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Abstract Tegument antigens of tapeworm play an important
role in modulation of host response and parasite survival.
Characterizing appropriate antigens for parasite infection di-
agnosis and vaccination is rational and could have both eco-
nomic and epidemiological significance in poultry industry. In
the present study, a major protoscolex homologue (named
RT10) of Echinococcus and Taenia spp. was amplified from
Raillietina tetragona cestode. The RT10 cDNAwas 1,877 bp
long containing an open reading frame of 1,683 bp nucleo-
tides, which encoded a deduced protein of 560 amino acids
with an isoelectric point of 6.33. Secondary structure analysis
demonstrated that RT10 was both hydrophilic and antigenic,
and possessed N-terminal FERM domain and C-terminal
ERM domain, respectively. With the same structural proper-
ties of previously reported antigens from Echinococcus and
Taenia spp., RT10 tegument antigen had a more than 82 %
similarity in nucleotide level with initially reported antigens
from Echinococcus and Taenia spp., and a more than 83 %
similarity in protein level, with the highest similarity of
85.2 % to Taenia antigen H17g. In addition, phylogenetic
analysis illustrated a high consistency between different genus
antigens and evolutionary branching. Although the detailed
function of RT10 is still unknown, the high sequence
conservation and structural similarity to formerly identi-
fied tegument antigens from Echinococcus and Taenia
spp. suggested that RT10 may play a similar role as the
previous reported antigens between cestode and host. It
is significant to clarify the antigenic and serodiagnostic
characteristics in the subsequent work.

Introduction

Cestode tapeworm infection brought great economic losses to
the poultry industry, especially in developing areas, such as
Africa and South Asia (Abdelqader et al. 2008; Hassouni and
Belghyti 2006; Puttalakshmamma et al. 2008; Phiri AMP
et al. 2007; Magwisha et al. 2002; Permin et al. 1997;
Poulsen et al. 2000; Shah et al. 1999; Salam et al. 2010).
These losses were in forms of reduced weight gain, retarded
growth, decreased egg production, obstruction of intestine,
diarrhea, morbidity and mortality (Anwar et al. 1991). The
cestode infection rates were high and varied a lot depending
on geographical areas and climate conditions. Tapeworm in-
fections reported from traditional poultry were mainly the
genus of Raillietina cestodes (Salam et al. 2010). The inter-
mediate hosts of the parasite are mainly the ants which carry
infectious cysticercoids of the Raillietina cestodes. The
chickens become infected with Raillietina tetragona as a
result of eating ants which contain the infectious cysticercoids
of the cestode (Horsfall 1938). Anti-tapeworm drugs such as
niclosamide and pyquiton may be effective to eradicate the
parasite infections in epidemiological areas. However, free-
ranging keeping of chicken and poor management, together
with less use of these anti-tapeworm drugs, were reasons
for the high infection rates in these developing areas
(Avsatthi and Varghese 1981; Hemalatha et al. 1987).
Therefore, finding possible antigens for diagnosis and
prevention against tapeworm infections through vaccina-
tion could have both epidemiological and economic sig-
nificance in these developing areas.

The parasites’ surface antigens are logical candidates for
vaccine development and immunodiagnostic utilities. The
major protoscolex surface antigens of Echinococcus
multilocularis (EM10) and Echnococcus granulosus (EG10)
were originally characterized (Frosch et al. 1991; Frosch et al.
1994). Several groups had also identified truncated cDNA
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clones similar to EM10 and EG10, namely, EMII/3 and
EGII/3 (Felleisen and Gottstein 1994), EM4 (Hemmings and
McManus 1991), and EM18 (Sako et al. 2002). Taenia homo-
logues of the major surface antigen of Echinococcus spp. R-
Tso18 (also named TEG-Tsag, Taenia saginata) and H17g
(also named TEG-Tsol, Taenia solium) were characterized
(Benitez et al. 1998; Ferrer et al. 2003; Gonzalez et al.
2007). The full length and the truncated major surface anti-
gens reported by the previous groups showed the antigens
possessed immunogenic properties and had serodiagnostic
significance. However, the similar major protoscolex surface
antigen in Raillietina genus had never been reported so far as
we knew. To address the question, we had cloned a 1,877-bp
cDNA sequence encoding a putative protein of 560 amino
acids from cestode R. tetragona. Further multi-sequence
alignment revealed that RT10 had more than 82 % similarity
to those of Echinococcus and Taenia spp. antigens both in
nucleotide and protein levels. The high sequential and struc-
tural similarities demonstrated that RT10 may be immunogen-
ic as well, and future work will be focused on production of
anti-RT10 antibody and investigation of the immune response
of the RT10 between the parasite and the host.

Materials and methods

Sampling and extraction of total RNA from tapeworm

Adult R. tetragona tapeworms were obtained by dissecting
chicken intestines purchased from Sanjiao market of South
China Agricultural University, Guangdong, China. After
washing three times with phosphate buffer saline (PBS), the
tapeworms were microscopically photographed and preserved
in liquid nitrogen in aliquots for RNA extraction. The tape-
wormwas crushedwith pestle and lysed using RNAisoTMPlus
total RNA extraction reagent (Takara, Dalian, China). The
procedure of total RNA extraction was performed according
to the manufacturer’s standard instruction.

Reverse transcription of total mRNA

After being quantified and qualified respectively by
spectrophotography and agarose gel electrophoresis stained
with ethidium bromide, the total RNA from R. tetragonawas
reverse-transcribed using M-MLV reverse transcriptase
(Promega) according to the manufacturer’s instruction.

Amplification of partial sequence of RT10 antigen cDNA

Six tegumental antigen mRNA sequences, namely, EM10,
EG10, EMII/3, EGII/3, H17g and R-Tso18 from four species,
were multi-aligned using Clustal X software (Thompson et al.
1997) to find out a homologous sequence for designing a pair

of polymerase chain reaction (PCR) primers using primer
premier 5.0 software. The primers used to amplifying the
partial sequence of RT10 antigen cDNA were as follows:
forward primer, 5′ GGGTTTGAGTATTTACGAGCC 3′; re-
verse primer, 5′ GGTGCAAAGAGCCAAGATG 3′. PCR
was performed using the following program: initial denatur-
ation at 94 °C for 5 min, 30 cycles of denaturation at 94 °C for
30 s, annealing at 46 °C for 30 s, extension at 72 °C for 30 s,
and a final extension at 72 °C for 10 min. The DNA product
was examined by agarose gel electrophoresis and ethidium
bromide staining. Subsequently, the partial DNA product was
purified using an AXYGEN kit and cloned into pGM-T
plasmid (Tiangen, China). The recombinant plasmid then
was transformed into DH5α competent bacteria, and the par-
tial DNA in the plasmid was sequenced by Invitrogen using
the general primers (T7/T7T).

3′ Terminal sequence amplification of RT10 cDNA

The 3′ terminal sequence of RT10 antigen was amplified by
use of RACE (rapid amplification of cDNA ends (Frohman
et al. 1988) method. As previously described, the reverse
transcription except of total RNA from R. tetragona was
performed using another primer 5′ GGCCACGCGTCGAC
TAGTACTTTTTTTTTTTTTTTTTTT 3′. The reversely tran-
scribed product was diluted for PCR amplification, and a pair
of specific PCR primer was generated using Primer Premier
5.0 software according to the previous partial RT10 cDNA
sequence. The specific primers were as follows: forward
primer, 5′ CCTGGGTTTGAGTATTTACGAGC 3′; reverse
primer, 5′ GGCCACGCGTCGACTAGTAC 3′. The PCR re-
action program was as follows: 5 min for initial denaturation,
30 cycles of denaturation at 94 °C for 30 s, annealing at 65 °C
for 30 s, extension at 72 °C for 90 s, and 10 min for the last
extension. The PCR product was subjected to electrophoretic
purification and ligated into pGM-T plasmid for sequencing.

5′ Partial sequence amplification

Six tegument antigen sequences from species mentioned
above were multi-aligned, and a conserved sequence located
at start codon was used to design a forward degenerate primer
as 5′ ATGTTGAA GAGGRGTAAGAAT 3′, where “R”
stands for A or G nucleotide. However, the backward primer
used to amplify the 5′ partial sequence was the same backward
primer used in cloning the previously partial sequence. The
sequence of the PCR program was initial denaturation at
94 °C for 5 min followed by 30 cycles at 94 °C for 30 s,
annealing at 62 °C for 30 s, extension at 72 °C for 60 s, and
lastly, 10 min for extension. Subsequently, purification and
sub-cloning, together with sequencing of PCR product of 5′
partial sequence, were performed as previously described.
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Sequences assembly and bioinformatic analysis of the RT10
antigen

The DNA sequence assembly of RT10 with the three partial
sequences amplified previously was carried out using Seqman
of Lasergene software packages (DNASTAR, Madison, WI,
USA). Thereafter, cDNA sequences including open reading
frame, 3′ untranslated region, as well as polyadenylation sig-
nal were analyzed. Assembled RT10 cDNA sequence was
deposited in the NCBI GenBank. With the predicted amino
acid sequences encoded by RT10 antigen, the molecular mass,
isoelectric point, along with amino acid composition were
studied by use of Protean of Lasergene software packages
(DNASTAR, Madison, WI, USA). Furthermore, protein se-
quence was entered into websites http://www.cbs.dtu.dk/
services/TMHMM (Krogh et al. 2001) for transmembrane
analysis and http://www.cbs.dtu.dk/services/SignalP/
(Bendtsen et al. 2004) for putative signal peptide expression
analysis. The RT10 antigen was analyzed for potential do-
mains by NCBI Conserved Domain Search program. Protein
secondary structure and antigenic property, along with hydro-
philic characteristic, were analyzed using Protean of
Lesergene software packages (DNASTAR, Madison, WI,
USA). Nucleotide and amino acid sequences of RT10 tegu-
ment antigen together with the antigens of the corresponding
species mentioned above were further multi-aligned using
Clustal X software to see their similarities. Furthermore, the
protein sequences aligning result was subsequently processed
to construct a phylogenetic tree using Mega 3.0 software
(Kumar et al. 2004) by neighbor-joining model, and bootstrap
analysis was done for the tree.

Identification of full-length cDNA encoding RT10 protein
in R. tetragona

Based on the RT10 full-length sequence assembled previous-
ly, a pair of PCR primer was generated to amplify the full
coding sequence of RT10 antigen. The PCR product was
further sub-cloned into pGM-T vector (Tiangen, China) for
sequencing. The primers used to amplify the full coding
sequence were as follows: forward primer, 5′ ATGTTGAA
GAGGGGTAAG 3′; backward primer, 5′ CATGGACTCA
AACTGCTC 3′.

Results

Amplification of the partial sequence of RT10 antigen

The R. tetragona tapeworms were collected from chicken
intestines, and an approximately 200 bp nucleotides fragment
(Fig. 1, lanes 1 to 5) of RT10 cDNAwas amplified using a pair
of PCR primers designed from the multiple-aligned results

(not shown) between six tapeworm tegument antigen se-
quences from GenBank, namely, EM10 (E. multilocularis,
accession number M61186), EMII/3 (E. multilocularis, acces-
sion number U05573), EG10 (Echnococcus granulosus, ac-
cession number: Z29489), EGII/3 (E. granulosus, accession
number: U05574), H17g (T. solium, accession number
AJ581299), R-Tso18 (T. saginatus, accession number
X97000). Subsequently, sequencing of the partial RT10 se-
quence by sub-cloning into pGM-T plasmid and the sequenc-
ing results for blasting on NCBI nr database certified our
expectation that the amplified sequence was the targeted par-
tial fragment of the RT10 sequence (data not shown).

3′ RACE and 5′ partial sequences amplification

3′ RACE method was performed to amplify the 3′ terminal
sequence of RT10 antigen in R. tetragona (Fig. 1, lane 6).
Sequencing result showed the 3′ terminated sequence was a
1,200 bp nucleotide fragment (data not shown). Specifically,
in the amplification of 5′ partial sequence (Fig. 1, lane 7), a
specific primer and a degenerate primer were involved, and
sequencing result showed a 860 bp fragment of 5′ partial
sequence (data not shown). Multi-alignment of 3′ RACE or
5′ partial sequence with previously reported corresponding
antigens from Echinococcus and Taenia spp. demonstrated a
high consistency with these homologues from NCBI
GenBank (data not shown).

Bioinformatic analysis of RT10 antigen sequence

The 3′ terminal sequence, 5′ partial sequence, and firstly
amplified partial sequence were assembled to obtain a total
of 1,877 bp nucleotide sequence of RT10 antigen using
Seqman of Lasergene package software. With the assembled
sequence, the whole coding sequence was amplified to verify
the existence of RT10 antigen (Fig. 1, lanes 8–11). Analysis of
RT10 antigen nucleotide sequence and comparison with those
antigens from other species mentioned above in GenBank
revealed that RT10 antigen had a single open reading frame
of 1,683 bp, followed by a 3′ untranslated region of 194 bp,
which included a possible eukaryotic consensus
polyadenylation signal AATAAA, 16-nucleotide upstream
from the poly(A)+ tail. However, RT10 cDNA sequence was
incomplete as we did not clone the terminus of the 5′ untrans-
lated region. Multiple alignment of other antigens indicated
the 5′ untranslated region range from 25 to 45 bp.
Subsequently, the nucleotide sequence of RT10 was deposited
into NCBI GenBank and is available with accession number
HQ858609. The potential open reading frame of RT10
encoded a full-length protein of 560 amino acid residues, with
a theoretical molecular mass of approximately 65.4 kDa and
an isoelectric point of 6.53. Online Conserved Domain
Searching (NCBI) analysis (Fig. 2, top) showed that RT10
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antigen involved three superfamilies, which from
N-terminal to C-terminal were literally erzin-radixin-
moesin (FERM)_N superfamily, FERM_M superfamily,
FERM_C superfamily, and two multi-domains: B41 and
ERM, respectively. Putative RT10 polypeptide analysis
showed that RT10 protein consisted of an extensive α-
helical regions and a long hydrophilic sequence (Fig. 2,
down). Analysis using SignalP 3.0 server prediction
showed that the RT10 did not contain signal peptide (data
not shown). The prediction of transmembrane regions

indicated that none of transmembrane region existed in
RT10 antigen polypeptide (data not shown).

Sequence similarity and phylogenetic analysis of RT10
antigen

Multiple alignment of RT10 nucleotide (data not shown) and
deduced amino acid sequences with its corresponding homo-
logues from the other species were performed (Fig. 3). The
percentage similarities between RT10 and other homologues

Fig. 1 PCR amplification of tegument antigen RT10 from R. tetragona
cestode. Lanes 1 to 5 were partial cDNA sequence of RT10 antigen in
R. tetragona; lane 6 was the 3′ terminal sequence of RT10 antigen
amplified by means of 3′ RACE methods; lane 7 showed the 5′ partial

sequence terminated at start codon of RT10; lanes 8 to 11 represented the
full-length RT10 coding sequence PCR product; molecular mass of
different bands was as indicated respectively

Fig. 2 Locations of FERM superfamilies, multi-domains (B41 and
ERM), secondary structure (involving α-helix, β-sheet, turn, and coil),
hydrophilicity plot, and antigenic index, and surface probability plot in

putative RT10 protein. Numbers indicate the amino acid positions. RT10
structure was analyzed by Conserved Domain Search (NCBI) and
Lesergene software packages (DNASTAR)
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were shown in Table 1, and the results demonstrated a highest
similarity (85.2 %) between RT10 and H17g in protein level.
In addition, the percentage similarities were all higher than
83 % with the other six antigens in the protein level and
more than 82 % in the nucleotide level. However, a non-
tegument antigen JF-2 (Kurtis et al. 1997) from
Schistosoma japonicum was much less pronounced

(Table 1). Furthermore, protein alignment result was used
to construct a phylogenetic tree using neighbor-joining
model, and the bootstrap test also was performed
(Fig. 4). On the tree, the RT10 protein sequence was
divided into single branch; the Taenia species molecules
(including H17g and R-Tso18 molecules) were located
into a branch; while the Echinococcus species molecules

Fig. 3 Multiple alignment of the deduced amino acid sequences: RT10
of R. tetragona (HQ858609), H17g (TEG-Tsol) of T. solium (AJ581299),
R-Tso18(TEG-Tsag) of T. saginata (X97000), EM10 of E. multilocularis

(M61186), EMII/3 of E. multilocularis (U05573), EG10 of E. granulosus
(Z29489), EGII/3 of E. granulosus (U05574). The alignment was gener-
ated using the Clustal X software. The dots represent the same amino acid
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(EM10, EMII/3, EG10, EGII/3) were affiliated to the
third branch.

Discussion

Tapeworm infection brought great economic losses to poultry
industry, especially in a backyard free ranging environment
where chicken were more susceptible to parasite infections via
litter droppings and scavenging habits (Puttalakshmamma
et al. 2008). Finding new tegument antigens for parasite
diagnosis or vaccination may be both economic and epidemi-
ologically significant in the poultry industry. In the present
study, we characterized a similar protoscolex tegument anti-
gen RT10 from R. tetragona through analysis of the similar-
ities in both amino acid and nucleotide sequences of
protoscolex tegument antigens from Echinococcus and
Taeniacestodes. The bioinformatic analysis showedmore than
82 % similarities between RT10 and Echinococcus or Taenia
spp. antigens in both nucleotide and amino acid level. The
secondary structure prediction showed that RT10 possessed
N-terminal FERM domain and C-terminal ERM domain,
which is the same structure with previous reports (Gonzalez
et al. 2007), suggesting that RT10 could function as a
link between membrane and cytoskeleton as well in

R. tetragona cestode (Lankes and Furthmayr 1991).
Secondary structure prediction of RT10 demonstrated it as a
hydrophilic molecule, which is the same with the previously
reported antigens from Echinococcus and Taenia spp. As a
whole, we can conclude that this putative RT10 antigen could
be a hydrophilic and soluble molecule possessing crucial
importance for modulation of host response and parasite sur-
vival (Gonzalez et al. 2007).

The phylogenetic analysis of RT10 protein sequence with
previously reported antigens from Echinococcus and Taenia
spp. suggested a high evolutionary consistency between the
three genera, namely, each genus was divided into a single
branch. However, the protein sequence alignment of RT10
revealed great differences between 340 and 460 amino acids
with the other four species (Fig. 3). Secondary structure dem-
onstrated that this region is the major sequence of ERM
domain (Fig. 2). Previous reports implicated that the functions
of ERM family were cell-to-cell adherence junctions, cleav-
age furrows, microvilli, and ruing membranes (Sato et al.
1992). However, whether the ERM domain differences be-
tween RT10 and the other six tegument antigens possess
distinctive functions remained to be further investigated.

Although the detailed function of the RT10 antigen is
unknown, the striking homology with antigens from
Echinococcus and Taenia spp. raises the possibility that it
could be a tegument/surface protein, perhaps associated with
parasite growth and mutual interaction between parasite and
host (Felleisen and Gottstein 1994; Frosch et al. 1991). In
addition, protoscolex antigens and truncated peptides previ-
ously reported in Echinococcus and Taenia spp. were regarded
as an excellent diagnostic reagent for both human and animal
oncosphere infections (Ferrer et al. 2003; Gonzalez et al.
2007; Helbig et al. 1993; Kouguchi et al. 2005; Sako et al.
2002; Vogel et al. 1988). It is significant to study the potential
utilities of RT10 as a serodiagnostic antigen in chicken tape-
worm infections. The future work will be focused on the

Table 1 Percentage (%) similarities between RT10 (HQ858609) and Echinococcus or Taenia homologues from GenBank database in both nucleotides
(NT) and amino acid (aa) levels

Name Helminth species Accession number % Similarity Reference

NT aa

EM10 E. multilocularis M61186 82.8 83.8 Frosch et al. 1991

EMII/3 E. multilocularis U05573 82.8 83.8 Felleisen and Gottstein 1994

EG10 E. granulosus Z29489 82.7 84.1 Frosch et al. 1994

EGII/3 E. granulosus U05574 82.2 83.4 Felleisen and Gottstein 1994

H17g(TEG-Tsol) T. solium AJ581299 82.4 85.2 Ferrer et al. 2003

R-Tso18(TEG-Tsag) T. saginata X97000 82.2 83.9 Benitez et al. 1998

JF-2a S. japonicum U13986 51.1 12.0 Kurtis et al. 1997

aA non-tegumental antigen

Fig. 4 Phylogenetic tree constructed with the RT10 protein sequence and
relative tegumental antigen sequences in GenBank using neighbor-join-
ing model. Numbers indicated the bootstrap values
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production of anti-RT10 antibody, serodiagnostic examination
of the tapeworm infection in chickens, and crucially the anti-
gen localization of the parasite.
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