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Abstract Antigen 5 (Ag5) has been identified as a domi-
nant component of cyst fluid of Echinococcus granulosus
and is considered as a member of serine proteases family,
which in other helminth, plays an important role in the egg
hatch and larva invasion. However, whether Ag5 is
expressed and secreted in all life stages is unknown. In this
study, according to the sequence in GenBank, we cloned
and sequenced the open reading frame (ORF) of Ag5
gene from the protoscolices of E. granulosus isolated
from the sheep in Qinhai Province of China, and found
several substitutions and a base insert and deletion in a
short region near the stop code, leading to a frameshift
mutation which is conserved with the homologue of
other cestode. The ORF is 1,455 bp in length, encoding
484 amino acids with a secretory signal peptide. Bioin-
formatics analysis predicted several phosphorylation and

myristoylation sites and a N-glycosylation site and a
species-specific linear B epitope in the protein. The ORF
was cloned into the plasmid pET28a(+) vector and
expressed in Escherichia coli . The recombinant protein
was purified by affinity chromatography. Anti-rEgAg5
antiserum was prepared in rats and used to analyze the
localization of Ag5 in protoscolex and adult worm by
immunofluorescence technique. Results demonstrated that the
Ag5 is strongly expressed in the tegument of protoscolex
and the embryonic membrane of egg and surface of
oncosphere; meanwhile, it is also weakly expressed in
tegument of the adult. This study showed that Ag5 is
expressed in all stages of life cycle, secreted from the surface
of the worm and may be anchored in membrane by its myr-
istoylation sites; these characteristics make it a candidate
antigen for diagnosis and vaccine for both intermediate and
definitive hosts.

Introduction

Cystic echinococcosis (CE) is one of the most important
parasitic zoonotic diseases caused by metacestodes of the
tapeworm Echinococcus granulosus which brings great
economic losses and disease burden in endemic region
(Nasrieh et al. 2003). It distributes globally, particularly
highly prevalent in the northwestern regions of China,
where there are about 70 million population in danger
and 0.6–1.3 million existing cases of human echinoco-
cosis with more than several billion Yuan of the annual
economic loss in husbandry (Bart et al. 2006; Kia et al.
2010; Neghina et al. 2011; Raether and Hanel 2003;
Varcasia et al. 2008; Wang et al. 2008). Cystic hydatid
disease is an important public health problem that hampers the
social development of these endemic areas.
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At present, except for health education and regular
helminthicide for dogs, the prevention and control of
human hydatid diseases mainly depend on chemotherapy
for early infected patients and surgical treatment for the
later patients (Ceballos et al. 2008; Craig and Larrieu
2006; Heath et al. 2006; Jamshidi et al. 2008). The
Earlier diagnosed, the easier and more effective is che-
motherapy, and the less is disease burden (Urrea-Paris et
al. 1999, 2002). Therefore, early diagnosis is crucial for
the treatment of hydatid patients; however, the early
diagnosis is still a problem because the small cyst is
difficult to be confirmed by imaging diagnosis. Immuno-
logical methods give us great wish, but none is certain
for diagnosis of early active infection of E. granulosus
(Gonlugur et al. 2005; Kalantari et al. 2010; Tawfeek et
al. 2011; Wen et al. 2010). The key for prevention of
hydatid disease is controlling infection of the intermedi-
ate host, livestock, and the definitive host, dog, because
they mainly constitute the life cycle. Regular monthly
administration of anthelminthic agents for dogs in endemic
area is an effective but difficult task, and the drug treat-
ment for livestock is more difficult and seldom enforced
for its high cost. Therefore, vaccine for livestock bears
the wish for prevention and control of animal hydatid
disease (Torgerson 2009).

No matter for immunodiagnosis and vaccine, antigen
screening is the bottleneck. Therefore, at present, identi-
fying discrete antigen that could provide more sensitive
and specific serological test and protective immunity has
always being the focus of the studies on E. granulosus.
Hydatid cyst fluid (HCF) has being applied as serologi-
cal diagnostic antigen for a long time; however, the HCF
is a complex of multiple antigens, including some com-
mon antigens of other helminthes which produce cross-
reactions or non-specific reactions (Al-Yaman and Kno-
bloch 1989; Poretti et al. 1999; Shepherd and McManus
1987; Wellinghausen and Kern 2001).

Among the E. granulosus antigens, antigen 5 (Ag5) is
identified as one of the predominant component of HCF and
a Con A binding lipoprotein with molecular weight of
approximately 67 kDa, and is composed of two subunits
of 38 and 22 kDa linked by disulfide bond. Different im-
munological techniques have been used to purify native Ag5
and the two subunits were isolated from the HCF for appli-
cation in serodiagnosis of hydatid disease (Zhang et al.
1995). The two subunits are different in immunological
characteristics. In cystic echinococcosis patients, the major
antibody classes against Ag5 are IgG1, IgG4, and IgE. The
IgG1 is of 100% sensitivity, but only of 70% specificity; the
IgG4 is less sensitive, but of more specificity; the IgE is of
100% specificity and of 70% sensitivity. The IgG1 is against
38-kDa subunit and the IgG4 and IgE is against the 20-kDa
subunit. The phosphorylcholine bound to the 38-kDa

subunit has been shown to be related to part of the cross-
reactivity (Khabiri et al. 2006). Thus, the prokaryotic
expressed recombinant protein may have a better perfor-
mance in diagnosis for it will reduce the cross-reaction for
its lacking the lipid modification.

The C-terminal 38-kDa subunit is closely related to trypsin
of the serine protease family (Lorenzo et al. 2003). Helminth
serine protease plays an important role in the eggs hatching
and larvae invasion and is a potential vaccine candidate (Dzik
2006; Young et al. 1999). However, up to date, whether Ag5 is
expressed in the two infective stages—protoscolex and egg is
still unknown. EgAg5 has significant homology with the
Trypsin-like protein of Taenia solium which exists in the
excretory/secretory (E/S) antigens of oncosphere of T. solium
and shows high level of activity in serine proteases (Zimic et
al. 2007); therefore, we guess EgAg5 is also expressed in
oncosphere or egg of E. granulosus.

The aim of this study is to clarify whether EgAg5 is
expressed and localized in the surface of protoscolex and
egg through immunohistochemistry. This article will de-
scribe the cloning, expression, identification, and localization
of EgAg5.

Material and method

EgAg5 gene amplification and sequencing

Eg Ag5 gene was amplified from mRNA extracted from E.
granulosus protoscolexes which were isolated from sheep in
Qinghai Province of China and stored in liquid nitrogen by
reverse transcript polymerase chain reaction (RT-PCR) using
forward primer: AAAGGATCCGGCTTG GAGCT
CACTCTCG and reverse primer: GCCAAGCTTGCTA
TATGGTAGCCTTTCGG which are designed basing on the
sequence in GenBank (Access No:AY052477). PCR reaction
consisted of 30 cycles of 94°C for 1min, annealing at 60°C for
1 min, and 72°C for 1 min. The purified product of PCR was
cloned in pCR2.1vector and transformed into DH5α. The
recombinant positive clone was picked up and sequenced.

Bioinformatics analysis

The EgAg5 sequence was compared with other homologues
in GenBank by Blastx, its physicochemical properties were
predicted by the online program Protparam (http://www.
expasy.ch/tools/protparam.html); program Motifscan
(http://myhits.isb-sib.ch/cgi-bin /motif_scan) analyzed the
function domain and modification sites; their linear B cell
epitopes were predicted by DNAstar package and BepiPred
1.0 Server (http://www.cbs.dtu.dk/services/BepiPred/), and
cytotoxic T lymph cell (CTL) epitopes by NetCTL1.2 Server
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(http://www.cbs.dtu.dk/services/NetCTL/). The distinct linear
B cell epitopes were identified to apply in immunodiagnosis.

EgAg5 cloning, expression, and purification

The fragment coding the mature peptide of EgAg5 was cut
from recombinant pCR2.1 plasmid by BamH I and Hind III
double enzyme digestion and subcloned into prokaryotic
expression vector pET28a(+). The recombinant plasmid
was transformed into host bacteria Escherichia coli BL21
(DE3). EgAg5 expression in BL21 was induced with opti-
mal IPTG concentration and temperature and time. The
insoluble fraction was solubilized in 6 M urea, 500 mM
NaCl, 20 mM Tris/HCl, pH 8.0. The rEgAg5 was purified
by His.Bind purification kit (Novagen) under denatured
conditions according to the manufacturer’s protocol. Eluted
protein was renatured by stepwise elution of urea and dia-
lyzed against PBS at last and adjusted its final concentration
to 0.5 mg ml−1.

Preparation of anti-rEgAg5 sera and collection of sera of CE
patients

SD rat was injected subcutaneously with 200 μg recombi-
nant protein emulsified with equal volume of complete
Freund’s adjuvant (Sigma) and followed by two boosts with
half amount of antigen which was emulsified with incom-
plete Freund’s adjuvant (Sigma) at 2-week intervals. Two
weeks after the last vaccination, serum was collected from
the rat, and the EgAg5-specific antibodies were detected by
the enzyme-linked immunosorbent assay (ELISA). CE-
positive serum samples were collected from patients in
Qinghai Province E. granulosus endemic area who were
diagnosed with B ultrasonic image, serum samples from
healthy human without parasitic infection were used as
negative control.

Western blot

Protein samples were subjected to SDS-PAGE (15%
polyacrylamide gel) and subsequently transferred by
electroblotting onto polyvinylidene difluoride membrane
(Whatman). Then, the membranes were blocked with
5% (w/v) skim milk powder in PBS (pH 7.4) at 4°C
over night, and subsequently incubated with the primary
antibodies (serum from the rat immunized with the
recombinant EgAg5, normal rat serum, patient serum,
and healthy human sera 1:200 dilution), respectively at 37°C
for 2 h. After washing and incubation with rabbit anti-rat
immunoglobulin G conjugated horseradish peroxidase
(HRP) (1:1,000 dilution) (Boster Co.) at 37°C for 1 h, the
HRP was visualized by diaminobenzidine (Boster Co.) sub-
strate solution.

Immunolocalization of EgAg5 at adult worm

An E. granulosus adult was fixed with acetone after twice
washing gently with normal saline and then embedded with
paraffin wax and sliced into 4-μm sections. After deparaffi-
nization, freshly prepared 1% sodium borohydride in 1%
disodium hydrogen phosphate monohydrate was applied to
the sections three times for 10 min to quench the auto-
fluorescence. Sections were then blocked with 90%
healthy sheep sera (Boster Co.) and 1% BSA in PBS
at 4°C for 2 h. The sections were subsequently incubat-
ed in the rat anti-EgAg5 serum (1:100 dilution) over
night. Preimmune rat serum was employed as negative
control. At last, the sections were incubated in Cy3 dye-
conjugated goat anti-rat IgG (H+L; 1:2,000; molecular
probes) (Byotime co.) for 1 h and 15 min. The sections were
observed under fluorescence microscope. All the parameters
and microscope settings used were maintained throughout the
process.

Immunolocalization of EgAg5 at protoscolices of E.
granulosus

Freshly collected protoscolices were fixed in paraform over-
night. Then intact samples were washed 30 min with PBS in
an Eppendorf tube at room temperature. After removing the
supernatant, the worms were blocked with 100 μl normal
goat serum overnight at 4°C. Then the worms were washed
with PBS for three times (5 min each) and incubated with
anti-EgAg5 serum diluted 1:100 in 5% BSA–PBS for 2 h at
room temperature. Serum from non-immunized rat was used
as a negative control. After three washes with PBS, the
parasites were incubated in the dark with the secondary
antibody Cy3-conjugated goat anti-rat IgG (BioTime) dilut-
ed 1:2,000 in 0.1% BSA-PBS for 1 h and 15 min. They were
then washed three times with PBS, transferred to a clean
glass slide and examined immediately by fluorescence mi-
croscope. All the parameters and microscope settings used
were maintained throughout the process.

Results

The EgAg5 sequence variation and its characteristics

The EgAg5 sequence (GenBank access No.JF970202)
cloned from the E. granulosus isolated from sheep in en-
demic area in Qinghai Province was sequenced, the open
read frame is of 1,455 bp in length, encoding 484 amino
acids, with the calculated molecular weight of 54,874.8 Da,
with theoretical pI of 6.36. The instability index (II) is
computed to be 55.78, classifying the protein as unstable.
The leading sequence of twenty amino acids is predicted as
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signal peptide. Motifscan program predicts that there are
serine protease, trypsin domain from aa189 to aa484 and
several potential phosphorylation and myristoylation sites
and a N-glycosylation site in the putative protein.

The sequence is somewhat different from that deposited
in GenBank. There are several base substitutions,but only
the substitution of C1225 to “T” changes Arg409 into Cys409,
others belong to synonymous mutation; particularly there is
a single base insertion of A893 and deletion of C937 which
produce a partial frameshift mutation (Fig. 1). However,
comparing with the homologue in T. solium, this region in
our sequence is completely conserved, probably there are
mistakes in the EgAg5 sequence deposited in GenBank.
Although the EgAg5 is conservative protein in cestodes,
there is no homolog found in trematodes and nematodes,
only with very low homology found with some serine pro-
teinase in other helminth. EgAg5 has rich B and T cell
epitopes, and with no homologues in hosts, it may be good
antigen. Although EgAg5 homologues are very conserva-
tive among genus, the mutational region from aa159–168
which constitutes a linear B cell epitope that may distin-
guish echinococosis and taeniasis and cysticercosis (Fig. 2).

Expression and purification of recombinant protein

The mature peptide coding sequence was successfully cloned
into the expression vector pET28a (+), and the recombinant
protein was expressed thoroughly in the form of inclusion
body that can resolve in 6 M urea solution. Purified protein
shows a band between 66.2 and 45.0 kDa molecular marker in
12% SDS-PAGE (Fig. 3), which accords with the calculated
molecular weight of 54.85 kDa of the recombinant protein.

Western-blot analysis

Western-blot demonstrated the combinant EgAg5 could be
recognized by sera from immunized rat and patient infected
with E. granulosus, and not by sera from healthy rat and
healthy person (Fig. 4). The results indicated that the
rEgAg5 has immunogenicity and antigenicity.

Immunolocalization of EgAg5 at protoscolices and adult

The analysis of immunolocalization by using rat anti-EgAg5
serum showed that EgAg5 concentrated at the embryonic

Fig. 1 The coding region of
EgAg5 and its characteristics.
The letters in gray represents
the signal peptide. The bold
underlined letters in nucleotide
sequence are the substitution
mutation sites; the bold italic
letters is the changed amino
acids. Letter with shadow
shows the inserted nucleotide
“A”; letters with frame
represent a site with a deletion
“C” between the two
nucleotides; the amino acid
sequences in frame represent
linear B cell epitopes and those
underlined are T cell epitopes
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membrane of egg and the surface of oncosphere in gravid
proglottid, protoscolex and slightly expressed in the tegument
of adult. Nearly no staining was observed in adult and proto-
scolex when incubated with pre-immune rat serum (Fig. 5).

Discussion

Ag5 was firstly paid intensive attention for its application in
immunodiagnosis of echinococcosis, and its easy and large

scale of preparation from the cyst liquid by ConA affinity-
chromatography (Bout et al. 1979; Shepherd and McManus
1987). Up to the present, most researches on its structure
and function were based on the native protein and there are
fewer attempts to prepare the recombinant protein. Apart
from the antibody responses against Ag5 and its application
in immunodiagnosis, little is known about its expression and
secretory route at different developmental stages.

Fig. 2 Alignment of partial
EgAg5 with its homologs from
other taeniidae parasite. Em,
Echinococcus multilocularis
(GenBank accession no.
DR748904.1); T. s, T. solium
(GenBank accession no.
ADP89566.1). There is a
deletion mutation region in T. s
homolog responding to the
conserved strong B cellular
epitope of “WKDMDDDEAD”
of the two echinococcus
sequences

M 1 2 3 4 5 6 7

Fig. 3 Expression and purification of rEgAg5 in E.coli BL21/DE3.M,
protein molecular weight markers; lanes 1 and 2, the lysate of bacteria
transformed with pET-28a vector before and after IPTG induction;
lanes 3 and 4, the lysate of pET-28a-EgAg5 transformants before and
after IPTG induction; lanes 5 and 6, the supernatant and precipitation
of the lysate of pET-28a-EgAg5 trantformants after IPTG induction;
lane 7, purified r EgAg5 protein

Fig. 4 Western blot analysis of EgAg5. M, protein molecular weight
marker; 1 and 2, with healthy and immune rat serum, respectively; 3
and 4 with healthy person and the CE patient serum, respectively
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Fig. 5 Immunolocalization of
EgAg5 at protoscolices and
adult worm of E. granulosus.
Flurescence microscopy images
(left) and corresponding optical
images (right) of are shown. a
and b, EgAg5 is shown
intensively on the embryonic
membrane (EM) and surface of
oncosphere (OS) in eggs and
weakly on the tegument (TP) of
the adult worm with immune
and preimmune rat serum
respectively; c and d, EgAg5
was shown strongly in the
surface of protoscolex control
with immune and preimmune
rat serum under fluorescence,
respectively
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According to the sequence deposited in GenBank, we
amplified the coding sequence from the mRNA extracted
from the E. granulosus protoscolexes isolated from sheep of
Qinhai Province of China by RT-PCR. Sequencing the
product discovered it is somewhat different from the
sequence in GenBank, with several base replacements as
well as one base insert and deletion which produces a short
region of shift-frame mutation. Sequence alignment with
the homologue from other taeniidae, T. solium shows that
the frame-shift region in our sequence is highly conserva-
tive. Therefore, we think that the single base insert and
deletion of the sequence in GenBank may come from the
mistake of original sequencing.

Most of the previous studies of EgAg5 were focused on
its antibody responses and the applications in diagnosis (Liu
et al. 1993b). Although antigen B (AgB) and Ag5 are the
predominant antigens of HCF, using four monoclonal anti-
bodies against Ag5 and AgB to detect the circulating anti-
gens (CAg) in sera of human patients with E. granulosus
infection, the combined detection rate for CAg was only
19% (Liu et al. 1993a, b). It is due to the thick cyst wall that
blocks the release of these antigens or the released antigens
are neutralized by the antibodies. Therefore, the sensitive
diagnostic marker of cystic hydatid disease should be the
specific antibody instead of the antigen.

In mice secondary infection model with protoscolices,
the anti-Ag5 IgG antibodies were negligible up to 2 weeks,
and appeared a small increase till 16 weeks post infection (p.i.)
when there was a big increase and persisted afterward. While
the antibodies against crude protosclex antigens were evident
in 3–5 days p.i., increased steadily until 16 weeks and then
maintained a high level (Liu et al. 1992). No antibody
response in early stage easily lead to the deduction that
the Ag5 is not expressed in the challenging protoscolex.
However, our study demonstrated that Ag5 is highly
expressed in the tegumental surface membrane of pro-
toscolex, as the antibody is directly binding to Ag5
protein attached on the surface protoscolex fixed with
paraform which maintains the integrality of the plasma
membrane and forbids the entry of the antibodies into
the protoscolex. The secreted EgAg5 attachment to sur-
face of tegumental membrane can be explained by the
myristoylation modification, one N-myristoylation site
Gly21 has been predicted by online program Scanprosite
(http://www.expasy.ch/tools/scanprosite/). Beside localization
in protoscolex surface, EgAg is also highly expressed in the
embryonic membrane of egg and surface of oncosphere, it
means there should be antibody response against Ag5 in early
infection of CE patient. This paradox is interesting to the
immunological characteristics of Ag5. In rats immunized with
rAg5, the titer is very low in spite of two boosts in the early
6 weeks but acute increase appeared after the third boosts
(data is not shown), this phenomenon indicates Ag5 is able

to inhibit immune response at the initiating stage . Ag5 is
highly similar to members of the trypsin family (Lorenzo et al.
2003)—a serine protease plays an important role in the ces-
tode eggs hatching and larvae invasion of helminth parasites
(Dzik 2006; Young et al. 1999). This early immunological
unresponsiveness suggests it may play a role in immune
evasion which is associated with its serine protease activity,
the mechanisms deserve further studies.

E. granulosus grows slowly in human, the patients are
ordinarily infected in childhood and manifested space-
occupying lesion by the enlarged cyst in adult or the old
age. In the early years of infection, E. granulosus is more
sensitive to chemotherapy, but the cyst is too small to be
diagnosed by imaging examination. When the cyst develops
enough large to be easily diagnosed, it has became difficult
to be cured by drugs and most of CE patients had to depend
on surgical resection which brings large operation risk and
medical burden (Garcia-Llamazares et al. 1998).

Due to the imaging examination is not competent for
early diagnosis; the sensitive, specific immunodiagnostic
assay is urgently desired (Moro et al. 2005). As the IgG or
its subclasses cannot distinguish the active or abortive
infection exactly, the IgG is not the ideal indicator for active
infection of E. granulosus. The IgE against hydatid cyst fluid
(HCF) is of high specificity and relatively high sensitivity in
CE patients (Sjolander et al. 1989). In spite that the Ag5-
specific IgE could only be detected in 70.1% confirmed
CE patients, the specificity was 100% (Khabiri et al. 2006).
Furthermore, 3 to 14 days after the primary exposure to
protoscolex, the protoscolex-specific IgE begins to rise and
persists so long as the live protoscolex exists (Riley et al.
1986). In CE patients who received treatment, when the
parasite is killed completely, the IgE rapidly decrease to
negative level (Vuitton 2004). Therefore, the specific
IgE can be considered as a marker of active infection
of E. granulosus (Wellinghausen and Kern 2001) and
can be applied in early diagnosis of CE patients.

Detection of E. granulosus in definitive host dog is of
importance in the epidemiological surveys and the implemen-
tation of hydatid control programmes in endemic areas
(Ersfeld et al. 1997). At present, arecoline purgation is the
most commonly used method for detecting canine Echinococ-
cosis. While, it is not a perfect method with low sensitivity of
only 64% for E. granulosus infected experimental dogs
(Lahmar et al. 2007). Meanwhile, it is time consuming,
biohazardous, and requires trained personnel. The devel-
opment of sensitive and specific diagnostic antigen for
the detection of canine Echinococcosis is important for sur-
veillance of hydatid control programmes. The development of
diagnosis of dog E. granulosus infection is detecting coproan-
tigens, predominantly the excretory–secretory products from
proglottids by ELISA using specific monoclonal or polyclonal
antibodies (Allan et al. 1992). In spite of some monoclonal

Parasitol Res (2012) 110:2315–2323 2321

http://www.expasy.ch/tools/scanprosite/


antibodies that have been used in the immunodiagnosis, their
target antigen molecule is unknown and the specificity is the
main issue, for other cestodes, such as Taenia elliptica are
always existing in the intestine of dogs. In addition, the
components of excretory–secretory antigens coming from
these parasites are very complex, if antibody using to detect
E. granulosus is against a common antigen of cestode, the
false-positive result will occur. Considering Ag5 is highly
expressed in eggs, it may be a coproantigen for detecting
canine E. granulosus infection. Meanwhile, there are epitopes
in EgAg5 different from other taeniidae, such as T. solium, this
will be favorable to discriminate the E. granulosus from other
intestinal cestodes.

Intensive expression in surface of egg and protoscolex
which are infective stages for intermediate and definitive
hosts indicates Ag5 may be a candidate of vaccine.
Furthermore, Ag5 is a strong allergen as it provokes
specific IgE in hydatid patients (Takahashi et al. 2006).
If it remains the allergenic property in definitive hosts, it
is a ideal vaccine candidate for dogs, because only the
vaccine that induces IgE production can lead to effective
protective immunity to nearly all the intestinal helminths
(Torgerson 2009; Zhang et al. 2006; Khabiri et al. 2006;
Torgerson 2009; Zhang et al. 2006).

In conclusion, EgAg5 is expressed in eggs and protosco-
lices, the two infective stages to human and dogs respectively.
Considering its characteristics of trypsin and the localization
in the surface of the eggs and protoscolices, we speculate that
Ag5 has the value in diagnosis and vaccine development for
Echinococcosis and it is a potential immunomodulatory agent.
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