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Identification of Six Introns in a Partial Sequence of Echinococcus
granulosus Paramyosin Gene
Echinococcus granulosus Paramiyozin Geninin Kısmi Dizilimindeki Altı İntronun
Tanımlanması
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ABSTRACT
Objective: Paramyosin is a major protein produced by the metacestode cyst of Echinococcus granulosus, the causative agent of cystic
hydatid disease. This protein has been shown to play an important role in modulating host immune responses. In this study, we attempted
to characterize the noncoding sequence of the paramyosin gene.
Methods: Genomic DNA was isolated from G1 Iranian hydatid cysts. A DNA fragment of 3200 bp in length was amplified from the
paramyosin gene. The polymerase chain reaction (PCR) product was cloned to the pTZ57T vector and sequenced by M13 primers and then
compared with unique cDNA coding sequences of E. granulosus (Z21787) and Taenia solium (AY034087).
Results: Six introns I (107 bp), II (75 bp), III (47 bp), IV (921 bp), V (19 bp), and VI (456 bp) were identified in the partial sequence of the
paramyosin gene. Some nucleotide changes were observed in three exons I, IV, and VI.
Conclusion: This data could help scientists in better understanding the possible alternative splicing and designing a real-time PCR technique
for the evaluation of the transcription levels of paramyosin in the stages of the Echinococcus sp. life cycle. (Turkiye Parazitol Derg 2015; 39: 22-6)
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ÖZET
Amaç: Paramiyozin, kistik hidatik hastalığının etkeni olan E. granulosus’un metasestod kisti tarafından üretilen majör bir proteindir. Bu
proteinin konakçının bağışıklık yanıtını modüle etmede önemli rol oynadığı gösterilmiştir. Bu çalışmada, paramiyozin geninin kodlama
yapmayan dizisini karakterize etmeye çalıştık.
Yöntemler: Genomik DNA G1 İran hidatik kistinden izole edildi. Paramiyozin geninden 3200 baz çifti (bp) uzunluğunda bir DNA fragmanı
amplifiye edildi. PCR ürünü pTZ57T vektörüne klonlandı ve M13 primerleri ile dizilendi ve sonra Echinococcus granulosus (Z21787) ve Taenia
solium (AY034087) dizilerini kodlayan özgün cDNA ile karşılaştırıldı.
Bulgular: Paramiyozin geninin kısmi diziliminde, altı intron tanımlandı: I (107 bp), II (75 bp), III (47 bp), IV (921 bp), V (19 bp) ve intron VI (456
bp). Üç ekzonda (I, IV ve VI) bazı nükleotid değişiklikleri gözlendi.
Sonuç: Bu veriler Echinococcus sp. yaşam döngüsünün evrelerinde paramiyozinin transkripsiyon seviyelerinin değerlendirilmesinde
gerçek zamanlı PCR tekniğinin olası alternatif zincirleme ve tasarımının daha iyi anlaşılması için bilim adamlarına yardımcı olabilir.
(Turkiye Parazitol Derg 2015; 39: 22-6)
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INTRODUCTION
Paramyosin (Pmy) is the majority invertebrate filament protein
(1). Pmy is an α-helical protein that has been characterized as an
integral muscle protein in invertebrates (2) such as Caenorhabditis
elegans (3), Drosophila melanogaster (4), and a range of human
parasites such as Schistosoma mansoni (5), Schistosoma japonicum (6), Onchocerca volvulus (7), Taenia solium (8), and
Echinococcus granulosus (9). Pmy, which was previously named
antigen B (AgB), was used in some immunodiagnostic tests (10,
11). However, the genomic structure of this gene still remains
unclear in some helminthes such as E. granulosus.
The Pmy protein was detected in the tegument of E. granulosus
and T. solium. It is likely that the external and intra tegumental
Pmy is produced by the subtegumental cells within cell bodies
located under the outer muscle fibers (9).
On the other hand, Pmy may be formed within the muscle fibers.
This protein is secreted into the tegument coating it and may
pass to the external surface through it. An additional source for
surface Pmy, at least in larvae, could be secretions of the post
acetabular glands, as shown for S. japonicum cercariae (12). Pmy
has revealed potential properties as a vaccine candidate against
schistosomiasis and is a main serological immunodeterminant in
immunized mice with non-living schistosomula (13, 14). In addition, vaccination of jirds with a Brugia malayi recombinant Pmy
induces partial immunity to the Dirofilaria (15). Helminths Pmy
have been planned as immunoregulatory molecules that modulate the immune system by repressing the classical pathway of
the complement cascade via the inhibition of complement C1
function in the host (8). They are involved in the immunological
protection mechanism of parasites by acting as Fc receptors and
induce allergenic responses in humans. These results suggested
that Pmy of helminths are multifunctional proteins. Pmy not only
acts as an immunoregulatory molecule interacting with the host
immune system but also acts as a structural protein in muscle
layers to control their contraction physiologically (16). Taenia
solium paramyosin (TPmy) is a prominent antigen in human cysticercosis that shows the ability to bind collagen (17). Immunization
with syn VW2-1 (amino-terminal fragment of TPmy) reduced
43%-48% of the parasite load; these values were close to the
52% obtained with the recombinant product (18).
The evidence of producing isoforms because of alternative splicing for Pmy in Drosophila was observed in a study (19). The
sequence of the exon for mPmy, which is located on the intron
flanked by exons VII and VIII in the D. melanogaster gene, was
not found on the homologous intron of the TPmy gene that is
naked by exons 10 and 11; the intron size between these two
exons is smaller (244 bp) than the size of exon mPmy (524 bp),
thus leaving no room for the alternative splicing exon in T. solium
(19). The structure of Pmy genes is only available for D. melanogaster (1) and C. elegans (3). The T. solium Pmy gene was 6,106
bp long from the start to the stop translation codons, containing
57.5% of intervening sequences in 13 introns, whereas the genes
in D. melanogaster and C. elegans are 9,003 and 11,432 bp long,
with a content of 76.9% and 70.5% intervening sequences in
eight and 10 introns, respectively (19). The predicted amino acid
sequence for E. granulosus larvae showed 71.4% identity to the
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Schistosoma mansoni Pmy and a significant homology to a 17
amino-acid peptide sequence from antigen B of T. solium. These
data concluded that EG36 is the Pmy of E. granulosus.
Immunoblot analysis revealed the expression of a 97-kDa protein in the E. coli clone and that of a protein with a similar molecular weight in protoscolices from E. granulosus and E. multilocularis as well as in E. granulosus cyst fluid (9).
Immunofluorescence studies showed that EG36 was localized
throughout the tegument of E. granulosus and E. multilocularis
larvae (9). The genomic structure of Pmy gene in E. granulosus
was unclear. In this study, we attempted molecular analysis of E.
granulosus Pmy gene at the DNA level.

METHODS
Hydatid cysts were collected from the infected tissues of sheep.
The DNA was extracted from the germinal layer of cyst by the
phenol-chloroform-isoamyl alcohol method, as described previously (20). Two primers were designed with the Oligo version 5.0
software (Wojciech Rychlik, National Biosciences, Inc, USA): forward 5′-CAT GGA TCC ATG TCT GAA TCA CAC GTC AAG-3′
and reverse 5′-CCG CTC GAG CGC TCA TGT TCA GCA ATA
TC-3′. Polymerase chain reaction (PCR) was performed in a 50 µL
reaction mixture containing 5 µL of 10x reaction buffer, 1 µL of
mixed dNTPs (2.5 mM each), 1 unit Taq DNA polymerase
enzyme (Roche Diagnostic, Germany), 10 pmol of each primer,
100 ng of DNA template, 1.5 mM MgCl2, and deionized water up
to 50 µL. The PCR program was conducted at 94°C for 3 min, 35
cycles of 94°C for 30 s, 52°C for 30 s, 72°C for 3 min, and 72°C
for 5 min.
Cloning of PCR product and DNA sequencing:
The PCR product was purified by the PCR product purification kit
(Roche Diagnostic, Germany). The PCR product of the Pmy gene
was electrophoresed to low melting point (LMP) agarose , and
the distinct band was purified from the gel. The ligation reaction
prepared with plasmid T-vector in 0.165 µg, 0.18 pmol ends and
0.54 pmol ends purified PCR fragment, 1x ligation buffer, 1 µL
PEG 4000 solution, 5 units of T4 DNA ligase, and deionized water
up to 30 µL. The ligation mixture was incubated at 22°C for 16 h.
The ligation product was transformed to E. coli, strain Xl1blue,
and the white colony was selected by the LcZ genetic marker and
direct colony PCR (20). The positive plasmid was purified and
sequenced by M13 primers (MWG Co., Germany). The sequences were analyzed using BLAST software (NCBI, USA).

RESULTS
A partial sequence of the EgPmy gene of 3200 bp in length was
sequenced by M13 primers and was compared to the unique
coding sequence of E. granulosus (Z21787) and T. solium
(AY034087) in GenBank (Figure 1). The results identified six
introns and seven exons in the partial sequence of the Pmy gene
of E. granulosus (Table 1). No homologous sequence was found
in the nucleotide database of NCBI for identified introns. In this
study, the size and position of six introns in the Pmy gene were
identified (Figure. 1, 2a-c).
Six introns I (107 bp), II (75 bp), III (47 bp), IV (921 bp), V (19 bp),
and VI (456 bp) were identified in the sequenced fragment. The
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position of different introns and exons were characterized
(Figure 1, 2a-c). Different nucleotide changes were observed in
exons I, IV, and VI of the Iranian G1 isolate (Figure 2a-c).
Bioinformatic tools (Blast software, NCBI) demonstrated seven
high similar sequences in nucleotide positions (469-716), (198394), (2218-2305), and (3091-3162) with 100% similarity with nucleotide sequences (824-577), (1021-825), (332-245), (188-117) of
unique E. granulosus Pmy mRNA (Z21787), respectively (Table 1).
The other nucleotide position 2565-2635 showed 93% identity
with nucleotide sequences 252-183 of E. granulosus Pmy mRNA
and sequences 37-94 showed only 98% similarity to the nucleotide position 1076-1019 of E. granulosus mRNA. A lower similarity was found at positions 1184-1270 and 579-501 of Pmy mRNA
with 84% similarity (Table 1). These seven similar sequences were
Table 1. Comparison of the levels of Echinococcus granulosus
Pmy in cDNA (EgPmy cDNA) and DNA (EgPmy gene)
EgPmy gene

EgPmy cDNA

Identity % Length bp

37-94

1076-1019

98

57

198-394

1021-825

100

196

469-716

824-577

100

247

1184-1270

579-501

84

86

2218-2305

332-245

100

87

2565-2635

252-183

93

70

3091-3162

188-117

100

71

EgPmy: echinococcus granulosus paramyosin gene

Table 2. Comparison of the Echinococcus granulosus and
Taenia solium Pmy sequence
EgPmy nucleotide TsPmy nucleotide Identity Gaps
position
position
%
% Length
37-940

4865-3982

82

3

903

2090-2103

4900-4887

100

0

13

2114-2158

2495-2451

78

0

44

2180-2867

2406-1724

69

7

687

2953-3163

1713-1506

76

6

210

EgPmy: echinococcus granulosus paramyosin gene; TsPmy: taenia solium
paramyosin gene

exons in the coding region. Because our results showed that
there are six introns between these coding sequences, the first
intron was identified as a 107 bp sequence, and the other introns
with 75 bp, 47 bp, 921 bp, 19 bp, and intron VI with 456 bp were
characterized.
When comparative analysis of the Pmy gene sequences of E.
granulosus (EgPmy) with T. solium (TsPmy) (AY034087.1) was performed, the results showed an identity of 82% between nucleotide sequences 37–940 of E. granulosus Pmy and nucleotide
sequences 4865-3982 of the TsPmy gene and included 3% gaps.
A lower percentage of identity can be found between nucleotide sequences 2180-2867 of EgPmy and nucleotide sequences
2406-1724 of TsPmy gene with 69% identity and 7% gaps. The
third similar nucleotide sequences were found in sequences
2953-3163 of the EgPmy gene and nucleotide sequences 17131506 of the TsPmy gene with 76% identity and 6% gaps (Table 2).

DISCUSSION
Based on the known complete sequence of Drosophila Pmy in a
previous study, some evidence of alternative splicing and isoform development of this protein was observed (19).
The sequence of the exon for D. melanogaster mPmy, located
on the intron flanked by exons VII and VIII in the D. melanogaster
gene, was not found on the homologous intron of the TPmy
gene that is naked by exons 10 and 11; the intron size between
these two exons is smaller (244 bp) than the size of exon mPmy
(524 bp), leaving no room for the alternative splicing exon in T.
solium (21). The structure of Pmy genes is well known for D.
melanogaster (1) and C. elegans (3). The predicted amino acid
sequence for E. granulosus larvae showed 71.4% identity to the
Schistosoma mansoni Pmy and a significant homology to a 17
amino acid peptide sequence from antigen B of T. solium.
Paramyosin is a muscle protein that probably plays a role in the
survival of the larval stage of T. solium during its prolonged
host-parasite relationship. T. solium Pmy contains 13 introns
delimited by conventional eukaryotic splice signals. Comparison
with the Pmy genes of D. melanogaster and C. elegans showed
a lack of conservation of the exon/intron organization in contrast
to other muscle genes.
The genomic structure of the Pmy gene in E. granulosus (EgPmy)
was unclear. In this study, we attempted to identify the noncoding sequences of the EgPmy gene in the Iranian G1 isolate. For
first time, six introns and seven exons in the partial sequence of

Figure 1. Comparative analysis of the 3200 bp fragment of the Pmy gene with the cDNA coding sequence of Echinococcus granulosus
(Z21787) and the sequence of Taenia solium (AY034087) using BLAST software
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design requires the sequence information on the genomic DNA
of a gene (22).

CONCLUSION
Thus, this data could be used to design specific primers for the
evaluation of gene expression levels of Pmy in different stages of
the Echinococcus sp. life cycle using real-time PCR.
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Figure 2. a-c. Identification of seven exons and six introns in the
partial sequence of EgPmy genethe (a-c)
the Pmy gene of a G1 isolate of E. granulosus were identified.
Comparison with T. solium Pmy sequence showed 69%–82%
identity in five regions with EgPmy. Sequencing of the noncoding region could help scientists in better understanding the
possible alternative splicing and other characteristics in the
EgPmy gene.
Successful real-time PCR for the evaluation of the transcription
level of specific mRNA depends on the ability to amplify a short
specific product from mRNA. Classically, this means that primers
should be on both sides of an intron (22). It is possible to amplify cDNA without any genomic DNA contamination. Effective
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