Parasite Immunology1999:21: 485-492

Cloning and expression of a cDNA encoding an elongation factor 18/6

protein from Echinococcus granulosus with immunogenic activity

PAOLA MARGUTTI™, ELENA ORTONA'™, SERGIO VACCARF, STEFANO BARCA!, RACHELE RIGANO!,
ANTONELLA TEGGI?, FRITZ MUHSCHLEGEL?, MATTHIAS FROSCH & ALESSANDRA SIRACUSANOC

ILaboratorio di Immunologia, Istituto Superiore di Sank4ale Regina Elena 299, 00161 Roma, Italpjpartimento di Malattie Infettive e
Tropicali, Universitadegli Studi ‘La Sapienza’, Viale Regina Elena 330, 00161 Roma, Italy’arstitut fur Hygiene and Microbiologie,

Josef-Schneider-Strasse 2, Bau 17, D-97080, Wurzburg

SUMMARY

A cDNA clone (Eg EF-/6) 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 EB/2 was identified on
the basis of sequence homology to the subyndsé of the

INTRODUCTION

Translation elongation in eukaryotes requires translation
elongation factors EF-1 and EF-2, which are functionally
and structurally highly conserved among species (&id.
1990, Bassektal 1994). Elongation factor 1, responsible
for guanosine triphosphate (GTP)-dependent binding of

elongation factor-1. The amino acid sequence deduced fromaminoacyl-tRNAs to the ribosomes, is composed of four

this open reading frame is 244 residues long with a
predicted molecular mass of 31kDa. In Southern blot
under high stringent condition, Eg ER3% hybridized to
genomic DNA oE.granulosusit two bands of 4 and 2-5 Kb.

In immunoblotting analysis, the Eg ERB/b 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 Effélby
immunoblotting with specific monoclonal antibody both in
protoscoleces and in sheep hydatid fluid. The higher per-
centage of humoral immune response against Eg Bfs-1
observed in CE patients with calcified cysts than in patients

subunits«, B, v and 6. The « chain binds GTP and
aminoacyl-tRNAs, they chain seems to play a role in
anchoring the complex to other cellular components and
the B8 and 6 chains stimulate the exchange of GDP
bound to thex chain for GTP (Van Dammetal 1991).
The 8 andé chains are very similar hydrophilic proteins of
around 23-31kDa; thei€-terminal part seems important
for the nucleotide exchange activity, while thieterminal
section is probably involved in the interaction with the
chain. TheB, v andé subunits of EF-1 are predominantly
located in the endoplasmic reticulum region, whereas the &F-1
is present in the cytoplasm and in the nucleus (Sareteids

with active cysts indicates the possible release of the protein 1996). To our knowledge, no specific studies on the immuno-

in the hydatid fluid after protoscoleces degeneration sug-
gesting the possible use of this antigen in the immuno-

genicity of elongation factors have been performed.
In this study, we describe the cloning, sequencing and

surveillance of CE. Overall, these findings seem to assign to expression of a cDNA encoding a protein from proto-

Eg EF-13/6 a key role in the allergic disorders and in the
complex host—parasite relationship in CE.

Keywords E. granulosusglongation factor 1IgE, immune
response

CorrespondenceA.Siracusano

Received2 December 1998

Accepted for publicatian7 April 1999

*Both authors contributed equally to this paper.

© 1999 Blackwell Science Ltd

scoleces oEchinococcus granulosusdijsplaying sequence
similarities with the family of elongation factor 1, in
particular with homology with thed and é subunits (Eg
EF-13/6). 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 in lamda zap-2 using & zap cDNA synthesis kit (Strata-
sheep hydatid fluid, immediately washed several times in gene, USA) according to the manufacturer’s instructions.

phosphate buffer saline and stored im 4uanidinium The cDNA clones isolated were screened with a pool of sera
thiocyanate containing OM 2-mercaptoethanol and from confirmed positive CE patients showing a high posi-
0-025v Na-acetate (pH 6). tivity in a E. granulosusspecific IgE enzyme-linked

immunosorbent assay (ELISA) (QR>2) (Afferni etal
1984). The nucleotide sequence of the cloned cDNA inser-
tions was determined by a Sequenase kit (Amersham,
Blood samples were obtained from 60 patients with CE (45 Bucks, UK). DNA and translated protein sequences
with cysts in the liver, seven with cysts in the lungs, five were analysed by the Genetics Computer Group Sequence
with cysts in liver and lungs, two with cysts in bones and one Analysis Software Package (Devereek al. 1984). The

with cysts in nervous central system), 15 subjects with cDNA inserts were used as probes in the standard Southern
atopic disorders (seven with polyspecific allergic reactions, hybridization analysis. The clone containing the elongation
four with monospecificity tdermatophagoides farinaend factor-1 cDNA was named Eg ER35.

four with monospecificity tdarietaria judaicg, 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 The selected cDNA clone was subcloned into BerHI/
cysts were classified in seven different types according to Kpnl site of the QIA express vector, pQE31. The 6X fusion
Caremanktal (1996). In brief, type | are simple cysts, type protein was expressed Escherichia coliSG130009 cells,

Il are multiple cysts, type lll are cysts with detachment of purified by affinity of NI-NTA resin for the 6Xhis tag and
wall, type IV are cyst with mixed pattern, type V are eluted under denaturing conditions (urea) according to the
heterogeneous cysts, type VI are hyperechoic cysts andsupplier's (Qiagen) instruction. To remove urea before the
type VIl are calcified cysts. All procedures were approved immunization of mice the protein was dialysed in PBS for
by the local Ethical Committee, and all subjects gave their 2 days at 4C.

informed consent to the study.

Blood samples

Subcloning, expression and purification of the
recombinant protein

Immunoblotting

Antisera Immunoblotting was performed as previously described by

Murine monoclonal antibody to the recombinant Eg E#-1  Siracusanetal. (1991) after 12-5% SDS-PAGE in reducing

6 protein was obtained with standard procedures. Mono- and in nonreducing conditions. For the immunolocalization,
clonal antihistidine antibody was purchased by Qiagen protoscoleces and hydatid fluid were used as antigens. When
(GmbH, Germany) and used following the manufacturer’s the purified recombinant Eg EFBL (3 ug/lane) was used as
instructions. To screen the library a goat antihuman IgE antigen, human sera were diluted 1:50 for IgG detection
peroxidase labelled serum (Cappel, Cochranville, PA, USA) and 1: 10 for IgE detection. The specificity of the humoral
was used as second antibody. Peroxidase-labelled goatesponse was demonstrated by a lack of recognition of
antihuman total 1gG (Biorad, Richmond, CA, USA), IgG4 another recombinant 6X-histidine-tagged protein expressed
(Oxoid Ltd, Basingstoke, UK) and IgE (Cappel) sera and and purified in the same manner as the Eg BF-protein.
peroxidase-labelled goat antimouse IgG serum (Biorad)

were used as second antibodies in immunoblotting. RESULTS

Construction of the cDNA library and Molecular characterization of cDNA encoding Eg EF-B/6

immunoscreenin . . .
uhoscreening The insert of a clone strongly reacting with the pooled

Total RNA was isolated from protoscoleces by the guani- human serum was analysed and was observed to contain 801
dinium thiocyanate/phenol/chloroform  technique as base pairs (bp) ending with a termination codon at position
described elsewhere (Chomczynski & Sacchi 1987). 733 and a poly(A} tail and a polyadenilation signal,
Poly(A)+ mRNA was extracted from total RNA by Dyna- AATAAA, starting at position 778 (Figure 1). The amino
beads Oligo (dT¥ magnetic beads (Dynal, Hamburg, acid sequence predicted from this open reading frame is 244
Germany) according to the manufacturer’s instructions residues long with a predicted molecular mass of 31 kDa and
and converted in cDNA. The cDNA library was produced presents 39% and 38-4% identity and 53-4% and 53-7%

486 © 1999 Blackwell Science LtcRarasite Immunology21, 485-492
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tttgatgctc
ggcgtacatg
aacaaaaggg
aacataaagt
gaagctggaa
aagttcaaat
ggtgccaaac
cggtgatgac
cggataagtg
aagaaggaaa
ctgggacgac
tcactactga
catggcatta
tggtaccgac
aatcggtgga
gctccacttt
taaaaaaa
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caagcaaatg
aaccggtggce
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cggtctgctc
ataagttgca
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tgtagcttcc
gaattagctg
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ccaatttcca
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FDAHSYHQFPNYHEMESAYMRFLSKDIGKTSATEQKGDSYLVKEIQKVRDNIKS
SLESNGSWNERMEKLEAIVKEMSLRVNELEVQIQRLGQILPSESLKGAKPIRPV
VVKAPPAEGGDDDDIDLFGSEDEGEADKCKQMMAEQNKAAASKKEKPVAKSMIV
LDVKPWDDTTNMAEMEKGVRAITADGLLWGTSKLVPLVHGINKLQIACVVEDDK
VGTDFLEESIMELEDYVQSVDVASFNKL

Figure 1 Nucleotide sequence of the cDNA clone encoding Eg BR-1IThe polyadenylation signal and the stop codon are underlined.

similarity with the subunitg3 and é of human elongation
factor, respectively, with higher identity at tl&terminus

(62% with the humars subunit and 68% with the humath
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Molecular and immunological characterization of Eg
EF-18/6 protein

subunit), respectively (Figure 2). The consensus patterns The purified protein encoded by Eg EBfd was analysed
(indicated by asteriks) common to all the proteins belonging by SDS-PAGE under reducing conditions and the molecular
to this family were present. The serine at position 128 size of 33-1kDa was confirmed by immunoblotting using
locatedN-terminally of an acidic cluster could be involved monoclonal antibody specific to histidine tail and human
in regulation by phosphorilation (Janssestal 1988, sera (Figure 4).

Venemaet al. 1991). We can not determine if the whole Qualitative analysis of IgE, total IgG and IgG4 response
open reading frame has been cloned since the sequencealetermined by immunoblotting showed that 31/60 patients
identity and the consensus patterns are mainly located in thewith CE (51.-7%) presented IgE, 25 (41-7%) total IgG and 11
C-terminal sequence. In Southern blot under high stringent (18-3%) IgG4 to the Eg EFgLS protein. Of the 15 atopic
condition, Eg EF-8/6 hybridized to genomic DNA of subjects, one serum from a subject with polyspecific allergic
E. granulosuddigested withEcoRI at two bands of 4 and  reactions presented specific IgE and of the nine healthy
2-5 Kb, probably the two genes for tifeand 6 subunits, donors, two sera had total IgG and one of these had IgE
even though we cannot rule out the possibility that a specific to Eg EF-8/6 protein as well. Notably, no sera from
restriction site in introns might give raise to the obtained the patients with other parasitic diseases contained IgG/
pattern (Figure 3). IgG4 or IgE specific to the recombinant antigen (Table 1).

© 1999 Blackwell Science LtdRarasite Immunology21, 485—492 487
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EgEF1 ----FDAHSYHQFPNYHEMESAYMRFLSKDIGKTSATE--------------~ QKGDSYL 41
EF1DHuman MATNFLAHEKIWFDKFKYDDAERRFYEQMNGPVRGASRQENGATVILRDIARARENIQKS 60
EF1BHuman - -GFGDLKSPAGLQVLNDYLADKSYIEGYVPSQADV--=---=---—----—---—- A----- vV 36
EF1DXenla MSAFVITTEQVWLDKYKYDDAEKQYYENLSMGSASN-~----=---—---=-- KPHNSPQSA 45
EF1BXenla -MGFGDLKSPAGLKVLKEFLADKSYIEGYVPSQADV---~----=-—----co--- A----- v 37
EFl1XCaeel - -MVADVKSPAGLAAFNTTLAEQAFATGFVLSGEDA-------=-----==—-—- Q----- L 36
EgEF1 VKEIQKVR-~----- DNIKSSLESNGSWNERMEKLEAIVKEMSLRVNELEVQIQRLGQILP 95
EF1DHuman LAGSSGPGASSGTSGDHGELVVRIASLEVENQSLRGVVQELQQAISKLEARLNVLEKSSP 120
EF1BHuman FEAVSS----------- PPPADLCHALRWYN----- HIKSYEKEKASLPGVKKALGKYGP 80
EF1DXenla ASALSN------- SGDGSELAARVANLEQENQSLHKVVKDLQSAISKLESRLSTLEKSSK 98
EF1BXenla FDALSA----------- APPADLFHALRWYN----- HIKSYEKQKSSLPGVKKALGNYGP 81
EF1XCaeel FAALGS--------=--=----- APNAST-YPN----- VARWYANVASYTDAERKTWASAGG 75
EgEF1 SES--------- LKGAKPIRPVVVKAPPAEG------ GDDDDIDLFGSEDEGEADKCKQM 140
EF1DHuman GHRATAPQTQHVSPMRQVEPPAKKPATPAE------ DDEDDDIDLFGSDNEEEDKEAAQL 174
EF1BHuman = =  ------=--------- ADVEDTTGSGATDSK-------- DDDDIDLFGSDDEEESEEAKRL 117
EF1DXenla SQKPAAASQPATIEVAARVQKVQVTPAAKEENGTGEDDDDDDDIDLFGSDNEEEDAEAARI 158
EF1BXenla = = --------------- VNIEDTTGSAAKETKE------ EDDDDIDLFGSDDEEESEDAKRV 120
EF1XCaeel = = --------c------ S------ APAAAAAD---=---==-~- GDDFDLFGSDDEEEDAEKAKI 105
* *k kkkkk Kk *
EgEF1 MAEQNKAAASKK-EKP-—VAKSMIVLDVKPWDDTTNMAEMEKGVRAITADGLLWGTSKLV 197
EF1DHuman REERLRQYAEKKAKKPALVAKSSILLDVKPWDDETDMAQLEACVRSIQLDGLVWGASKLV 234
EF1BHuman REERLAQYESKKAKKPALVAKSSILLDVKPWDDETDMAKLEECVRSIQADGLVWGSSKLV 177
EF1DXenla REERLKQYAEKKSKKPGVIAKSSILLDVKPWDDETDMAKLEECVRTVQMDGLVWGSSKLV 218
EF1BXenla RDERLAQYEAKKSKKPTLIAKSSILLDVKPWDDETDMGKLEECLRSIQMDGLLWGSSKLV 180
EFl1XCaeel VEERLAAYAEKKAKKAGPIAKSSVILDVKPWDDETDLGEMEKLVRSIEMDGLVWGGAKLI 165
* | *k  x Jkkk | kkkkkhkkk k| Lk k. kkk _kk kK|
EgEF1 PLVHGINKLQIACVVEDDKVGTDFLEESIM-ELEDYVQSVDVASFNKL 244
EF1DHuman PVGYGIRKLQIQCVVEDDKVGTDLLEEEIT-KFEEHVQSVDIAAFNKI 281
EF1BHuman PVGYGIKKLQIQCVVEDDKVGTDMLEEQIT-AFEDYVQSMDVAAFNKI 224
EF1DXenla PVGYGIKKLQIQCVVEDDKVGTDILEEEIT-KFEDYVQSVDIAAFNKI 265
EF1BXenla PVGYGIKKLQIQCVVEDDKVGTDVLEEKIT-AFEDFVQSMDVAAFNKI 227
EF1XCaeel PIGYGIKKLQIITVIEDLKVSVDDLIEKITGDFEDHVQSVDIVAFNKI 213

*,  kk kkkk Kk _*kk kk Kk Kk * * *, kkk Kk kk*k

Figure 2 Comparison of amino acid sequences of Eg BR-1Eg EF1) and the EFéland from human (EF1DHuman and EF1BHuman),
Xenopus laevigEF1DXenla and EF1BXenla) ar@aenorhabditis elegan&EF1XCaeel) using a multiple (CLUSTAL computer program)
alignment that gives the highest number of identical residues (*). Conserved residues (dots).

The pattern of distribution of specific immunoglobulins Immunolocalization of the native protein in E.
shows that patients with calcified cysts and patients granulosusprotoscoleces and hydatid fluid
with cysts of variuos types, almost one calcified, had
the highest percentage of sera positive for IgE (cysts The monoclonal antibody specific to Eg EB/ was used
of various types 75%, type VII 73%, type IV 44%, type | in immunolotting to investigate the localization of this
38% and type Il 25%), IgG (type VII 63%, cysts of protein in the protoscoleces and in hydatid fluid and to
various types 58%, type Il 50%, type IV 44% and type | determine the molecular mass of the native antigen. The
24%), and 1gG4 (type VII 31%, cysts of various types 28%, monoclonal antibody recognizes two subunits of approxi-
type | 14% and type IV 11%) specific to Eg ER/a mately 25 and 40kDa both in protoscoleces and in
(Figure 5). hydatid fluid in reducing conditions while in hydatid fluid

488 © 1999 Blackwell Science LtcRarasite Immunology21, 485-492
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Kb

Figure 3 Southern blot analysis d&. granulosuggenomic DNA.
DNA from E. granulosusvas digested witfEcoRI. After
electrophoresis and blotting, the filter was hybridized to¥e
labelled Eg EF-8/6 cDNA. Molecular weights are indicated on the
left.

in nonreducing condition it recognizes a broad band
with high molecular weightX200kDa) 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 th@ and 6 subunits of
elongation factor-1.

DISCUSSION

Echinococcus granulosegongation factor B/6 with immunogenic activity

kDa i
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Figure 4 Western blot showing the molecular mass (33-1kDa) of the
recombinant protein encoded by the cDNA of clone Eg BR-1
following subcloning into pQE-31, induction with isoprop§ie-
thiogalactoside and purification under denaturing conditions. The
purified, recombinant protein (gy) 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.

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 (Siracusanetal 1993). The
high IgE response found in this study seems to assign to Eg
EF-18/6 a key role in the allergic disorders in cystic

Cystic echinococcosis shares with other helmintiases threeechinococcosis. Among the IgE positive patients, six were

responses typical of immediate hypersensitivity reactions:
elevated IgE/IgG4 antibodies production, eosinophilia and
mastocitosis (Williams 1979, Affermt al. 1984, Acetiet al.

1993). Moreover IgE, which decreases rapidly in serum of

negative for total IgG against Eg ERB/b, suggesting the
possible occurence of a direct splicing IgMIgE (Vercelli
etal. 1998). In a recent study, using sheep hydatid fluid as
antigen in ELISA, we observed a significant correlation

patients after surgery or with success of chemotherapy, maybetween IgE and 1gG4 production (Rigaeb al. 1995b).

be a useful marker indicating the outcome of CE (Aeetl.
1993, Rigancet al. 1995a). The immunoscreening of Bn
granulosusexpression library with IgE from CE patients
permitted us to isolate a cDNA clone which shares sub-
stantial identity with thes andé subunits of the elongation
factor 1. In immunoblotting analysis, the Eg EBA
recombinant protein shows immunological reactivity with

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

sera from CE patients: 51-7% of sera contained IgE, 41-7%immune response to infections, the cytokines have a role in

© 1999 Blackwell Science LtdRarasite Immunology21, 485—492
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Table 1 Pattern of IgG4 and IgE reactivity to
Eg EF-13/6 of 60 cystic echinococcosis patients

No of positive serum /
and 39 control subjects

samples in immunoblotting

No of serum

samples 19G 1gG4 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%

regulating antibody isotype production. In recent research, EF-13/6 and human EF-1 is intriguing in view of a possible
we provided evidence that Thl and Th2 cytokine patterns autoimmune response. The study of molecules shared by
are involved in the immune regulation of CE (Rigaeioal. different species, particularly the identification of conserved
1995b, 1996). Further investigations are necessary to clarify epitopes able to stimulate the immune system and to cause
the role of this antigen in the modulation of immune the allergic reaction, could be useful to clarify the complex
response in particular enhancing a Th2 activation through host—parasite relationship.
IL-4 production. The g, 6 and~y subunits of EF-1 are conserved, constitu-
Regarding the IgG determination in Eg EBfdimmunoblot- tive proteins predominantly located in the endoplasmic
ting, we found high specificity (94-8%) and low sensitivity reticulum region (Sanderstal. 1996). Manetet al. (1996)
(41-7%), probably due to the high purity of the recombinant isolated from a&Candida albicang€DNA expression library a
antigen. This finding seems to exclude the possible use of thisclone coding the EFA by immunoscreening with a poly-
test in the routine immunodiagnosis of CE but it might be clonal antibody against cell wall material suggesting the
employed in areas endemic for cross-reactive parasitic diseases.
The presence of autoantibodies was demonstrated in
patients with CE suggesting its possible association with kDa
immune evasion strategies of the parasite (Btral. 1983,
Mori etal. 1986). The presence of homology between Eg

M IgE
20l [ I19G total 104.00»
[11gG4
5 81.00"
47.70»

Fy
'S 50
= 0 34.60»
O —
iy 28.30»
o
° 30 % e

2 19.20» |

10 i i

0
I I\ \i VIl Various 1 2 3
Cyst type Figure 6 Immunoblotting after SDS-PAGE of protoscoleces (lane 1)

Figure 5 Pattern of distribution of immunoglubilin (Ig)E, total IgG and hydatid fluid (lane 2) under reducing conditions and hydatid fluid
and |gG4 specific to Eg EFBLS in the 60 cystic echinococcosis under nonreducing conditions (lane 3) revealed with the monoclonal
patients divided according to the type of cysts following the antibody specific to Eg EFALS. Molecular weights are indicated on
classification of Caremartal. (1996). the left.
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presence of this subunit also in the cell wall. We identified Devereux J., Haeberli P. & Smithies O. (1984) A comprehensive set of
the Eg EF-B/6 by immunoblotting with specific mono- analysis programs for the VAXucleic Acid Research2,387-395

. . . . 1 Ersfeld K. & Craig P. (1995) Cloning and immunological characterization
clonal antibody both in protoscoleces and in sheep hydatid of Echinococcus granulostesritin. Parasitology Researdil,382—387

ﬂu'd_' The higher percentage_ of humor_al immgne_response Esteves A., Dallagiovanna B. & Ehlrich R. (1993) A developmentally
against EQEF-3/6 observed in CE patients with inactive regulated gene oEchinococcus granulosusodes for a 15.5 kilo-
cysts (type VII) than in CE patients with active cysts (mainly ~ dalton polypeptide related to fatty acid binding proteiktlecular
type I-Il) indicates the possible release of significant _ Biochemical Parasitolog$8, 215-222
amounts of protein in the hydatid fluid after protoscoleces Facon B., Chamekh M., Dissous C. & Capron A. (1991) Molecular
d . . e : cloning of an Echinococcus granulosugrotein expressing an

egeneration. It remains to be clarified whether elongation  jmmunogenic epitope of antigen Btoleculal Biochemical Parasit-
factor release occurs only in deteriorating cysts during ology45, 233-240
ageing, calcification or drug treatment or whether it is FroschP., Hartmann M., Muhisclegel F. & Frosch M. (1994) Sequence
an active process of secretion with significance for the heterogeneity of the echinococcal antigerMB®lecular Biochemical

. . . . . I Parasitology64, 171-175

host—parasite relationship. Again, further investigations

. . . . . Janssen G.M.C., Maessen G.D.F., Amons R. & Moeller W. (1988)
need to clarify the possible use of this antigen in the — pposynorilation of elongation factor S1by an endogenous

immunosurveillance of CE. kinase affects its catalytic nucleotide exchange actiiburnal of
To date, all recombinan€. granulosusantigens of Biological Chemistry263,11063—-11066

potential interest for immunodiagnosis have been employed ManeuV., Cervera A.M., Martinez J.P. & Gozalbo D. (1996) Molecular

to investigate the IgG response (Fagial. 1991, Shepherd cloning and characterization of @andida albicansgene EFB1)

coding for the elongation factor EF31 FEMS Microbiological
etal. 1991, Estevest al. 1993, Frosclet al. 1994, Ersfeld & Letteilﬁ 157_1629 7 ’

Craig 1995). This is the first report describing an Mori H., Wemli B., Weiss N. & Franklin R. (1986) Autoantibodies in
E. granulosusrecombinant antigen recognized by serum  humans with cystic or alveolar echinococcodisansactions of the

IgE/IgG4 from CE patients. The immune interactions that _ Royal Society of Tropical Medicine and Hygie8tk, 978980

are necessary to eradicate invasive helminth parasites ard " ¢ Pastore C. &Valesini G. (1983) Circulating immune complexes
in sera of hydatid patients infected witchinococcus granulosus

extre.me'ly complex and are likely to require antibodies. of " Clinical and Experimental Immunologs, 573—578

specific isotypes and multiple types of effector cells. Having Rigano R., Profumo E., loppolo Set al. (1995a) Immunological
recombinant antigens involved in the immune response markers indicating the effectiveness of pharmacological treatment
should help to define the precise role that specific antibody in human hydatid diseas€linical and Experimental Immunology

) . . . . . 102,281-285
isotypes and the cytokines play in human helminth infection. RiganoR., Profumo E., Di Felice Get al.(1995b)in vitro production of

cytokines by peripheral blood mononuclear cells from hydatid
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