. When studying the metacestode biology, the hydatid cysts
can be classified into two  groups: fertile and infertile cysts; the most
important difference being that the latter is unable to produce PSC.
The molecular mechanisms that explain the cause of cyst infertility
remain elusive (Riesle et al., 2014). We propose that studying the
PSC proteome using both two-dimensional electrophoresis (2D-E)
and mass spectrometry (MS) could generate valuable information
of proteins that have not previously been reported at this stage. By

routinely visiting local abattoirs, we obtained bovine lung hydatid
cysts with a diameter > 3 cm and in the laboratory. Under sterile
conditions, the cysts were processed as follows: using a disposable
surgical blade, the cyst was  opened and all the hydatid fluid was
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ig. 1. 2D-E of PSC protein extracts run on 13 cm pH 3–10 IPG strips in the first dim
ilver  nitrate. Both gels represent 2 different experiments with the same protein sa
o  61 proteins via MASCOT analysis. Proteins are identified with the correlative num

ollected. Cyst fertility was determined by both visual inspection
f the innermost layer of the cyst and by microscopic examina-
ion of the germinal layer. Cysts were considered fertile when PSC
ere present at microscopic examination. The germinal layer of

ertile cysts was washed with PBS to detach all the PSC; then were
hen transferred to a 50 mL  tube, where they were washed three
imes with PBS to remove dead PSC and germinal layer remnants.
he remaining PSC were transferred to a 1,5 mL  tube and solubi-
ized in 3 times the volume of a 2D-E lysis buffer, centrifuged at
7,000 × g, saving the supernatant and discarding the pellet. Pro-
ein quantity was measured with the Bradford assay. Isoelectric
ocusing (IEF) was performed on 13 cm immobilized pH gradient
trips, at ranges 3–10 and 4–7, loading 300 �g of total protein. Sec-
nd dimension was done in 20 × 20 cm SDS-PAGE and stained with
ilver nitrate. Once standardized, we manually excised 473 visi-
le spots from silver nitrate stained gels to perform MS.  Excised
el spots were placed in labeled tubes and processed at the Lud-
ig Institute for Cancer Research, Uppsala, Sweden, and at the

aboratório de Genômica Estrutural e Funcional, Centro de Biotec-
ologia, UFRGS, Porto Alegre, RS, Brazil. MALDI-TOF–TOF analyses
ere performed on a Bruker Ultraflex III TOF/TOF mass spectrom-

ter, with Flex Control v3.3. Data analyses were made with Flex
nalysis v3.3 (Bruker Daltonik GmbH); MS/MS  analyses were made
ith Biotools v3.0 (BrukerDaltonik GmbH). PMF  data were evalu-

ted against databases using MASCOT software v. 2.3. Ninety spots
ere matched with a total of 61 unique proteins; all of them from

he genus Echinococcus; 59 specific to E. granulosus,  whereas 2 pro-
eins were matched to Echinococcus multilocularis.  Experimental pI
nd molecular masses were paired with the in silico data provided
y the MASCOT search; both excised and identified proteins were
arked with circles. From these spots, 41 proteins were identi-

ed in a single spot each, and the other 20 proteins appeared in

ore than one spot. Proteins identified this way were grouped

sing Blast2Go Software according to molecular function, cellular
omponent or biological process; most molecular functions being
rotein binding (14 proteins) and heterocyclic compound binding
n followed by the second dimension on a 12% SDS-PAGE maxigel and stained with
 A total of 473 spots were excised, from these, 90 spots were successfully matched
n Supplementary Table 1.

(12 proteins). In the cellular component analysis, most proteins
identified were classified as being structural proteins (19 proteins).
The spot analyzed are shown in Fig. 1 and protein identification is
provided as a Supplementary Table 1. The use of 2D-E associated
with mass spectrometry has been widely used to identify both host
and parasite proteins. Monteiro et al. (2010) identified 215 PSC pro-
tein spots from 2-DE gels in two diferente pH ranges. More recently,
Cui et al. (2013) used in tandem with liquid chromatography mass
spectrometry and identified 1588 PSC proteins. Li and Zhao (2012)
have also published data of E. granulosus PSC proteins and have
identified 233 new proteins, using the same approach. During the
course of this research, the genome of E. granulosus was  published
by two groups (Tsai et al., 2013; Zheng et al., 2013), and with the
new data added to public databases, many PMF data that matched
other helminthes now matches E. granulosus instead, greatly refin-
ing our results. However, there is still mass spectrometry data from
412 spots that has no match with proteins in different databases.
Four of these proteins were already described in the Echinococcus
genus but not at this particular stage, like SOD in the cyst wall (Feng
et al., 1995) and 14-3-3 proteins as excretory secretory products
(Virginio et al., 2012). Nevertheless, the protein identified in PSC is a
different isoform. Recently, four 14-3-3 protein isoforms have been
previously detected in different E. granulosus metacestode com-
ponents, including in protoscoleces (Teichmann et al., 2015) and
ubiquitin was  previously described in another cestode (Zhang et al.,
2010). Two proteins are found in Schistosoma mansoni, the major
egg antigen p40 is very well described in this trematode (Stadecker
and Hernandez, 1998), and nucleoside diphosphate kinase is also
described, but to a lesser extent (Marques Ide et al., 2012). Two pro-
teins are described in nematodes; Prostaglandin H2 D isomerase
(PTGDS) has been described in Onchocerca volvulus (Perbandt et al.,
2008), and inorganic pyrophosphatase in ascaris (Islam et al., 2003).

Eight proteins are described in parasitic protozoa, Ndr (Hergovich
et al., 2006), Tubulin beta 2C chain (Kumar et al., 2010), 6 phospho-
gluconolactonase (Jortzik et al., 2011), GDP L fucose synthase (Sanz
et al., 2013), protein DJ 1 (Hall et al., 2011), eukaryotic translation
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Zheng, H., Zhang, W.,  Zhang, L., Zhang, Z., Li, J., Lu, G., Zhu, Y., Wang, Y., Huang, Y.,
Liu, J., Kang, H., Chen, J., Wang, L., Chen, A., Yu, S., Gao, Z., Jin, L., Gu,  W.,  Wang,
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McManus, D.P., Chen, Z., Zhou, Y., Wang, S., 2013. The genome of the hydatid
tapeworm Echinococcus granulosus. Nat. Genet. 45, 1168–1175.
C. Hidalgo et al. / Veterinar

nitiation factor 5A (Carvajal-Gamez et al., 2011), annexin a7 (Lang
t al., 2009) and FK506-binding protein-like protein, which has a
romising role as a therapeutical target (Bell et al., 2006). There are
1 proteins that are not described in parasites of any kind. Of these
roteins, some could be potentially involved either in the evasion of
he immune system or in the mechanisms underlying the hydatid
yst fertility. Special attention should be directed towards pro-
eins identified in the 30, 40, 57, 62 and 69 kDa molecular weights.
ndeed, we previously described that PSC proteins of these molec-
lar weights could be associated with cyst fertility mechanisms
Paredes et al., 2011); at the 30 kDa mark, we identified the pro-
ibitin protein WPH, which is prevalent in the mitochondria and
ighly conserved in evolution. However, its biological function is
nclear (Chen et al., 2015). At the 40 kDa mark we identified a
uclear DBF2-related kinase (Ndr), which has been described in
arasites as an essential enzyme, its depletion disrupts cytokinesis,

eading to cell cycle deregulation and cell death (Ma  et al., 2010);
his could be a potential candidate for the host immune response
n infertile cysts. We  were unable to identify proteins at the precise

olecular weight between the 57 and 69 kDa range. In summary,
he method used in this work allows for the study of highly puri-
ed E. granulosus proteins with minimal contamination from host
roteins. The use of 2D-E + Mass Spectrometry enabled us to iden-
ify 61 PSC proteins, 28 of them were not described before at this
tage and generates new data in the characterization of the proteins
xpressed in PSC, providing further insight into the physiology of
his parasite. Further studies in both the function and molecular
athways of these proteins could generate the information for new
herapeutic targets and understanding the mechanisms involved
n cyst fertility. The approach presented in this work could also be
sed to study the proteins expressed in other compartments of the
ydatid cyst, such as the germinal and laminated layers.
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