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Tropicali, Universitàdegli Studi ‘La Sapienza’, Viale Regina Elena 330, 00161 Roma, Italy and3Institut für Hygiene and Microbiologie,
Josef-Schneider-Strasse 2, Bau 17, D-97080, Wurzburg

SUMMARY

A cDNA clone (Eg EF-1b/d) of Echinococcus granulosus
has been isolated by an expression library screened with
immunoglobulin (Ig)E of sera from patients with cystic
echinococcosis (CE). The Eg EF-1b/d was identified on
the basis of sequence homology to the subunitsb or d of the
elongation factor-1. The amino acid sequence deduced from
this open reading frame is 244 residues long with a
predicted molecular mass of 31 kDa. In Southern blot
under high stringent condition, Eg EF-1b/d hybridized to
genomic DNA ofE.granulosusat two bands of 4 and 2·5 Kb.
In immunoblotting analysis, the Eg EF-1b/d protein shows
immunological reactivity with sera from CE patients: 51·7%
of sera contained IgE, 41·7% IgG and 18·3% IgG4 specific
to the recombinant protein. We identify the Eg EF-1b/d by
immunoblotting with specific monoclonal antibody both in
protoscoleces and in sheep hydatid fluid. The higher per-
centage of humoral immune response against Eg EF-1b/d
observed in CE patients with calcified cysts than in patients
with active cysts indicates the possible release of the protein
in the hydatid fluid after protoscoleces degeneration sug-
gesting the possible use of this antigen in the immuno-
surveillance of CE. Overall, these findings seem to assign to
Eg EF-1b/d a key role in the allergic disorders and in the
complex host–parasite relationship in CE.
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INTRODUCTION

Translation elongation in eukaryotes requires translation
elongation factors EF-1 and EF-2, which are functionally
and structurally highly conserved among species (Riiset al.
1990, Basselet al. 1994). Elongation factor 1, responsible
for guanosine triphosphate (GTP)-dependent binding of
aminoacyl-tRNAs to the ribosomes, is composed of four
subunits a, b, g and d. The a chain binds GTP and
aminoacyl-tRNAs, theg chain seems to play a role in
anchoring the complex to other cellular components and
the b and d chains stimulate the exchange of GDP
bound to thea chain for GTP (Van Dammeet al. 1991).
Theb andd chains are very similar hydrophilic proteins of
around 23–31 kDa; theirC-terminal part seems important
for the nucleotide exchange activity, while theN-terminal
section is probably involved in the interaction with theg

chain. Theb, g andd subunits of EF-1 are predominantly
located in the endoplasmic reticulum region, whereas the EF-1a

is present in the cytoplasm and in the nucleus (Sandersetal.
1996). To our knowledge, no specific studies on the immuno-
genicity of elongation factors have been performed.

In this study, we describe the cloning, sequencing and
expression of a cDNA encoding a protein from proto-
scoleces ofEchinococcus granulosus,displaying sequence
similarities with the family of elongation factor 1, in
particular with homology with theb and d subunits (Eg
EF-1b/d). We screened the expression library with immuno-
globulin (Ig)E of sera from patients with cystic echino-
coccosis (CE) and the recombinant protein isolated beared
immunogenic activity. We used immunoblotting to study the
serological reactivity of this antigen evaluating the presence of
specific IgE, IgG and IgG4 in patients’ sera with CE.

MATERIALS AND METHODS

Antigens

Sheep hydatid fluid was collected in Sardinia from fertile
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cysts. Protoscoleces were removed by centrifugation from
sheep hydatid fluid, immediately washed several times in
phosphate buffer saline and stored in 4M guanidinium
thiocyanate containing 0·1M 2-mercaptoethanol and
0·025M Na-acetate (pH 6).

Blood samples

Blood samples were obtained from 60 patients with CE (45
with cysts in the liver, seven with cysts in the lungs, five
with cysts in liver and lungs, two with cysts in bones and one
with cysts in nervous central system), 15 subjects with
atopic disorders (seven with polyspecific allergic reactions,
four with monospecificity toDermatophagoides farinaeand
four with monospecificity toParietaria judaica), 15 patients
with other parasitic diseases (four with schistosomiasis, four
with trichinellosis, three with filariasis and four with cripto-
sporidiosis) and nine healthy donors. CE was clinically,
serologically and ecographically diagnosed. Hydatid
cysts were classified in seven different types according to
Caremaniet al. (1996). In brief, type I are simple cysts, type
II are multiple cysts, type III are cysts with detachment of
wall, type IV are cyst with mixed pattern, type V are
heterogeneous cysts, type VI are hyperechoic cysts and
type VII are calcified cysts. All procedures were approved
by the local Ethical Committee, and all subjects gave their
informed consent to the study.

Antisera

Murine monoclonal antibody to the recombinant Eg EF-1b/
d protein was obtained with standard procedures. Mono-
clonal antihistidine antibody was purchased by Qiagen
(GmbH, Germany) and used following the manufacturer’s
instructions. To screen the library a goat antihuman IgE
peroxidase labelled serum (Cappel, Cochranville, PA, USA)
was used as second antibody. Peroxidase-labelled goat
antihuman total IgG (Biorad, Richmond, CA, USA), IgG4
(Oxoid Ltd, Basingstoke, UK) and IgE (Cappel) sera and
peroxidase-labelled goat antimouse IgG serum (Biorad)
were used as second antibodies in immunoblotting.

Construction of the cDNA library and
immunoscreening

Total RNA was isolated from protoscoleces by the guani-
dinium thiocyanate/phenol/chloroform technique as
described elsewhere (Chomczynski & Sacchi 1987).
Poly(A)þ mRNA was extracted from total RNA by Dyna-
beads Oligo (dT)25 magnetic beads (Dynal, Hamburg,
Germany) according to the manufacturer’s instructions
and converted in cDNA. The cDNA library was produced

in lamda zap-2 using al zap cDNA synthesis kit (Strata-
gene, USA) according to the manufacturer’s instructions.
The cDNA clones isolated were screened with a pool of sera
from confirmed positive CE patients showing a high posi-
tivity in a E. granulosus specific IgE enzyme-linked
immunosorbent assay (ELISA) (OD280>2) (Afferni et al.
1984). The nucleotide sequence of the cloned cDNA inser-
tions was determined by a Sequenase kit (Amersham,
Bucks, UK). DNA and translated protein sequences
were analysed by the Genetics Computer Group Sequence
Analysis Software Package (Devereuxet al. 1984). The
cDNA inserts were used as probes in the standard Southern
hybridization analysis. The clone containing the elongation
factor-1 cDNA was named Eg EF-1b/d.

Subcloning, expression and purification of the
recombinant protein

The selected cDNA clone was subcloned into theBamHI/
KpnI site of the QIA express vector, pQE31. The 6X fusion
protein was expressed inEscherichia coliSG130009 cells,
purified by affinity of NI-NTA resin for the 6Xhis tag and
eluted under denaturing conditions (urea) according to the
supplier’s (Qiagen) instruction. To remove urea before the
immunization of mice the protein was dialysed in PBS for
2 days at 48C.

Immunoblotting

Immunoblotting was performed as previously described by
Siracusanoet al. (1991) after 12·5% SDS-PAGE in reducing
and in nonreducing conditions. For the immunolocalization,
protoscoleces and hydatid fluid were used as antigens. When
the purified recombinant Eg EF-1b/d (3mg/lane) was used as
antigen, human sera were diluted 1 : 50 for IgG detection
and 1 : 10 for IgE detection. The specificity of the humoral
response was demonstrated by a lack of recognition of
another recombinant 6X-histidine-tagged protein expressed
and purified in the same manner as the Eg EF-1b/d protein.

RESULTS

Molecular characterization of cDNA encoding Eg EF-1b/d

The insert of a clone strongly reacting with the pooled
human serum was analysed and was observed to contain 801
base pairs (bp) ending with a termination codon at position
733 and a poly(A)þ tail and a polyadenilation signal,
AATAAA, starting at position 778 (Figure 1). The amino
acid sequence predicted from this open reading frame is 244
residues long with a predicted molecular mass of 31 kDa and
presents 39% and 38·4% identity and 53·4% and 53·7%
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similarity with the subunitsb and d of human elongation
factor, respectively, with higher identity at theC-terminus
(62% with the humand subunit and 68% with the humanb
subunit), respectively (Figure 2). The consensus patterns
(indicated by asteriks) common to all the proteins belonging
to this family were present. The serine at position 128
locatedN-terminally of an acidic cluster could be involved
in regulation by phosphorilation (Janssenet al. 1988,
Venemaet al. 1991). We can not determine if the whole
open reading frame has been cloned since the sequence
identity and the consensus patterns are mainly located in the
C-terminal sequence. In Southern blot under high stringent
condition, Eg EF-1b/d hybridized to genomic DNA of
E. granulosusdigested withEcoRI at two bands of 4 and
2·5 Kb, probably the two genes for theb and d subunits,
even though we cannot rule out the possibility that a
restriction site in introns might give raise to the obtained
pattern (Figure 3).

Molecular and immunological characterization of Eg
EF-1b/d protein

The purified protein encoded by Eg EF-1b/d was analysed
by SDS-PAGE under reducing conditions and the molecular
size of 33·1 kDa was confirmed by immunoblotting using
monoclonal antibody specific to histidine tail and human
sera (Figure 4).

Qualitative analysis of IgE, total IgG and IgG4 response
determined by immunoblotting showed that 31/60 patients
with CE (51·7%) presented IgE, 25 (41·7%) total IgG and 11
(18·3%) IgG4 to the Eg EF-1b/d protein. Of the 15 atopic
subjects, one serum from a subject with polyspecific allergic
reactions presented specific IgE and of the nine healthy
donors, two sera had total IgG and one of these had IgE
specific to Eg EF-1b/d protein as well. Notably, no sera from
the patients with other parasitic diseases contained IgG/
IgG4 or IgE specific to the recombinant antigen (Table 1).
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Figure 1 Nucleotide sequence of the cDNA clone encoding Eg EF-1b/d. The polyadenylation signal and the stop codon are underlined.



The pattern of distribution of specific immunoglobulins
shows that patients with calcified cysts and patients
with cysts of variuos types, almost one calcified, had
the highest percentage of sera positive for IgE (cysts
of various types 75%, type VII 73%, type IV 44%, type I
38% and type II 25%), IgG (type VII 63%, cysts of
various types 58%, type II 50%, type IV 44% and type I
24%), and IgG4 (type VII 31%, cysts of various types 28%,
type I 14% and type IV 11%) specific to Eg EF-1b/d
(Figure 5).

Immunolocalization of the native protein in E.
granulosusprotoscoleces and hydatid fluid

The monoclonal antibody specific to Eg EF-1b/d was used
in immunolotting to investigate the localization of this
protein in the protoscoleces and in hydatid fluid and to
determine the molecular mass of the native antigen. The
monoclonal antibody recognizes two subunits of approxi-
mately 25 and 40 kDa both in protoscoleces and in
hydatid fluid in reducing conditions while in hydatid fluid
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Figure 2 Comparison of amino acid sequences of Eg EF-1b/d (Eg EF1) and the EF-1d andb from human (EF1DHuman and EF1BHuman),
Xenopus laevis(EF1DXenla and EF1BXenla) andCaenorhabditis elegans(EF1XCaeel) using a multiple (CLUSTAL computer program)
alignment that gives the highest number of identical residues (*). Conserved residues (dots).



in nonreducing condition it recognizes a broad band
with high molecular weight (>200 kDa) and a subunit at
40 kDa (Figure 6). The presence of two distinct subunits at
25 and 40 kDa might be explained by the binding of the
monoclonal antibody with both theb and d subunits of
elongation factor-1.

DISCUSSION

Cystic echinococcosis shares with other helmintiases three
responses typical of immediate hypersensitivity reactions:
elevated IgE/IgG4 antibodies production, eosinophilia and
mastocitosis (Williams 1979, Afferniet al. 1984, Acetiet al.
1993). Moreover IgE, which decreases rapidly in serum of
patients after surgery or with success of chemotherapy, may
be a useful marker indicating the outcome of CE (Acetiet al.
1993, Rigano` et al. 1995a). The immunoscreening of anE.
granulosusexpression library with IgE from CE patients
permitted us to isolate a cDNA clone which shares sub-
stantial identity with theb andd subunits of the elongation
factor 1. In immunoblotting analysis, the Eg EF-1b/d
recombinant protein shows immunological reactivity with
sera from CE patients: 51·7% of sera contained IgE, 41·7%

IgG and 18·3% IgG4 specific to the recombinant protein. In
a previous work, we found that 86·2% of CE patients
resulted IgE positive to antigen 5 and antigen B of
E. granulosushydatid fluid (Siracusanoet al. 1993). The
high IgE response found in this study seems to assign to Eg
EF-1b/d a key role in the allergic disorders in cystic
echinococcosis. Among the IgE positive patients, six were
negative for total IgG against Eg EF-1b/d, suggesting the
possible occurence of a direct splicing IgMvs IgE (Vercelli
et al. 1998). In a recent study, using sheep hydatid fluid as
antigen in ELISA, we observed a significant correlation
between IgE and IgG4 production (Rigano` et al. 1995b).
The lack of association between the IgE and IgG4 produc-
tion found in this study might been explained by the nature
of the antigen. It would be worth investigating the role of
native and recombinant antigen in stimulating distinct
patterns of immunoglobulin production as the recombinant
protein cannot fold and express the conformational B-cell
epitopes the way that the natural EF-1 proteins can. In the
immune response to infections, the cytokines have a role in
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Figure 3 Southern blot analysis ofE. granulosusgenomic DNA.
DNA from E. granulosuswas digested withEcoRI. After
electrophoresis and blotting, the filter was hybridized to the32P-
labelled Eg EF-1b/d cDNA. Molecular weights are indicated on the
left.

Figure 4 Western blot showing the molecular mass (33·1 kDa) of the
recombinant protein encoded by the cDNA of clone Eg EF-1b/d
following subcloning into pQE-31, induction with isopropyl-b-D-
thiogalactoside and purification under denaturing conditions. The
purified, recombinant protein (3mg) was subjected to SDS-PAGE and
stained with Coomassie Blue (lane 2) or transferred to nitrocellulose
and revealed with the monoclonal antibody specific to 6X-histidine
(lane 3), human serum immunoglobulin (Ig)G (lane 4), human serum
IgE (lane 5). Molecular weights (lane 1) are indicated on the left.



regulating antibody isotype production. In recent research,
we provided evidence that Th1 and Th2 cytokine patterns
are involved in the immune regulation of CE (Rigano` et al.
1995b, 1996). Further investigations are necessary to clarify
the role of this antigen in the modulation of immune
response in particular enhancing a Th2 activation through
IL-4 production.

Regarding the IgG determination in Eg EF-1b/d immunoblot-
ting, we found high specificity (94·8%) and low sensitivity
(41·7%), probably due to the high purity of the recombinant
antigen. This finding seems to exclude the possible use of this
test in the routine immunodiagnosis of CE but it might be
employed in areas endemic for cross-reactive parasitic diseases.

The presence of autoantibodies was demonstrated in
patients with CE suggesting its possible association with
immune evasion strategies of the parasite (Piniet al. 1983,
Mori et al. 1986). The presence of homology between Eg

EF-1b/d and human EF-1 is intriguing in view of a possible
autoimmune response. The study of molecules shared by
different species, particularly the identification of conserved
epitopes able to stimulate the immune system and to cause
the allergic reaction, could be useful to clarify the complex
host–parasite relationship.

Theb, d andg subunits of EF-1 are conserved, constitu-
tive proteins predominantly located in the endoplasmic
reticulum region (Sanderset al. 1996). Maneuet al. (1996)
isolated from aCandida albicanscDNA expression library a
clone coding the EF-1b by immunoscreening with a poly-
clonal antibody against cell wall material suggesting the
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No of positive serum
samples in immunoblotting

No of serum
samples IgG IgG4 IgE

Patients with cistic echinococcosis 60 25 11 31
Patients with other parasitoses 15 0 0 0
Patients with atopic disorders 15 0 0 1
Healthy donors 9 2 0 1

Sensitivity 41·7% 18·3% 51·7%
Specificity 92·8% 100% 94·8%

Table 1 Pattern of IgG4 and IgE reactivity to
Eg EF-1b/d of 60 cystic echinococcosis patients
and 39 control subjects
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Figure 5 Pattern of distribution of immunoglubilin (Ig)E, total IgG
and IgG4 specific to Eg EF-1b/d in the 60 cystic echinococcosis
patients divided according to the type of cysts following the
classification of Caremaniet al. (1996).

Figure 6 Immunoblotting after SDS-PAGE of protoscoleces (lane 1)
and hydatid fluid (lane 2) under reducing conditions and hydatid fluid
under nonreducing conditions (lane 3) revealed with the monoclonal
antibody specific to Eg EF-1b/d. Molecular weights are indicated on
the left.



presence of this subunit also in the cell wall. We identified
the Eg EF-1b/d by immunoblotting with specific mono-
clonal antibody both in protoscoleces and in sheep hydatid
fluid. The higher percentage of humoral immune response
against EgEF-1b/d observed in CE patients with inactive
cysts (type VII) than in CE patients with active cysts (mainly
type I–II) indicates the possible release of significant
amounts of protein in the hydatid fluid after protoscoleces
degeneration. It remains to be clarified whether elongation
factor release occurs only in deteriorating cysts during
ageing, calcification or drug treatment or whether it is
an active process of secretion with significance for the
host–parasite relationship. Again, further investigations
need to clarify the possible use of this antigen in the
immunosurveillance of CE.

To date, all recombinantE. granulosusantigens of
potential interest for immunodiagnosis have been employed
to investigate the IgG response (Faconet al. 1991, Shepherd
et al.1991, Esteveset al.1993, Froschet al. 1994, Ersfeld &
Craig 1995). This is the first report describing an
E. granulosusrecombinant antigen recognized by serum
IgE/IgG4 from CE patients. The immune interactions that
are necessary to eradicate invasive helminth parasites are
extremely complex and are likely to require antibodies of
specific isotypes and multiple types of effector cells. Having
recombinant antigens involved in the immune response
should help to define the precise role that specific antibody
isotypes and the cytokines play in human helminth infection.
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