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Abstract

Aim: An immunoproteomic approach was followed to identify immunoreactive antigens of fish 

ectoparasite, Argulus siamensis with rohu (Labeo rohita) immune sera for screening of potential 

vaccine candidates.

Materials and results: The whole adult Argulus antigen was run in 2D electrophoresis with IEF in 7 

cm IPG strips of pH 4-7 and SDS-PAGE with 12% acrylamide concentration. Two parallel gels were 

run; one was stained with silver stain, and the other was western blotted to nitrocellulose paper (NCP) 

and reacted with rohu anti-A. siamensis sera. Fourteen protein spots corresponding to the spots 

developed in NCP were picked from the silver-stained gel and subjected to mass spectrometry in 

MALDI-TOF/TOF. The MS/MS spectra were analyzed in MASCOT software with taxonomy ‘other 

metazoa’ and the proteins identified based on similarity with the proteins from heterologous species. 

The gene ontology analysis revealed a majority of proteins being involved in binding activity in 
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‘molecular function’ and belonging to metabolic processes in ‘biologic process’ categories. The 

possibility of these proteins as vaccine candidates against A. siamensis is discussed in the paper.

Conclusion: Three of the identified proteins namely, bromodomain-containing protein, anaphase-

promoting complex subunit 5, and elongation factor-2 could possibly serve as vaccine candidates 

against argulosis in carps.

Keywords: Argulus siamensis, Immunoproteomics, Labeo rohita, Vaccine

1. INTRODUCTION: 

Aquaculture production makes a considerable contribution to the economy of developing 

countries. The growth of aquaculture is constrained due to different infectious diseases caused by 

bacteria, viruses, and parasites. Among different parasitic diseases, argulosis, a disease caused by a 

crustacean ectoparasite of the genus Argulus causes heavy economic losses to aquaculture production. 

Argulus spp. are the cosmopolitan fish parasites commonly known as fish lice with about 129 species 

are distributed throughout the world.1 Depending upon species, these parasites live on a wide range of 

freshwater or marine fish species as hosts for the most part of their life cycle and the intensity of 

infections are higher on cultured fish than in the natural environment.2 These ectoparasites feed on 

blood as well as on mucus and epithelial cells by puncturing the host’s skin by the pre-oral stylet and 

injecting a cytolytic toxin.3 This results in primary lesions at the contact sites. Hemorrhagic spots A
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develop particularly on the fins and at the base of fins, the head, and non-respiratory surfaces of the 

gill cavity, which may lead to secondary infections.4 Fish loss usually occurs due to direct effects such 

as dermal ulceration, osmotic imbalance, physiological stress, and immunosuppression.5 

In India, argulosis has been reported from all major freshwater aquaculture zones and A. 

siamensis is the most prevalent species.6 It is controlled mainly by applications of several pesticides.7 

However, these chemicals fail to provide complete protection against these parasites and, also possess 

direct deleterious effects on aquatic organisms and indirect effects on human health. Thus, for control 

of these parasites, there is an urgent need to look for safe alternative methods such as vaccination. 

However, unlike endoparasites, the development of vaccines against ectoparasites is difficult, since 

these parasites normally do not induce any effective adaptive immune response in the host. An 

indirect approach was utilized by Willadsen et al8 to develop a vaccine against cattle tick, 

Rhipicephalus (Boophilus) microplus. They found a protective protein Bm86, a concealed antigen of 

tick gut, and used it for immunization. The immunized cattle developed antibodies against the protein 

that entered the tick gut through blood-feeding leading to a reduction in engorgement weight of the 

ticks and a drop in egg-laying and ultimately death of the parasites; thus conferring protection. This 

approach has since been tried for vaccine development against several other ectoparasites of terrestrial 

animals as well as fish.9-10 However, barring a few isolated reports,11-12 no concrete studies have been 

undertaken on vaccine development against Argulus parasites. 

The major requirement for any vaccine development program is to identify proper protective 

antigens of the pathogen. In conventional approaches, only one or a limited number of proteins can be 

analyzed as potential vaccine candidates at a time. The emergence of proteomics technologies, 

however, is aiding the vaccine development process by analyzing a large number of proteins 

simultaneously to find suitable protective antigens. Immunoproteomics, a branch of proteomics 

analyzes the entire antigenic components of a pathogen through immunological and proteomic studies 

and helps in identifying suitable immunogenic proteins as potential vaccine candidates.13 It 

particularly offers an advantage over other proteomic technologies in the sense that it involves 

practical evaluation of immune reactivity than theoretical analysis of genes and proteins based on 

bioinformatics. Among the number of immunoproteomic techniques, a combination of 2D A
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electrophoresis with western blotting is one of the most popular techniques for the identification of 

immunoreactive proteins.14 Several researchers have undertaken immunoproteomic studies to identify 

vaccine candidates against a number of microbial diseases.15-16

In the present paper immunoproteomic approach was followed with an objective to identify 

the immunoreactive antigens of A. siamensis parasite. Rohu (Labeo rohita), the most important carp 

species in Indian aquaculture and the most susceptible species to Argulus infestation17 was selected as 

the host to raise antiserum against A. siamensis whole antigens. The antiserum was used to detect 

immunoreactive protein spots in western blot from a 2D gel. The proteins were identified by mass 

spectrometry and the potentials of these proteins as probable vaccine candidates against this parasite 

are discussed.

2. MATERIALS AND METHODS:

2.1. Maintenance of Argulus parasite 

Live adult Argulus parasites from infected fish were collected from the ponds of the CIFA 

farm and were maintained in 500 l FRP tanks in the Institute wet laboratory along with the host fish 

(rohu, L. rohita). Fish were fed with a commercial pellet feed ad libitum. Water quality parameters 

viz., pH, temperature, and dissolved oxygen were checked at regular intervals and maintained at 

optimum. Regular water exchanges were carried out taking care not to lose the parasites from the 

tanks. 

The identification of the collected parasites was carried out by PCR with species-specific 

primers for A. siamensis available in the laboratory6 and used in our subsequent experiments.

2.2. Preparation of rohu immune serum against Argulus antigens

Rohu immune serum against Argulus antigens was prepared as per Das et al12. In short, 

Argulus parasites were homogenized, centrifuged and the supernatant was used as the whole antigen 

for immunization of rohu (50-100 g size). Fifty numbers of rohu were collected from ICAR-CIFA 

pond with no prior record of Argulus infestation and maintained for 7 days in wet laboratory before 

the experiment. The fishes were apparently healthy with no attached Argulus parasites or any visible A
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skin lesions indicating possible infection. The antigen was emulsified with Freund’s complete 

adjuvant and the fishes were intraperitoneally injected with the emulsion at a dose of 50 µg of 

protein/fish. The fishes were booster injected two times at 2 weeks interval with the same dose of 

antigen emulsified with Freund’s incomplete adjuvant. Two weeks after the last booster the fishes 

were bled, serum separated, pooled, and preserved at -20 0C. The sera samples collected from 

unhandled fishes served as control. The reactivity of the serum sample was tested with dot blot before 

proceeding for 2D gel electrophoresis and western blotting.

2.3. Detection of anti-Argulus antibodies in immunized rohu serum by dot blot

Dot blot was carried out on the nitrocellulose membrane to detect the anti-Argulus antibodies 

in immunized rohu serum. Two µl of Argulus homogenate sample containing 3 µg of protein 

concentration was placed onto two separate nitrocellulose membranes each. The samples were 

allowed to dry on the membranes, blocked with 5% skim milk (prepared in TBS) for 2 h, and 

developed as per Das et al18. In brief, the membranes were incubated sequentially with rohu serum 

(Argulus immunized serum or control serum in 1:500 dilution), guinea pig anti-rohu IgM serum 

(1:1000) (available in the laboratory), and goat anti-rabbit ALP conjugate (1:1000) (Genei, India) for 

1 h each.  The dilutions of all reagents were carried out in TBS. After incubation with each reagent, 

washing of the blot was carried out with TBST (TBS with 0.1% tween 20) 3 times at 5 min intervals. 

Finally, the membranes were developed with the substrate, BCIP/NBT (MP Biomedicals, OH, USA) 

for the development of color.

2.4. 2D gel electrophoresis and western blotting of Argulus antigens

2.4.i. Preparation of protein samples from Argulus parasites

Live Argulus parasites were collected in an Eppendorf tube and washed thoroughly with 

Millipore water by centrifugation. Approximately 50 numbers of parasites were homogenized in 0.5 

ml of Millipore water along with 10 µl of protease inhibitor cocktail (Promega, WI, USA) with the 

help of Super FastPrep-1 homogenizer (MP Biomedicals, OH, USA) using lysing matrix C at a speed 

setting of 25 (4000 cycles per min) for 10 s. The homogenate was centrifuged at 10,000 rpm for 30 

min. The supernatant collected was used for protein precipitation by adding ice-cold acetone and A
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trichloroacetic acid (TCA) in the proportion of 1:8:1 (sample: acetone: TCA) for 2 h at -20 °C. The 

sample was centrifuged for 30 min at 10,000 rpm and the pellet was collected. The pellet was washed 

with ice-cold acetone and was dissolved in 150 µl of rehydration buffer containing urea (7 M), 

thiourea (2 M), 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS) (2%), 

dithiothreitol (DTT) (50 mM), pharmalyte (0.002%) and bromophenol blue (0.001%). The protein 

was quantified by Bradford method19 using bovine serum albumin (BSA) as standard.

2.4.ii. Isoelectrofocussing (IEF)

IEF was carried out in EttanTM IPGphor 3 (GE Healthcare, UK) system using two 7 cm IPG 

strips of pH 4-7. The protein content in the sample prepared above was adjusted to 100 µg/125 µl and 

the strips were rehydrated with the sample. The IEF was run for 10,000 Vh by specifying the number 

and pH of strips in IPGphor 3 Control Software. 

2.4.iii. SDS-PAGE 

The second dimension SDS-PAGE was carried out to separate the Argulus proteins according 

to their molecular weight. After running IEF, the strips were incubated with equilibration buffer-I (6 

M urea, 2% SDS, 20% glycerol, 0.375 M tris HCl pH-8.8, and 130 mM DTT) and equilibration 

buffer-II (6 M urea, 2% SDS, 20% glycerol, 0.375 M tris HCl pH-8.8 and 135 mM iodoacetamide) for 

10 minutes each. The strips were subsequently loaded onto 12% acrylamide gels and sealed with 1% 

agarose. The gels were run in miniVE electrophoresis unit (GE Healthcare, UK) at 150 V till the 

bromophenol blue dye reached the bottom of the gel. After the run, one gel was stained with mass 

spectrometry compatible silver staining protocol following Chevallet et al20. The other gel was used 

for western blotting.

2.4.iv. Western blotting of 2D gel

One 2D gel was blotted to nitrocellulose paper (NCP) following Towbin et al21. The transfer 

was carried out in miniVE blot module (GE Healthcare, UK) in transfer buffer (25 mM tris base, 192 

mM glycine, and 20% methanol) for 2 h at 25 V.
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After the transfer, the NCP was immediately put in 5% skim milk and left overnight at 4 oC 

for blocking. The NCP was subsequently immunostained as per the protocol mentioned for the dot 

blot above. The paper after development was washed with Millipore water and dried prior to 

photography. The experiment was repeated once to confirm the immunoreactive spots. Blots were 

also similarly developed with control rohu sera as well as non-sera (only buffer).

2.5. Identification of immunoreactive proteins by mass spectrometry

The immunostained spots in the NCP were compared with the spots in the silver-stained 2D 

gel. Fourteen corresponding spots were picked from the gel manually and used for mass spectrometric 

identification using the protocol described earlier22 with minor modifications. The gel pieces were 

destained (1:1 proportion of 60 mM potassium ferricyanide and 20 mM sodium thiosulphate), washed 

(alternative washing with 25 mM ammonium bicarbonate and, equal proportion of 25 mM ammonium 

bicarbonate and 100% acetonitrile) and dehydrated (100% acetonitrile). The dried gel pieces were 

digested with trypsin (Promega, WI, USA) digestion solution (12.5 ng/ml in 25 mM ammonium 

bicarbonate) overnight at 37 oC and the solution was extracted. Further extraction was carried out with 

trifluoroacetic acid at three sequential concentrations of 0.1%, 0.5%, and 5% in 50% acetonitrile 

solution. The extracts were pooled and dried in a speedvac concentrator (DNA plus vacuum 

centrifuge, Heto, Germany). All 14 spots were processed for MALDI-TOF/TOF mass spectrometry. 

The peptide samples were reconstituted with 5 µl of the solution containing 50% acetonitrile and 

0.1% trifluoroacetic acid. Then 1.5 µl of the reconstituted sample was mixed with 1.5 µl of matrix α-

cyano-4-hydroxycinnamic acid (CHCA, 5 mg/ml). One µl of the sample mixture was spotted on the 

MALDI plate in triplicate and the plate was loaded in the MALDI-TOF/TOF (AB Sciex 5800 system, 

USA) for MS/MS data acquisition. The peak lists of each protein generated by MALDI were analyzed 

by online MASCOT MS/MS Ions search for identification of proteins. It was performed with the 

database NCBIprot (AA), taxonomy as ‘other metazoa’, enzyme as trypsin, and allowed up to one 

missed cleavage. The modification followed were carbamidomethyl as fixed modification and 

oxidation as variable modification. It possessed peptide tolerance to ±100 ppm and MS/MS tolerance 

to ±0.8 dalton. It had a peptide charge of 1+ and followed monoisotopic. In the MASCOT analysis, 

the protein with the highest MASCOT score was taken as the identified protein.A
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2.6. Gene ontology (GO) analysis

The gene ontology (GO) annotations of the identified proteins based on the BLAST results 

were made using Blast2GO version 5.2.5.23 The resultant proteins were functionally categorized using 

the Web Gene Ontology Annotation Plot (WEGO 2.0, http://wego.genomics.org.cn).24

3. RESULTS:

Anti-A. siamensis serum prepared in rohu showed reactivity with Argulus antigens in dot blot, 

whereas the control serum was negative {Figure 1(i)}.  In 2D gel of Argulus proteins run with IEF in 

narrow range IPG strip of 4-7 pH followed by SDS-PAGE, the resolution of the spots were distinct 

{Figure 1(iiA)}. Western blot from 2D gel developed with rohu anti-A. siamensis serum depicted only 

a limited number of immunoreactive spots {Figure 1(iiB)}. The spots were found to be reproducible 

in repeat blot and there were no specific spots visible in blots treated with control serum and no-serum 

(results not shown).

Fourteen clear spots corresponding to the immunoreactive spots were picked from the 2D gel 

and subjected to mass spectrometric identification. All the 14 proteins matched with proteins of 

heterologous species (Table 1). Except for two of these proteins from organisms that belong to 

phylum Mollusca (Octopus bimaculoides) and Nematoda (Caenorhabditis latens); all others matched 

with phylum Arthropoda to which A. siamensis too belongs. Besides, four out of fourteen were 

hypothetical proteins. 

To understand the functions of the identified proteins, the protein sequences were annotated 

using GO terms obtained from the NCBInr databases through BlastP search in Blast2GO. Out of 14 

proteins, four proteins did not show any GO annotation in the database. The remaining 10 proteins 

were functionally categorized into cellular component, molecular function and biological process 

according to GO hierarchy using WEGO {Figure 1(iii)}. These proteins were mainly classified as 

binding proteins by GO molecular function category and were primarily involved in metabolic 

processes in the biological process category. 

 

4. DISCUSSION:A
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An immunoproteomic analysis was performed in the present study to identify immunoreactive 

proteins of fish ectoparasite A. siamensis paving the way for their use as vaccine candidates. 

Identification of a specific protective antigen is central to any vaccine development process against 

microorganisms and of late, immunoproteomic studies are complementing the search for new 

potential antigens as vaccine candidates. Antiserum-based immunoproteomic studies have been 

carried out for identifying such potential antigens from several parasites including ectoparasites.25-26 

Initially, the A. siamensis parasite species was identified by PCR and maintained in wet 

laboratory on rohu as a host for our experiments. We developed immune serum in rohu to probe 

Argulus antigens in western blot transferred from the 2D gel to identify the immunoreactive proteins. 

Rohu was used as the model fish, as it is cultured primarily and widely in the Indian freshwater 

aquaculture system and the most susceptible carp species to this parasite.17 Further, this parasite 

species also causes a huge loss in rohu carp.27 Hence, any subsequent studies relating to vaccine 

development against this parasite can directly be applied to this fish species. The positive reactivity of 

immune serum with A. siamensis antigens was confirmed in dot blot before proceeding for 

immunoproteomic study. Our initial 2D gel electrophoresis was conducted in the IPG strip of pH 3-10 

(results not shown), where separation of the protein spots was not distinct and most of the proteins 

were found within the pH range of 4-7. Hence, our subsequent experiments were performed in strips 

of 4-7 pH that improved the resolution of the spots. A similar observation has also been made by 

Wang et al28 while analyzing excretory-secretory proteins of parasite Trichinella spiralis muscle 

larvae. Western blotting was carried out in the present study with the 2D gel of the same pH and 

length as the silver-stained gel to facilitate easy identification and extraction of the corresponding 

immunoreactive protein spots. Following analysis of the 2D gel and western blotting results, 14 

immunoreactive protein spots were identified from Argulus antigens by mass spectrometry. Since 

there is no species-specific database available for this parasite, the analysis was carried out using 

NCBIprot database with taxonomy as ‘other metazoa’. As can be seen from the results in Table 1, all 

the proteins identified were from heterologous organisms. GO analysis suggested that these protein 

spots were mainly involved in the metabolic processes and hence, blocking these proteins with 

antibodies through vaccination could help in controlling Argulus infestation in general.
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Out of the 14 proteins identified from Argulus parasites, 4 were hypothetical proteins and the 

rest 10 were proteins possessing different functions. Spot 1 was found to be sporulation-specific 

protein 15-like isoform X3 of Varroa jacobsoni species. This protein is reported to be associated with 

spindle pole bodies and plays an important role in the initiation of spore membrane formation.29 

Another protein identified from the parasite is the mediator of RNA polymerase II transcription 

subunit 4, which is a component of the Mediator complex, a coactivator involved in the regulated 

transcription of RNA polymerase II-dependent genes.30 RecQ-mediated genome instability protein 1 

is a component of an evolutionarily conserved protein complex that is critical for the maintenance of 

genomic stability.31 Another protein is microtubule-associated protein RP/EB family member 1 

(MAPRE1; also known as EB1) which is a highly conserved key member of the plus-end tracking 

protein (+TIP) group that localizes preferentially to the end of growing microtubules and modulate 

microtubule dynamicity. This protein is involved in the accurate chromosome segregation during 

mitosis and in the polarization of the microtubule cytoskeleton in migrating cells.32 The NADH 

dehydrogenase subunit 1 is a mitochondrial protein that plays a major role in the electron transport 

chain of the mitochondrial energy-generating pathway, oxidative phosphorylation.33 The diphthamide 

biosynthesis protein 1 performs posttranslational modification of histidine on translation elongation 

factor-2 for the biosynthesis of diphthamide, a unique amino acid in eukaryotes.34 This diphthamide 

modification promotes the progression of the translation process and maintains translational fidelity.35 

The helicase POLQ like protein is found in archaea to metazoan organisms. This DNA helicase helps 

DNA replication to overcome encounters with DNA damage and assists in repairing the damage.36

The potential of all the above proteins as vaccine candidates have not been recorded against 

any parasite. The remaining three proteins that have been evaluated as vaccine candidates or drug 

targets are bromodomain-containing protein, anaphase-promoting complex subunit 5, and elongation 

factor-2.

The bromodomain-containing proteins possess a domain, bromodomain that binds to 

acetylated lysine residues particularly in histone proteins, and are involved in transcription 

regulation.37 Deregulation of these proteins has been linked to several human diseases including 

neurological and inflammatory diseases as well as cancer and hence, bromodomains have been A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

targeted with small molecule inhibitors.38 These proteins also have a potential role in parasite viability 

and invasion. Disruption of gene expression by interfering with lysine acetylation has been shown 

detrimental to the survival of protozoan parasites.39 Bromodomain inhibitors have been proposed to 

act as novel anti-parasitic agents against many parasites such as Plasmodium falciparum40, 

Toxoplasma gondii41, and Trypanosoma cruzi42. Considering the potential of these proteins as drug 

targets against parasites, the protein found in the present study may be evaluated as a possible vaccine 

candidate against A. siamensis.

Anaphase-promoting complex subunit 5 (APC5) is one of the subunits of the anaphase-

promoting complex/cyclosome (APC/C) that controls the mitotic cell division cycle in eukaryotic 

cells. Recently, Guleria and Jaiswal43 studied the malarial parasite, P. falciparum through 

transcriptomic studies and suggested the APC as a potential vaccine candidate based on its important 

role in the control of cell division cycle, extracellular location, and high antigenicity score. APC5 in 

particular is required for viability in organisms and that has conclusively been shown in Drosophila 

melanogaster.44 Against A. siamensis hence, this protein might be effective as a vaccine candidate.

The eukaryotic elongation factor 2 (eEF2) is important for protein synthesis and cell 

survival.45 This protein has been suggested as a potential drug target in several parasitic infestations, 

e.g. poultry coccidiosis45 and malaria46. Also, this protein has served as a vaccine candidate, 

particularly in leishmaniasis. Elongation factor-2 was identified in Leishmania donovani through 

proteomics as one of the soluble leishmanial proteins that induced a T helper type 1 (Th1) immune 

response.47 Later on, its efficacy as a vaccine candidate has been shown in hamsters against L. 

donovani48 and in mice against L. infantum49 in challenge studies. Thus, this protein could serve as a 

vaccine candidate in A. siamensis infection in carps.

Research on vaccine development in freshwater fish lice belonging to the genus Argulus is 

very limited. Besides whole antigen extracts of A. foliaceus50 and A. siamensis12, ribosomal P0 

peptide11 has been tried as a vaccine candidate against A. siamensis. Compared to freshwater fish lice, 

however, sea lice belonging to genera Lepeophtheirus and Caligus have received more attention 

towards vaccine development over the years. The initial research on sea lice species has started with 

crude antigenic preparations from the parasites51. Later on, researchers proposed gut antigens52, A
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antigens of reproductive system53, and chitinases in molt processes54 of sea lice as potential vaccine 

candidates. Further, a number of proteins have also been evaluated against sea lice with varying 

successes e.g. a novel gene (denoted as my32) from C. rogercresseyi that showed the highest identity 

with the L. salmonis gene akirin-255; putative Toll-like receptor 6 and, potassium chloride and amino 

acid transporter from midgut function and blood digestion of L. salmonis10, and a peptide from 

ribosomal P0 protein of L. salmonis fused with T cell epitopes56. The new antigens reported here add 

to this repertoire of proteins already been suggested as vaccine candidates in fish lice/sea lice. 

However, further studies need to be carried out to determine the sites of expression of these proteins 

in A. siamensis by immunolocalization. Besides, gene silencing through RNAi technology also may 

be employed in evaluating these vaccine targets deciphering the effectiveness of these antigens prior 

to the proteins are tried as vaccine targets.

In conclusion, 2D electrophoresis and western blot were used in the present study to screen the 

immunoreactive antigens from A. siamensis proteins. Fourteen immunogenic spots recognized by 

rohu anti-A. siamensis sera were identified by MALDI MS/MS. Only three of these proteins like 

bromodomain-containing protein, anaphase-promoting complex subunit 5, and elongation factor-2 

might be effective as vaccine antigens against argulosis in carps. 

ACKNOWLEDGEMENTS

The authors sincerely thank the Director, ICAR-Central Institute of Freshwater Aquaculture, 

Bhubaneswar for providing the necessary facilities for the study. The financial support from the 

Indian Council of Agricultural Research, New Delhi under ‘CRP on Vaccines and Diagnostics’ 

project is also duly acknowledged. The authors also acknowledge Central Proteomics Facility, 

Institute of Life Sciences, Bhubaneswar for Mass Spectrometric analysis.

REFERENCES

1. Poly WJ. Global diversity of fish lice (Crustacea: Branchiura: Argulidae) in freshwater. 

Hydrobiologia. 2008;595:209-212.

2. Taylor NGH, Sommerville C, Wootten R. A review of Argulus sp. occurring in UK freshwaters. 

Bristol, UK: Environment Agency; 2005. 30 p.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

3. LaMarre E, Cochran PA. Lack of host species selection by the exotic parasite crustacean, 

Argulus japonicus. J Freshwater Ecol. 1992;7:77-80.

4. Aalberg K, Koscova L, Smiga L, et al. A study of fish lice (Argulus Sp.) infection in freshwater 

food fish. Folia Vet. 2016;3:5-59.

5. Walker PD, Flik G. and Wendelaar Bonga SE. The biology of parasites from the genus Argulus 

and a review of the interactions with its host. In: Wiegertjes GF, Flik G (eds): Host-Parasite 

Interactions. Abingdon, UK: Garland/Bios Scientific publishers; 2004. pp. 107-129.

6. Sahoo PK, Mohanty J, Garnayak SK, et al. Genetic diversity and species identification of 

Argulus parasites collected from major aquaculture regions of India using RAPD-PCR. Aquac 

Res. 2013;44:220-230.

7. Kumar S, Kumar TS, Vidya R, Pandey PK. A prospective of epidemiological intervention in 

investigation and management of argulosis in aquaculture. Aquacult Int. 2017;25:303-325.

8. Willadsen P, Riding GA, McKenna RV, et al. Immunologic control of a parasitic arthropod: 

Identification of a protective antigen from Boophilus microplus. J Immunol. 1989;143:1346-

1351.

9. East IJ, Eisemann CH. Vaccination against Lucilia cuprina, the causative agent of sheep blowfly 

strike. Immunol Cell Biol. 1993;71:453-462.

10. Contreras M, Karlsen M, Villar M, et al. Vaccination with ectoparasite proteins involved in 

midgut function and blood digestion reduces salmon louse infestations. Vaccines. 2020;8: 32.

11. Kar B, Mohapatra A, Mohanty J, Sahoo PK. Evaluation of ribosomal P0 peptide as a vaccine 

candidate against Argulus siamensis in Labeo rohita. Open Life Sci. 2017;12:99-108.

12. Das P, Mohanty J, Badhe MR, Sahoo PK, Sardar KK, Parija SC. Assessment of protective 

response induced by whole antigens of fish ectoparasite, Argulus siamensis in rohu, Labeo 

rohita. J Entomol Zool Stud. 2018;6:1751-1755.

13. Serino L, Seib K, Pizza M. Design of new vaccines in the genomic and post-genomic era. In 

Innovation in Vaccinology: From Design, Through to Delivery and Testing. Germany: Springer; 

2012. pp. 3-15.

14. Tjalsma H, Schaeps RMJ, Swinkels DW. Immunoproteomics: From biomarker discovery to 

diagnostic applications. Proteomics Clin Appl. 2008;2:167-180.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

15. Obradovic M, Pasternak JA, Hon Ng S, Allan B, Brownlie R, Wilson HL. Immunoproteomic 

analysis of Lawsonia intracellularis identifies candidate neutralizing antibody targets for use in 

subunit vaccine development. Vet Microbiol. 2019;235:270-279.

16. Li W, Li Y, Hu YZ, et al. GroEL, a novel vaccine candidate of piscine Streptococcus agalactiae 

identified by immunoproteome. Fish Shellfish Immunol. 2019;84:377-383.

17. Kar B, Moussa C, Mohapatra A, Mohanty J, Jayasankar P, Sahoo PK. Variation in susceptibility 

pattern of fish to Argulus siamensis: Do immune responses of host play a role? Vet Parasitol. 

2016;221:76-83.

18. Das P, Mohanty J, Badhe MR, Sahoo PK, Sardar KK, Parija SC. Development of a western blot 

method for detection of fish ectoparasite Argulus siamensis antigens. J Immunoassay 

Immunochem. 2018;39:439-450.

19. Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of 

protein utilizing the principle of protein-dye binding. Anal Biochem. 1976;72: 248-254.

20. Chevallet M, Luche S, Diemer H, Strub JM, Van Dorsselaer A, Rabilloud I. Sweet silver: a 

formaldehyde-free silver staining using aldoses as developing agents, which enhanced 

compatibility with mass spectrometry. Proteomics. 2008;8:4853-4861.

21. Towbin H, Staehelin T, Gordon J. Electrophoretic transfer of proteins from polyacrylamide gels 

to nitrocellulose sheets: procedure and some applications. Proc Natl Acad Sci USA. 

1979;76:4350-4354.

22. Suryawanshi AR, Khan SA, Gajbhiye RK, Gurav MY, Khole VV. Differential proteomics leads 

to identification of domain-specific epididymal sperm proteins. J Androl. 2011;32:240-259.

23. Götz S, García-Gómez JM, Terol J, et al. High-throughput functional annotation and data mining 

with the Blast2GO suite. Nucleic Acids Res. 2008;36:3420-3435.

24. Ye J, Zhang Y, Cui H, et al. WEGO 2.0: a web tool for analyzing and plotting GO annotations, 

2018 update. Nucleic Acids Res. 2018;46:Web Server issue W71-W75.

25. Liu J, Tuo W, Wu X, et al. Immunoproteomic and mass spectrometric analysis of Eimeria 

acervulina antigens recognized by antisera from chickens infected with E. acervulina, E. tenella 

or E. necatrix. Parasite Vector. 2020;13:93.

A
cc

ep
te

d 
A

rt
ic

le

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC411572/


This article is protected by copyright. All rights reserved

26. Ramírez Rodríguez, PB, Rosario Cruz R, Domínguez García DI, et al. Identification of 

immunogenic proteins from ovarian tissue and recognized in larval extracts of Rhipicephalus 

(Boophilus) microplus, through an immunoproteomic approach. Exp Parasitol. 2016;170:227-

235.

27. Sahoo PK, Mohanty J, Garnayak SK, et al. Estimation of loss due to argulosis in carp culture 

ponds in India. Ind J Fish. 2013;60(2):99-102.

28. Wang L, Cui J, Hu DD, Liu RD, Wang ZQ. Identification of early diagnostic antigens from 

major excretory-secretory proteins of Trichinella spiralis muscle larvae using 

immunoproteomics. Parasite Vector. 2014;7:40.

29. Ikemoto S, Nakamura T, Kubo M, Shimoda C. S. pombe sporulation-specific coiled-coil protein 

Spo15p is localized to the spindle pole body and essential for its modification. J Cell Sci. 

2000;113:545-554.

30. https://www.uniprot.org/uniprot/Q9NPJ6. UniProtKB - Q9NPJ6 (MED4_HUMAN).

31. Fang L, Sun X, Wang Y, et al. RMI1 contributes to DNA repair and to the tolerance to 

camptothecin. FASEB J. 2019;33:5561-5570.

32. Coquelle FM, Vitre B, Arnal I. Structural basis of EB1 effects on microtubule dynamics. 

Biochem Soc T. 2009;37:997-1001.

33. Yakob Y, Md Desa N, Jamal ARA. Mutations in mitochondrial NADH dehydrogenase subunit 1 

(mtND1) gene in colorectal carcinoma. Malaysian J Pathol. 2010;32:103-110.

34. Liu M, Yin K, Guo X, et al. Diphthamide biosynthesis 1 is a novel oncogene in colorectal cancer 

cells and is regulated by MiR-218-5p. Cell Physiol Biochem. 2017;44:505-514.

35. Mittal N, Subramanian G, Bütikofer P, Madhubala R. Unique posttranslational modifications in 

eukaryotic translation factors and their roles in protozoan parasite viability and pathogenesis. Mol 

Biochem Parasitol. 2013;187:21-31.

36. Jenkins T, Northall S, Bolt E, Soultanas P. It’s good to unwind: how Hel308/HelQ helicases are 

good for health. Biochem (Lond). 2018;40(2):32–36.

37. Li J, Zhao G, Gao X. Development of neurodevelopmental disorders: a regulatory mechanism 

involving bromodomain-containing proteins. J Neurodev Disord. 2013;5:4.

A
cc

ep
te

d 
A

rt
ic

le

https://www.uniprot.org/uniprot/Q9NPJ6


This article is protected by copyright. All rights reserved

38. Fujisawa T, Filippakopoulos P. Functions of bromodomain-containing proteins and their roles in 

homeostasis and cancer. Nat Rev Mol Cell Bio. 2017;18:246-262.

39. Jeffers V, Yang C, Huang S, Sullivan JrWJ. Bromodomains in protozoan parasites: evolution, 

function, and opportunities for drug development. Microbiol Mol Biol Rev. 2017;81:147-161.

40. Chua MJ, Robaa D, Skinner-Adams TS, Sippl W, Andrews KT. Activity of bromodomain 

protein inhibitors/binders against asexual-stage Plasmodium falciparum parasites. Int J Parasitol 

Drugs Drug Resist. 2018;8(2):189-193.

41. Hanquier J, Gimeno T, Jeffers V, Sullivan JrWJ. Evaluating the GCN5b bromodomain as a novel 

therapeutic target against the parasite Toxoplasma gondii. Exp Parasitol. 2020;211:107868.

42. Alonso VL, Ritagliati C, Cribb P, Cricco JA, Serra EC. Overexpression of bromodomain factor 3 

in Trypanosoma cruzi (TcBDF3) affects differentiation of the parasite and protects it against 

bromodomain inhibitors. FEBS J. 2016;283: 2051-2066.

43. Guleria V, Jaiswal V. Comparative transcriptome analysis of different stages of Plasmodium 

falciparum to explore vaccine and drug candidates. Genomics. 2020;112:796-804.

44. Bentley AM, Williams BC, Goldberg ML, Andres AJ. Phenotypic characterization of Drosophila 

ida mutants: defining the role of APC5 in cell cycle progression. J Cell Sci. 2002;115:949-961.

45. Zhou B-h, Jia L-s, Guo H-w, Ding H-y, Yang J-y, Wang H-w. Eukaryotic elongation factor 2 is 

involved in the anticoccidial action of diclazuril in the second-generation merozoites of Eimeria 

tenella. Vet Parasitol. 2019;276:108991.

46. Cowell AN, Winzeler EA. Advances in omics-based methods to identify novel targets for 

malaria and other parasitic protozoan infections. Genome Med. 2019;11:63.

47. Gupta SK, Sisodia BS, Sinha S, et al. Proteomic approach for identification and characterization 

of novel immunostimulatory proteins from soluble antigens of Leishmania donovani 

promastigotes. Proteomics. 2007;7:816-823.

48. Kushawaha PK, Gupta R, Sundar S, Sahasrabuddhe AA, Dube A. Elongation factor-2, a Th1 

stimulatory protein of Leishmania donovani, generates strong IFN-γ and IL-12 response in cured 

Leishmania-infected patients/hamsters and protects hamsters against Leishmania challenge. J 

Immunol. 2011;187: 6417-6427.

A
cc

ep
te

d 
A

rt
ic

le

http://www.nature.com/articles/nrm.2016.143#auth-1
http://www.nature.com/articles/nrm.2016.143#auth-2
http://mmbr.asm.org/search?author1=Victoria+Jeffers&sortspec=date&submit=Submit
http://mmbr.asm.org/search?author1=Chunlin+Yang&sortspec=date&submit=Submit
http://mmbr.asm.org/search?author1=Sherri+Huang&sortspec=date&submit=Submit
http://mmbr.asm.org/search?author1=William+J.+Sullivan+Jr.&sortspec=date&submit=Submit
http://mmbr.asm.org/


This article is protected by copyright. All rights reserved

49. Agallou M, Pantazi E, Tsiftsaki E, et al. Induction of protective cellular immune responses 

against experimental visceral leishmaniasis mediated by dendritic cells pulsed with the N-

terminal domain of Leishmania infantum elongation factor-2 and CpG oligodeoxynucleotides. 

Mol Immunol. 2018;103:7-20.

50. Ruane N, Mccarthy TK, Reilly P. Antibody response to crustacean ectoparasites in rainbow trout, 

Oncorhynchus mykiss (Walbaum), immunized with Argulus foliaceus L. antigen extract. J Fish 

Dis. 1995;18;529-537.

51. Reilly P, Mulcahy MF. Humoral antibody response in Atlantic salmon (Salmo salar L.) 

immunized with extracts derived from the ectoparasite caligid copepods, Caligus elongatus 

(Nordmann, 1832) and Lepeopththeirus salmonis (Kroyer, 1838). Fish Shellfish Immunol. 

1993;3:59–70.

52. Raynard RS, Bricknell IR, Billingsley PF, et al. Development of vaccines against sea lice. Pest 

Manag Sci. 2002;58:569–575.

53. Dalvin S, Frost P, Biering E, et al. Functional characterisation of the maternal yolk-associated 

protein (LsYAP) utilizing systemic RNA interference in the salmon louse (Lepeophtheirus 

salmonis) (Crustacea: Copepoda). Int J Parasitol. 2009;39:1407–1415.

54. Eichner C, Harasimczuk E, Nilsen F, et al. Molecular characterisation and functional analysis of 

LsChi2, a chitinase found in the salmon louse (Lepeophtheirus salmonis salmonis, Krøyer 1838). 

Exp Parasitol. 2015;151-152:39-48.

55. Carpio Y, Basabe L, Acosta J, et al. Novel gene isolated from Caligus rogercresseyi: a promising 

target for vaccine development against sea lice. Vaccine. 2011;29:2810–2820.

56. Swain JK, Carpio Y, Johansen L-H, et al. Impact of a candidate vaccine on the dynamics of 

salmon lice (Lepeophtheirus salmonis) infestation and immune response in Atlantic salmon 

(Salmo salar L.). PLoS ONE. 2020;15(10): e0239827.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

FIGURE LEGEND:

FIGURE 1 (i) Reactivity of rohu serum with A. siamensis whole antigens in dot blot developed with 

control serum (A) and anti-A. siamensis serum (B); (ii) Silver-stained 2D gel of A. siamensis whole 

antigens showing the immunoreactive protein spots (A) corresponding to the spots in 2D blot 

developed with rohu anti-A. siamensis serum (B); (iii) Gene ontology (GO) annotation of 

immunoreactive proteins of A. siamensis recognized by rohu immune sera; categorized into cellular 

component, molecular function, and biological process by WEGO according to their GO signatures.
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Table 1. Immunoreactive proteins of A. siamensis identified by MALDI-TOF/TOF MS/MS and MASCOT analysis.

Sl. 

no.

Protein accession Protein description Organism Mass 

(Da)

pI Mascot 

Score

Peptide 

match

Sequence 

coverage

1 XP_022692316.1 sporulation-specific protein 15-like 

isoform X3

Varroa jacobsoni 274804 5.32 70 24 11%

2 XP_013193961.1 mediator of RNA polymerase II 

transcription subunit 4

Amyelois transitella 27632 5.92 55 7 42%

3 KXJ75014.1 hypothetical protein 

RP20_CCG012471 

Aedes albopictus 186021 9.04 66 15 11%

4 KOF95159.1 hypothetical protein 

OCBIM_22039315mg 

Octopus 

bimaculoides

9361 7.98 63 6 64%

5 XP_014226553.1 recQ-mediated genome instability 

protein 1-like 

Trichogramma 

pretiosum

90160 5.27 69 12 24%

6 XP_019866806.1 microtubule-associated protein 

RP/EB family member 1 isoform X1

Aethina tumida 31072 5.47 62 8 43%

7 OZF87616.1 hypothetical protein FL83_22837, 

partial

Caenorhabditis 

latens

10095 7.96 57 5 57%

8 AAC28679.1 NADH dehydrogenase subunit 1, 

partial (mitochondrion)

Lymantria obfuscata 12562 9.26 43 5 35%

9 AUW84056.1 putative diphthamide biosynthesis Xylinada sp. INB054 25874 8.28 54 6 36%
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protein 1, partial

10 XP_012535676.1 bromodomain-containing protein 

DDB_G0278469-like 

Monomorium 

pharaonis

12468 4.75 68 6 69%

11 KYN11023.1 anaphase-promoting complex 

subunit 5

Trachymyrmex 

cornetzi

85734 6.4 69 9 15%

12 OWR43841.1 hypothetical protein KGM_209173 Danaus plexippus 

plexippus

104068 6.66 75 9 13%

13 AAR01313.1 elongation factor-2, partial Rhinotus purpureus 82191 6.32 63 12 22%

14 OWR45988.1 helicase POLQ like protein Danaus plexippus 

plexippus

96925 8.02 60 12 17%
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