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Introduction: Echinococcosis or hydatid disease is one of 

the most important zoonosis across the world. 

Materials and Methods: The recombinant P29 protein is 

considered as a suitable candidate for evaluating diagnostic 

ELISA to reach a more accurate conclusion. 

Results: In this study the P29 sequence comprised with 

somewhat similar sequences registered in Gene Bank and 

showed 100% identity with P29 sequences derived from 

Echinococcus granolosus (E. granulosus) 

(XP_024351425.1), E. multilocularis (AHA85396.1), 

Endophilin B1 protein of E. granulosus (CDS21096.1). The 

primary and secondary structure of the peptide was analyzed 

due to its characterization of peptide motifs to be expressed 

on MHC Class HLA allels. 

Conclusion: The recombinant P29 derived peptides can be 

produced and analyzed due to be determined as vaccine 

design candidate against Hydatidosis. 
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Introduction 

Echinococcosis or hydatid disease is one of 

the most important zoonosis across the 

world. The causative agent is the 

metacestode stage of Echinococcus 

granolosus (E. granulosus) that infects 

humans and many other mammals as its 

intermediate hosts (1). Several diagnostic 

imaging tools has been used in order to 

identify infection, (2) but the necessity of 

rapid reliable screening tests for early 

diagnosis of new cystic echinococcosis 

(CE) and follow-up treated CE cases, led to 

design and production of novel serological 

tests such as produce recombinant proteins 

and species-specific antigens for detection 

the CE infection (3). There are many 

antigens in fluid taken from the cyst, 

however the complex mixture of its 

substances and the immunological cross 

reactions led to design recombinant Ags 
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taken from different parts of the parasite 

(4). Two-D Clean-up Kit and dialysis of 

three-D images of separated spots were 

done and the use of Progenesis SameSpots 

software showed the best result (5). The 

relationship between the parasite and the 

host can be handled by several intermediate 

protein such as P29 antigen. Since the 

antigen B known as the main diagnostic Ag 

for the disease has the cross reaction with 

P29, it can be considered as a diagnostic 

tool or vaccine preparation process (6).  P29 

is not secreted outside the infected cells and 

is expressed in all stages of the parasite life 

cycle, therefore can play a major role in 

providing immunity against the parasite. 

The P29 antigen has been considered as a 

good candidate for monitoring of the 

patients after the surgical process of 

Hydatid cyst (7). A recent study confirmed 

that in mice immunized with rEg.P29 the 

activation of T cells will be elicited and 

amino acids 86-100 of rEg.P29 as T cell 

receptor epitopes elicit significant antigen-

specific IFN-γ production in CD4 and CD8 

T cells and promotes specific T-cell 

activation and proliferation (8). REgP29 

could also be considered as an effective 

DNA vaccine for controlling of E. 

granulosus prevalence in intermediated 

host (9). Class I molecules of the MHC 

Cytotoxic T lymphocytes (CTLs) express 

peptides derived from parasitic and viral 

infections as a part of the immune system 

concerned with recognition of host cells 

that express new antigens (10). The 

structure of HLA-B27 shows nonamer self-

peptides bound in an extended 

conformation (11). Newly synthesized 

proteins are degraded into peptides in the 

cytoplasm, and after be transported to the 

endoplasmic reticulum will be bound to 

class I molecules, and then expressed on the 

cell surface (12). All the process is 

controlled by a gene in the human major 

histocompatibility complex class II region 

(13). 

MHC Major histocompatibility complex 

class II (MHC II) molecules are expressed 

on the surface of antigen-presenting cells 

and initiate the CD4(+) T cell response 

(14). In this study the character of 

recombinant P29 to be expressed on MHC 

molecules was evaluated.   

Materials and Methods 

Gene synthesis was carried out by the 

ShineGene Company (Shanghai, China) in 

length of P29 as 730 bp. This gene in the 

pUCc57 public vector was sent by the 

manufacturer. Expression plasmid pET-

28a, carrying the resistance gene to 

Kanamycin, was considered as the vector 

for the P29 gene. The cut p29 gene was 

cloned by ligation of the T4DNA ligase 

enzyme in the pET-28a vector and was 

transformed into E. coli DH5a bacterium. 

Then, the bacteria containing the 

recombinant vector were cultivated on agar 

plates. Finally, the recombinant plasmid 

was introduced into Escherichia coli strain 

BL21, and recombinant plasmid P29/pET-

28a was cultured on kanamycin plat. 

Separation of the recombinant protein was 

carried out by the kit based on the isolation 

of histidine-sequenced proteins (15). The 

recombinant P29 synthesized gene was 

about 730bp. The recombinant DNA was 

first sequenced and comprised to other P29 

sequences registered in GeneBank under 

accession numbers XP_024351425.1, 

AHA85396.1, CDS21096.1 and 

CAE1271104.1. The latest accession 

number was determined as a far species 

with low homology percentage rate. 

Sequences were aligned using BioEdit 

ClustalW multiple Allignment program. 

The insert DNA was then cloned in pET-

28a vector and expressed in E. coli strain 

BL21.  All the results are published and 

discussed previously (15) and the specific 

recombinant P29 protein is discussed here. 

2nd and 3rd structures of P29 peptide were 

predicted and analysed using ProtParam 

online tool and the availability of P29 

different motifs to be expressed on MHC 

class I and II HLA-alleles were predicted 

using Genscript online tool. For analysis of 

immunoblotting, after separation of 

proteins on the SDS-PAGE gel, using the 
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western blotting method, they were 

transferred to the nitrocellulose membrane. 

After the electrophoresis stage, the 

nitrocellulose membrane was cut to gel size 

and was placed in the transfer buffer 

(including methanol 20%, Tris base 23 

mM, and 192 mM Glycine) for 10 min. 

Then, the gel and membrane were placed 

inside the Bio-Rad western transfer system, 

according to the protocol. The 

transformation from gel to the membrane 

was done at the voltage of 100v, the 

temperature of 4 ºC for 60 min. Then, the 

membrane was placed in the blocking 

buffer containing BSA 5% and NaCl 137 

mM, and Na2HPO4 4.3 mM and KCl 2.7 

mM at 4ºC overnight. Then, the membrane 

was washed in three steps with phosphate 

buffer containing Tween 20 0.05% (10-min 

shaking for each time). After washing the 

membrane, AntiHis monoclonal antibody 

was added to the membrane at an initial 

dilution ratio of 1:5000, and the membrane 

was placed on a shaker for 90 min at room 

temperature in a buffer. again, and the 

membrane was washed with PBST buffer 

(including NaCl 137 mM and Na2HPO4 

4.3 mM, KCl 2.7 mM and KH2PO4 1.4 

mM, and Tween20 0.05%) in 3 10-min 

steps. Then, the membrane was styled in a 

buffer containing HRP conjugated anti-His 

Antibody gout with a dilution ratio of 

1:8000 as a secondary antibody for 90 min. 

The membrane was again washed in a 10-

min buffer. In the end, -diaminobenzidine 

(DAB) 3.3 at 25 mg of concentration was 

dissolved in 50 ml of Tris 100 mm buffer, 

and the membrane was placed in it. After 

the bands were determined, the coloring 

reaction was stopped by washing with 

distilled water (15). 25 human serum 

samples obtained from infected people who 

undergo to hydatid cyst surgery in Emam 

Khomeini Hospital, related to Tehran 

University of Medical Sciences were 

collected. Human serums with 5 different 

dilute of 1:10, 1:100, 1:200, 1:400, and 

1:800 were analyzed based on indirect 

ELISA method using the prepared P29 

recombinant antigen. Also, 20 negative 

control serums, from healthy individuals 

without hydatidosis infection were utilized 

in the ELISA, mainly adolescents and 

children. For verification of tests, all 

subjects also were evaluated using an 

ELISA commercial kit (Pishtaz Medicine, 

Tehran, Iran). All samples were stored at - 

30 ºC until use. In this study, the sensitivity 

and specificity of P29 antigen were 

evaluated (15).   

Results 

The recombinant DNA was first sequenced 

and aligned to other P29 sequences 

registered in GeneBank under accession 

numbers XP_024351425.1, AHA85396.1, 

CDS21096.1 and CAE1271104.1 using 

BioEdit ClustalW multiple Alignment 

program. The P29 sequence in this study 

showed 100% identity with P29 sequences 

derived from E. granulosus 

(XP_024351425.1), E. multilocularis 

(AHA85396.1), Endophilin B1 protein of 

E. granulosus (CDS21096.1) and 27% 

homology with peptide derived from Sepia 

pharaonis (CAE1271104.1) as an example 

of far phylogenetic tree species. The full 

Alignment result is not shown.  Analysis 

the first (linear) structure of peptide using 

ProtParam online tool showed the total 

amino acid residues of 259 with the 

molecular weight of about 29 kD as 

expected. Lysine, Glutamine and Alanine 

are the most frequent residues of the 

peptide with the frequency percentage of 

11.2%, 10% and 9.3% respectively (Table 

1).  Figure (1). shows the 3D prediction of 

P29 recombinant protein. Water molecular 

weight of recombinant P29 was calculated 

18.015 according to the formula below; 

water Molecular weight = sum of 

individual residues weights - water 

molecular weight  (number of residues - 1).  

Prediction of the P29 peptide motifs bound 

to MHC Class I/II binding sites were done 

using peptide analyzing tool to assist 

peptide design online program. P29 protein 

gel electrophoresis SDS-PAGE is shown in 

Figure (2). ELISA results of 25 human 
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serum against recombinant P29 protein as 

Ag is shown in Figure (3).

Table 1. Frequency of amino acid residues in recombinant P29. 
Amino acid Number in recombinant P29 Frequency percentage 

Ala A 24 9.3% 

Arg R 10 3.9% 

Asn N 13 5.0% 

Asp D 17 6.6% 

Cys C 3 1.2% 

Gln Q 13 5.0% 

Glu E 26 10.0% 

Gly G 7 2.7% 

His H 9 3.5% 

Ile I 11 4.2% 

Leu L 20 7.7% 

Lys K 29 11.2% 

Met M 7 2.7% 

 

 

Figures 1. The third predicted structure of P29 recombinant protein with homology to SH3-containing GRB2-

like protein 2 Crystal structure of the endophilin BAR domain mutant. 

 

 

 
Figures 2. P29 protein gel electrophoresis SDS-PAGE. Well 1: E. coli Bl21-pET 28a-P29, well 2: E. coli Bl21-

pET 28a- P2 ,10 µl, well 3: E. coli Bl21-pET 28, Well 4: 20 µl E. coli Bl21-pET 28a Well 5: Ladder, wells 6 and 

7: Positive and negative control, respectively.   

https://swissmodel.expasy.org/interactive/SJwxkQ/models/
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Figures 3. The results of 25 human serums obtained from people harboring hydatid cysts evaluated by ELISA 

using P29 recombinant protein. Cut off = 0.4, Serum samples obtained from subjects. 

 

Discussion 

Hydatidosis is one of the most important 

parasitic diseases that arises highly 

emerging economic problems annually 

around the world (16). 

Due to the use of different antigens in 

serological tests to detect hydatidosis (17) 

and the diagnosis of hydatid cyst using 

parasite-specific antigens as an 

immunogenic detective tool (15) but the 

usage of this method is reduced because of 

the cross reactions occured between 

antigens of hydatid cyst fluid and other 

parasitic diseases (18). Native antigens are 

extracted in from the corresponding source 

and show the native structure but 

recombinant antigens are instead 

manufactured artificially. A common 

method of making recombinant antigens is 

to transform the heterologous expression 

system with a vector expressing the protein 

of interest, following which the expressed 

protein can be purified from the culture 

broth. Regarding the recombinant antigens, 

although these may exhibit key structural 

differences to the native protein, with 

recent advances in protein engineering, 

they can now better mimic their native 

counterparts. Another aspect of using 

recombinant antigens in Immunogenic tests 

is that cross reactive-responses reduced by 

the recombinant antigens (19). Yuqing 

showed that Two different recombinant 

antigens derived from E. granulosus, 

Echinococcus protoscolex calcium binding 

protein 1 (rEg-EPC1) and thioredoxin 

peroxidase (rEg-TPx) were evaluated in 

this study to detect the specific 

immunoglobulin G (IgG) in sheep and goat 

with CE by the indirect enzyme-linked 

immunosorbent assays and the best 

diagnostic results were obtained in the anti-

TPx IgG ELISA, with 92.6% sensitivity, 

98.8% specificity, and no cross-reactivity 

with anti-Eg95 IgG (20).  

The 12.8 KDa EPC1 antigen has a high 

reported sensitivity in detection the disease. 

(21). Recombinant Eg. P29 (rEg.P29) has a 

marvelous immunoprotection and can 

induce Th1 immune response (22). 

In the present study, the recombinant DNA 

was first sequenced and comprised to other 

P29 sequences registered in GeneBank 

under accession numbers 

XP_024351425.1, AHA85396.1, 

CDS21096.1 and CAE1271104.1. The 

latest accession number was determined as 

a far species with low homology percentage 

rate. 25 human serum samples obtained 

from infected people who undergo to 

hydatid cyst surgery in Emam Khomeini 

Hospital, related to Tehran University of 

Medical Sciences were collected. Human 

serums with 5 different dilute of 1:10, 

1:100, 1:200, 1:400, and 1:800 were 

analyzed based on indirect ELISA method 
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using the prepared P29 recombinant 

antigen. Also, 20 negative control serums, 

from healthy individuals without 

Hydatidosis infection were utilized in the 

ELISA, mainly adolescents and children. 

For verification of tests, all subjects also 

were evaluated using an ELISA 

commercial kit (Pishtaz Medicine, Tehran, 

Iran).  All 25 Hydatidosis serums reacted 

positively with P29 protein (Massih et 

al).In this study the P29 sequence 

comprised with somewhat similar 

sequences registered in Gene Bank and 

showed 100% identity with P29 sequences 

derived from E. granulosus 

(XP_024351425.1), E. multilocularis 

(AHA85396.1), Endophilin B1 protein of 

E. granulosus (CDS21096.1) and 27% 

homology with peptide derived from Sepia 

pharaonis (CAE1271104.1).This result 

confirms that P29 can be determined as a 

suitable candidate for designing serological 

detecting method of Hydatidosis with high 

sensitivity and specificity as expected that 

will decrease the cross reactivity with other 

parasites of the family Taenidae. Analysis 

of the second and third structure of the 

recombinant P29 showd homology to SH3-

containing GRB2-like protein 2 BAR 

domain mutant. Analysis of peptide motifs 

which can be expressed in MHC-Class 

HLA of the immunologic system showed 

that P29 recombinant protein can be 

determined as a suitable Ag for vaccine 

development against Hydatidosis in future 

studies. 

Conclusion 

The recombinant P29 derived peptides can 

be produced and analyzed due to be 

determined as vaccine design candidate 

against Hydatidosis. The results may lead 

to be immune against other tape worm 

infections with Taenidae family.  

Acknowledgment 

This paper is a part of Ph.D thesis  with code 

234 of the senior author and financially 

supported by Science and Research Branch 

of Islamic Azad University, Tehran. 

Conflict of Interest 

The authors declare that they have no 

conflict of interest.

 

References 

1. Díaz A, Casaravilla C, Irigoín F, Lin G, 

Previato JO, Ferreira F. Understanding 

the laminated layer of larval 

Echinococcus I: structure. Trends 

Parasitol. 2011;27(5):204-13. doi: 

10.1016/j.pt.2010.12.012.  

2. Zeinali M, Mohebali M, Shirzadi MR, 

Rahimi Esboei B, Erfani H, 

Pourmozafari J, Ghanbari M. Human 

Cystic Echinococcosis in Different 

Geographical Zones of Iran: An 

Observational Study during 1995-2014. 

Iran J Public Health. 2017;46(12):1623-

1631.  

3. Ahn CS, Han X, Bae YA, Ma X, Kim 

JT, Cai H, Yang HJ, Kang I, Wang H, 

Kong Y. Alteration of 

immunoproteome profile of 

Echinococcus granulosus hydatid fluid 

with progression of cystic 

echinococcosis. Parasit Vectors. 2015; 

8:10. doi: 10.1186/s13071-014-0610-7.  

4. Kagan IG, Agosin M. Echinococcus 

antigens. Bull World Health Organ. 

1968;39(1):13-24.  

5. Sedaghat B, Hajjaran H, Sadjjadi FS, 

Heidari S, Sadjjadi SM. Proteomic 

characterization of hydatid cyst fluid: 

two-dimensional electrophoresis (2-

DE) setup through optimizing protein 

extraction. BMC Res Notes. 

2021;14(1):22. doi: 10.1186/s13104-

020-05433-3.  

6. Wang H, Li Z, Gao F, Zhao J, Zhu M, 

He X, Niu N, Zhao W. 

Immunoprotection of recombinant Eg. 

P29 against Echinococcus granulosus in 

sheep. Vet Res Commun. 2016 



P29 Recombinant Protein Immunogenicity in Hydatidosis 

29 
 

29 

Jun;40(2):73-9. doi: 10.1007/s11259-

016-9656-7.  

7. Ben Nouir N, Gianinazzi C, Gorcii M, 

Müller N, Nouri A, Babba H, Gottstein 

B. Isolation and molecular 

characterization of recombinant 

Echinococcus granulosus P29 protein 

(recP29) and its assessment for the post-

surgical serological follow-up of human 

cystic echinococcosis in young patients. 

Trans R Soc Trop Med Hyg. 

2009;103(4):355-64. doi: 

10.1016/j.trstmh.2008.09.020.  

8. Lv Y, Zhu Y, Chang L, Yang J, Zhao Y, 

Zhao J, Wang Y, Zhu M, Wu C, Zhao 

W. Identification of a dominant murine 

T-cell epitope in recombinant protein 

P29 from Echinococcus granulosus. 

Acta Biochim Biophys Sin (Shanghai). 

2022;54(4):482-493. doi: 

10.3724/abbs.2022036.  

9. Gharibi Z, Rahdar M, Pirestani M, 

Tavalla M, Tabandeh MR. The 

Immunization of Protoscolices P29 

DNA Vaccine on Experimental Cystic 

Echinococosis in Balb/c Mice. Acta 

Parasitol. 2021;66(4):1114-1121. doi: 

10.1007/s11686-021-00367-7.  

10. Townsend A, Bodmer H. Antigen 

recognition by class I-restricted T 

lymphocytes. Annu Rev Immunol. 

1989; 7:601-24. doi: 

10.1146/annurev.iy.07.040189.003125.  

11. Madden DR, Gorga JC, Strominger JL, 

Wiley DC. The structure of HLA-B27 

reveals nonamer self-peptides bound in 

an extended conformation. Nature. 

1991;353(6342):321-5. doi: 

10.1038/353321a0.  

12. Morrison LA, Lukacher AE, Braciale 

VL, Fan DP, Braciale TJ. Differences in 

antigen presentation to MHC class I-

and class II-restricted influenza virus-

specific cytolytic T lymphocyte clones. 

J Exp Med. 1986;163(4):903-21. doi: 

10.1084/jem.163.4.903.  

13. Spies T, Bresnahan M, Bahrain S, 

Arnold D, Blanck G, Mellins E, et al. A 

gene in the human major 

histocompatibility complex class II 

region controlling the class I antigen 

presentation pathway. Nature. 

1990;348(6303):744-7. 

14. Bozzacco L, Yu H, Zebroski HA, 

Dengjel J, Deng H, Mojsov S, Steinman 

RM. Mass spectrometry analysis and 

quantitation of peptides presented on 

the MHC II molecules of mouse spleen 

dendritic cells. J Proteome Res. 

2011;10(11):5016-30. doi: 

10.1021/pr200503g.  

15. Masih Z, Hoghooghirad N, Madani R, 

Sharbatkhori M. Expression and 

production of protoscolex recombinant 

P29 protein and its serological 

evaluation for diagnosis of human 

hydatidosis. J Parasit Dis. 

2022;46(2):377-383. doi: 

10.1007/s12639-021-01454-2.  

16. Sarkari B, Rezaei Z. Immunodiagnosis 

of human hydatid disease: Where do we 

stand? World J Methodol. 

2015;5(4):185-95. doi: 

10.5662/wjm.v5.i4.185.  

17. Boubaker G, Gottstein B, Hemphill A, 

Babba H, Spiliotis M. Echinococcus 

P29 antigen: molecular characterization 

and implication on post-surgery follow-

up of CE patients infected with different 

species of the Echinococcus granulosus 

complex. PloS one. 2014;9(5): e98357. 

doi: 10.1371/journal.pone.0098357.  

18. Leggatt GR, Yang W, McManus DP. 

Serological evaluation of the 12 kDa 

subunit of antigen B in Echinococcus 

granulosus cyst fluid by immunoblot 

analysis. Trans R Soc Trop Med Hyg. 

1992;86(2):189-92. doi: 10.1016/0035-

9203(92)90566-u.  

19. Virginio VG, Hernández A, Rott MB, 

Monteiro KM, Zandonai AF, Nieto A, 

Zaha A, Ferreira HB. A set of 

recombinant antigens from 

Echinococcus granulosus with potential 

for use in the immunodiagnosis of 

human cystic hydatid disease. Clin Exp 

Immunol. 2003;132(2):309-15. doi: 

10.1046/j.1365-2249.2003.02123.x.  

20. Liang Y, Song H, Wu M, Xie Y, Gu X, 

He R, Lai W, Jing B, Peng X, Yang G. 



P29 Recombinant Protein Immunogenicity in Hydatidosis 

30 

Preliminary Evaluation of Recombinant 

EPC1 and TPx for Serological 

Diagnosis of Animal Cystic 

Echinococcosis. Front Cell Infect 

Microbiol. 2020; 10:177. doi: 

10.3389/fcimb.2020.00177.  

21. Kordafshari S, Hosseini SH, Jalousian 

F, Rajabibazl M, Jones M, Etebar F. 

Evaluation of Dot Immunogold 

Filtration Assay (DIGFA) By 

Recombinant Protein EPC1 for Anti- 

Echinococcus granulosus IgG 

Antibody. Iran J Parasitol. 

2015;10(1):30-8.  

22. Du X, Zhu M, Zhang T, Wang C, Tao J, 

Yang S, Zhu Y, Zhao W. The 

Recombinant Eg.P29-Mediated miR-

126a-5p Promotes the Differentiation of 

Mouse Naive CD4+ T Cells via DLK1-

Mediated Notch1 Signal Pathway. 

Front Immunol. 2022; 13:773276. doi: 

10.3389/fimmu.2022.773276.  

 


