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ANTIBODIES USED FOR AN IMMUNOLOGICAL CROSS-REACTIVITY BETWEEN 
POLAR TUBE PROTEINS OF ENCEPHALITOZOON CUNICULI (MICROSPORIDIA) 
AND PROTEINS POLAR FILAMENT OF MYXOBOLUS EPISQUAMALIS (MYXOZOA) 
PARASITE OF FLATHEAD MULLET MUGIL CEPHALUS (MUGILIDAE).
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RESUME

ABSTRACT

Myxobolus episquamalis (Egusa, Maeno and Sorimachi, 1990), a myxosporean parasite, was found for the first time 
infecting scales with white cysts and fins of flathead mullet (Mugil cephalus) which is a common habitant of tropical 
and subtropical coastal waters and an important food fish species. Myxozoa are characterized by the presence of polar 
capsules each containing a coiled polar filament that serves after extrusion to anchor the parasite to the host tissue. This 
eversible polar filament also resembles the polar tube of Microsporidia, a large phylum of obligate intracellular eukaryotes 
that are fungal-related parasites. In the present study, we tested the ability of antibodies raised against microsporidian 
polar tube proteins (PTPs) to cross-react with antigens of M. episquamalis. Immunofluorescence assays (IFA) using 
antibodies directed against PTPs of the mammal microsporidian Encephalitozoon cuniculi (Ec102, anti-PTP1/PTP2 
and Ec1b,anti-PTP3) showed a strong fluorescence signal associated with extruded polar filaments of M. episquamalis 
spores. In Western blot, these antibodies cross-reacted with antigens of ~50/55 kDa (Ec102) and ~150 kDa (Ec1b) in 
size, suggesting the existence of common epitopes between microsporidian PTPs and M. episquamalis polar filament 
antigens. Specific mouse polyclonal antibodies were then produced against M. episquamalis antigens corresponding to 
two SDS-PAGE separated protein bands recognized by the antisera Ec102. As expected, these antibodies specifically 
stained polar filaments in IFA and by immunogold labelling in transmission electron microscopy (TEM). 

Keywords: Myxobolus episquamalis, Mugil cephalus, polar filament, immunofluorescence assays, immunogold labelling, 
microsporidia, myxozoa.

Utilisation d’anticorps  pour une étude immunologique de réaction croisée entre les protéines du tube polaire de 
Encephalitozoon cuniculi (Microsporidie) et les protéines du filament polaire de Myxobolus episquamalis (Myxozoa) parasite 
du mulet Mugil cephalus (Mugilidae).

Myxobolus episquamalis (Egusa, Maeno et Sorimachi, 1990), appartient au phylum des Myxozoa. Cette myxosporidie a été 
identifiée pour la première fois au Japon parasitant les écailles de Mugil cephalus qui appartient à la famille des Mugilidae. 

Les Myxosporidies et les Microsporidies ont pendant longtemps, été regroupés avec les Actinomyxidies dans le sous embranchement 
des Cnidospora Dolfein, 1901 avant d’être séparés en deux embranchements différents grâce aux travaux de Grassé (1960). Elles 
sont toutes les deux caractérisées par la présence d’un système d’ancrage comprenant un tube polaire chez les Microspora et un 
filament polaire enroulé en spirale à l’intérieur des capsules polaires chez les Myxozoa. Bien que le filament polaire de Myxozoa 
ne joue pas le même rôle que le tube polaire des Microspora, une homologie structurale de leurs protéines pourrait être envisagée. 
C’est dans cette optique que nous avons essayé de mettre en évidence des  protéines homologues entre le tube polaire des 
Microspora et le filament polaire des Myxozoa en utilisant des anticorps hétérologues PTP1, 2 ou 3 (Protéine du Tube Polaire) de 
Encephalitozoon cuniculi, contre des antigènes de Myxobolus episquamalis. Pour cela, nous avons procédé à des marquages en 
Immunofluorescence, en Western blot et en Microscope électronique à transmission (MET). Des anticorps polyclonaux anti-M.
episquamalis ont été produits chez la souris et testés de la même façon. Les résultats montrent qu’en immunofluorescence, en 
utilisant des anticorps dirigés contre les PTP de Encephalitozoon cuniculi (EC102, anti-PTP1 / PTP2 et EC1b, anti-PTP3), un 
fort signal fluorescent associé au filament polaire de M. episquamalis visible sur toute sa longueur en microscopie optique au 
grossissement X 400 a été noté. Ceci  traduit une bonne réaction croisée entre les protéines du filament polaire et ces anticorps. 

Les immunomarquages réalisés en Western blot, montrent que ces anticorps utilisés contre les antigènes de M. episquamalis, 
marquent des protéines de ~ 50/55 kDa (EC102) et ~ 150 kDa (EC1b) ce qui suggère l'existence d'épitopes communs entre les 
protéines du tube polaire        (PTP) de E. cuniculi et des protéines du filament polaire de M. episquamalis.  

En microscopie électronique à transmission, la présence des particules denses au niveau des parois internes des capsules polaires 
ainsi qu’autour des coupes du filament polaire traduisent des réactions croisées entre les protéines de ces deux structures. 

Mots clés: Myxobolus episquamalis, Mugil cephalus, filament polaire, tube polaire, immunofluorescence, immunomarquage, 
microsporidie, myxozoa.
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1. Introduction
Myxosporidia Grassé, 1970 are parasites of poikilothermic 
vertebrates and invertebrates, especially fishes. (Markiw  
and Wolf 1983; Wolf and Markiw 1984) were the first to 
discover to Myxobolus cerebralis parasite of salmonid 
fishes, a tubificid annelids as alternate hosts in which the 
myxosporean undergoes a schizogony and a gamogony, 
the sporogony ends with a triactinospore. This indirect 
two-stage life cycle was described in different marine and 
fish farm species (Rangel and al. 2009, Køie and al. 2013, 
Eszterbauer and al. 2015). Since, it has been established 
that, there may be an obligatory or facultative invertebrate 
host in most, if not all, Myxozoan life cycle. The direct-
transmission fish-to-fish was demonstrated for some marine 
species (Diamant1997, Redondo and al. 2002, Yasuda and 
al. 2002). In these later cases, not spores, but the proliferative 
stages are responsible for the transmission of the disease.
According to Canning and al (2014) the cell organization is 
typically   eukaryotic with nucleus, endoplasmic reticulum, 
mitochondria and Golgi apparatus. Centrioles are not 
involved in nuclear divisions. 
The Myxozoans spores are made with three cell groups: 
valve spores, polar capsules and sporoplasm or infective 
stage generally with two nuclei, or two sporoplasms each is 
containing one nucleus. They can be coelozoic or histozoic. 
They are extracellular parasites even if intracellular stages 
were described by (Lom and Arthur 1989).  
Polar capsules which are rarely present in somatic cells 
but omnipresent in spores are essentially characteristic of 
Myxozoans. Each polar capsule contains a coiled polar filament, 
which is everted to anchor the spore and allow the sporoplasm to 
emerge from the spores valves and enter into the host.
The similarities observed between the polar capsules of 
myxozoan and cnidocysts (nematocysts) of cnidarians led 
Weill, 1938 to consider myxozoan to be aberrant cnidarians. 
This hypothesis was supported by ultrastructural studies 
(Lom and de Puytorac, 1965, Lom, 1969). Phylogenetic 
analysis of the SSU-rDNA permitted to place Myxozoa 
within the Metazoa (Smothers and al. 1994, Siddall and al. 
1995). Furthermore, other phylogenetic analyses provided 
evidence of a close relationship between Myxozoa and 
Cnidaria (Jimenez-Guri and al. 2007, Holland and al. 2011, 
Nesnidal and al. 2013, Feng and al. 2014).
Some of myxozoans can cause substantial mortalities in fishes. 
This is the case of Kudoa thyrsites that causes soft flesh syndrome 
in farmed atlantic Salmo salar and Oncorhynchus kisutch 
salmon in British Columbia (Whitaker and Kent; 1991, Kent 
and al, 1994); Ceratomyxa shasta a microscopic Myxosporean 
that parasite the afflicts salmonid fish of the Pacific northwest 
(Bartholomew and al, 1989); Tetracapsuloides bryosalmonae 
a causative agent of proliferative kidney disease in salmonids 
(Kumar and al. 2013).
The systematic of Myxosporidian is always made   on the basis 
of morphoanatomical characteristics of the spore, cytological 
characters and rDNA gene sequence (eg. El-Matbouli and 

Hoffmann 1998, Kent and al. 2011, Woo and al. 2014, Fiala 
and al. 2015). However, biochemical and immunol o gical 
techniques are increasingly used to develop both a sensitive 
diagnostic test (Chase and al. 2001, Kikuchi and al. 2013, 
Estensoro and al. 2014).
All members of the Myxobolus genus possess one 
sporoplasm with two nuclei, two cell valves and two polar 
capsules each containing a coiled polar filament required for 
the attachment to the host and its invasion (Fall and al. 1997, 
Diamanka and al. 2008).
Several studies were performed on the microsporidian polar 
tube and to date three different PTPs (PTP1, PTP2 and 
PTP3) have been described in the microsporidian species 
infecting mammals Encephalitozoon cuniculi (Delbac 
and al. 1998, Delbac and al. 2001, Peuvel and al. 2002). 
Concerning the proteins of the polar filament of Myxozoa, 
few studies were realised.
Chase and al (2014) showed the presence of conserved 
epitopes of polar filaments of closely related species of 
Kudoa. F-actin was detected in the walls of the polar filament 
of Myxobolus pseudodispar (Uspenskaya and Raikova 
2004). Ringuette and al (2011) showed a conservation of 
polar filament epitopes bands to M. pendula and 2 related 
cnidarians (the anthozoan, Nematostella vectensis, and the 
hydrozoan, Hydra vulgaris).
In our study, we demonstrated the ability of antibodies 
directed against microsporidian polar tube proteins to 
cross-react with polar filaments antigens from Myxobolus 
episquamalis, a myxosporean species infecting scales 
and fins of flathead mulland (Mugil cephalus) Then, we 
produced specific antibodies against M. episquamalis polar 
filament proteins migrating at 50-55 kDa and confirmed 
the staining of polar filament by immunofluorescent assay 
(IFA) and by immunogold labelling in transmission electron 
microscopy (TEM).
2. Materials and methods 
2.1 Biological material
Mugil cephalus, (Linné 1758) is a very common fish of 
Senegalese coasts and displays a great adaptability which 
enables him to live in very diverse physicochemical 
characteristics areas: sea, lagoons, lakes and estuaries .It 
can host various parasites among them M. episquamalis 
belonging to the phylum of Myxozoa. M. episquamalis 
forms compact whitish masses on the distal part of the scales 
(Fig.1) modifying very appreciably the external texture 
of fish. Each cyst mass ovoid or spherical and is formed 
several microcysts visible under magnifying glass.
The parastized fish were caught in the Senegalese coasts and 
transferred to the parasitology laboratory of animal biology 
department to be sacrifice. Scales from infected fishes were 
crushed in PBS (Phosphate Buffer Saline) with a Potter 
homogenizer to release M. episquamalis spores. The spore 
pellet was then washed three times for five minutes in PBS, 
centrifuged at 20 800 x g, and stored at 4°C.
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2.2 Indirect immunofluorescence assays (IFA)
Spores of M. episquamalis (Fig.2) were smeared on 
circular cover glasses, lightly air dried and fixed with 100% 
methanol for 20 min at -80°C. Spores were permeabilized 
with PBS 0,5% Triton X-100 and saturated with PBS 5% 
skimmed milk. They were incubated with antibodies diluted 
at 1/100 in PBS 0,1% Triton X-100 for 1 hour. After washing 
with PBS 0,1% Triton X-100, they were incubated with a 
dilution of 1/1000 Alexa 488-conjugated goat anti-mouse 
IgG. Preparations were then examined with a DMR Leica 
epifluorescence microscope. 

2.3 SDS-PAGE and Western blotting: 
For SDS-PAGE and Western blotting, 6.107 spores of M. 
episquamalis were used to extract proteins. SDS-PAGE was 
performed using the method developed by (Laemli 1970). 
They were disrupted by 10 steps of freezing and thawing in 
liquid nitrogen and boiled for 15 min to solubilize proteins 
in a lysis buffer containing 2.5% SDS, 9 M urea and 100 
mM DTT (Dithiothreitol). The proteins extract of M. 
episquamalis were separated by SDS-PAGE in denaturant 
conditions and transferred on polyvinyl difluoride (PVDF) 
membranes (Millipore). For immunological detection, 
membranes were saturated in PBS-milk 5% and incubated 
for 3 h with mouse antibodies (dilution 1:500) directed 
against polar tube proteins of the mammal microsporidian 
Encephalitozoon cuniculi: Ec102 a monoclonal antibody 
reacting with both PTP1 and PTP2 (Delbac and al. 1998, 
2001), and Ec1b a polyclonal antibody specific of PTP3 
(Peuvel and al. 2002).  After washing, membranes were 
reacted for 1 h with horseradish phosphatase alcaline-
conjugated goat anti-mouse IgG (1:10,000 dilutions, 
Promega) and revealed by NBT-BCIP (Promega).
2.4 Antibody production
Polyclonal antibody (PAb) named M1 was produced in 

SWISS mice from SDS-PAGE separated protein bands 
recognized by the E. cuniculi antisera Ec102. The animal 
house (agreement C63014.19) and the experimental staff 
(agreement 63-146) had been approved by the French 
Veterinary Services and experiments were conducted 
according to ethical rules. Coomassie-blue stained protein 
bands were excised and crushed in distilled water with a 
Potter homogenizer. Mice were injected intraperitoneally 
with samples homogenized with Freund’s complete adjuvant 
for the first injection and Freund’s incomplete adjuvant for 
the next injections (days 15, 21 and 28). Sera were collected 
1 week after the last injection and stored at -20°C
2.5 Immuno-labelling in electronic microscopy
For immunogold labelling in transmission electron 
microscopy, M. episquamalis spores were fixed for 1 
hour with 4 % paraformaldéhyde-0.1 % glutaraldéhyde 
in 0,1M cacodylate buffer, pH 7, 4. After infusion for 
1h at room temperature in a 25% glycerol-5% DMSO 
(dimethylsulfoxide) mixture, the samples were frozen in 
pasty nitrogen. Ultracut ultramicrotome fitted with the 
low-temperature sectioning system FC4, were used to do 
ultrathin frozen sections (90 nm), using a dry sectioning 
device at -110°C. Sections were mounted on collodion-
coated nicked grids and stored in PBS buffer prior to 
immunolocalization. After saturation for 1 hour with 1% 
ovalbumine in PBS, ultrathin sections were incubated for 3 
hours with various dilutions (1:10 to 1:100) of the primary 
antibody (M1), then for 1 hour with a 1/100 dilution of 
goat anti-mouse IgG conjugated with 10 nm colloidal gold 
particles (Sigma). After washing, ultrathin sections were 
treated with a v/v mixture of methylcellulose /4% uranyl 
acetate for 10 minutes, and then observed with a JEOL 
1200X transmission electron microscope.
3. Results 
3.1. Diseases actions of  M.episquamalis
M. episquamalis forms compact whitish masses on the distal 
part of the scales changing very appreciably the external 
appearance of the fish  (Fig.1). Each cystic mass (7-9 mm 
x 5-6 mm) is ovoid or spherical and is formed of several 
microcysts (150-400 µm in length) containing Myxobolus 
spores. As described in the figure 2, the myxosporean species 
Myxobolus episquamalis is characterized by the presence 
of two valves spores, two polar capsules each containing 
a coiled polar filament and a sporoplasm with two nuclei. 
3.2. Immunological cross-reactivity in immunofluorescence 

assay (IFA)
For detecting a cross reaction between protein polar 
filament of M. episquamalis and protein polar tube of 
Encephalitozoon cuniculi (Microsporidian), we first used 
the monoclonal antibody Ec102 directed against PTP1 (55 
kDa) and PTP2 (35 kDa), of E. cuniculi and the polyclonal 
antibody Ec1b who reacted with a 150 kDa protein band 
corresponding to PTP3 of E. cuniculi. Interestingly, 
these antibodies produced a strong green fluorescent 
signal associated with the extruded polar filament of M. 
episquamalis what let suppose a cross-reaction between 
these antibodies and certain proteins of M. episquamalis in 
IFA (Fig. 3B and 3E). Two nuclei are visualized after DAPI 
staining (Fig.3C and 3F).

Fig. 1. Flathead mullet (Mugil cephalus) with numerous white cysts on 
its scales (arrows). These cysts contain mature spores of  the myxosporean  
parasite Myxobolus episquamalis.  Microcysts are 150-400 μm in length 
and form cystic masses of 7-9 mm x 5-6 mm.

Fig. 2. Mature spores of  M. episquamalis observed under light (A): X400 
and transmission electron (B) microscope. Two polar capsules (asterisks) 
each containing a polar filament are present in the spores. These polar 
filaments can be extruded (arrows) from the capsules. Transmission electron 
microscopy revealed sections of the filament coiled inside each polar capsule
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3.3. Immunological cross-reactivity in Western blot
These antibodies were then used in Western blot against SDS-
PAGE separated proteins of M. episquamalis (Fig.4). As shown 
in figure 4B, Ec1b mainly stained a protein band at ~150kDa 
whereas Ec102 labelled at least two protein bands migrating at 
50-55 kDa in M. episquamalis protein lysates. We then injected 
the two bands around 50-55 kDa (see Fig.4A) to mice in order 
to produce antibody specific to M. episquamalis polar filament 
antigens. In IFA, the antiserum against the 50-55 kDa protein 
bands (M1 antibody) specifically reacted with the extruded polar 
filaments (Fig.4B), but not with polar filaments coiled within the 
polar capsules. 

3.4. Immunological cross-reactivity in microscopy electronic 
transmission (MET)

Immunolocalization experiments were also carried out at the 
ultrastructural level on thin sections M. episquamalis spores. As 
illustrated in figures 5C-D, electron-dense gold particles were 
distributed over cross sections of the intrasporal polar filament 
coiled within polar capsules and to the polar capsule walls.
4. Discussion
In the past, Myxosporidia were placed together with the 
Microsporidia in a new class of Protozoa called Cnidosporidia 
(reviewed in Lom, 1990. More recently, Microsporidia were 
reconsidered as fungal-related parasites (Thomarat and al. 
2004) and Myxozoa as highly degenerate members of Cnidaria 

(Jimenez-Guri and al. 2007, Holland and al. 2011, Nesnidal 
and al. 2013, Feng and al. 2014).
One of the character resemblances between these phyla is the 
presence of a polar filament/tube coiled inside the spore and 
having a role in the infection machinery. After discharge, the 
microsporidian polar tube is used to inject the infectious spore 
content within the host cell whereas the myxosporean polar 
filament serves to anchor the parasite to the host cell tissue.
The chemical composition of the microsporidian polar tube was 
investigated in many species (reviewed in Weiss and al. 2014). 
Three main proteins referred to as PTP1, PTP2 and PTP3 were 
characterized in Encephalitozoon cuniculi, and orthologous 
proteins were then found in other microsporidian species. 
E. cuniculi, PTP1 (i.e. EcPTP1) is a proline-rich protein of 
395-amino-acid in length, with a predicted molecular mass of 
37 kDa and an acidic pI and characterized by the presence of 4 
repeat units of 26 amino acids (Delbac and al. 1998); EcPTP2 
is a 277-amino-acid basic protein, rich in lysine residues with 
a predicted molecular mass of 30 kDa (Delbac and al. 2001). 
EcPTP3 is a 1256-amino-acid protein, rich in glutamic acid, 
alanine, valine and lysine residues with a predicted molecular 
mass of 136 kDa (Peuvel and al. 2002). However, all these 
PTPs are subjected to post-translational modifications, including 
glycosylation, which increase their apparent molecular masses 
on electrophoresis gels as 55kDa for EcPTP1, 35kDa for 
EcPTP2 and 150 kDa for EcPTP3. Experiments using cross-
linkers and yeast two-hybrid analysis revealed that these three 
PTPs can interact with each other during polar tube assembly, 
and this process would depend on disulfide linkages (Peuvel and 
al. 2002, Bouzahzah and al. 2010).PTP3 lacks cysteine residues 
whereas both PTP1 and PTP2 contain a high number of cysteines 
and have been shown to be solubilized in presence of high 
concentration of reducing agents. For these reasons, we used 100 
mM DTT to solubilize the polar filaments of M. episquamalis. 
In particular, the myxosporean protein bands migrating at 50-55 
kDa (Fig. 4) and demonstrated to correspond to polar filament 
antigen(s) (Fig. 5) were only solubilized in presence of DTT, 
suggesting that disulfide bridges would also play an essential role 
in stabilizing myxosporean polar filament components.

Fig. 3. Immunofluorescence (IFA) of M. episquamalis spores using Ec102 
(A-C) and Ec1b (D-F) anti-polar tube protein antibodies (X200) . Ec102 
is a monoclonal antibody directed against E. cuniculi PTP1 and PTP2. Ec1b 
are polyclonal antibodies reacting with E. cuniculi PTP3. Both Ec102 (B) and 
Ecb1 (E) cross-reacted with extruded polar filaments of M. episquamalis. A 
and D, phase contrast microscopy views; C and F, nuclei staining with DAPI.

Fig. 4. SDS-PAGE (A) and immunoblotting (B) analysis of proteins from 
spores of Myxobolus episquamalis (12% polyacrylamide gel). A, In 
Coomassie-blue stained gel, arrows indicate the protein bands excised for mice 
immunization. B, In Western blot, protein bands reacting with antibodies are 
indicated by asterisks. The different antibodies correspond to Ec1b (anti-E. 
cuniculi PTP3), Ec102 (anti-E. cuniculi PTP1/PTP2), M1 (anti-50/55 kDa 
bands of M. episquamalis) and M2 (anti-150 kDa band of M. episquamalis). 
Sera were tested at 1:500 dilutions. M

Fig. 5. Immunolabelling of M. episquamalis polar filaments in IFA (A-B) 
and transmission electron microscopy (C-D) using M1 antibodies directed 
against protein bands migrating at 50-55 kDa. In IFA, the extruded polar 
filaments are strongly labelled (B). A corresponds to phase contrast microscopy 
view. In electron microscope immunolabelling (C-D), gold particles are 
associated with the internal polar filament coiled inside a polar capsule (arrows). 
D corresponds to an enlargement of C. PF: Polar filament; PC: Polar capsule.



REV. CAMES - VOL.03 NUM.02. 2015 * ISSN 2424-7235Science de la vie, de la terre et agronomie

61

The molecular composition of the polar filament of 
Myxozoa is however more limited. Chase and al. (2001) 
generated several monoclonal antibodies (mAbs) against 
purified spores of Kudoa thyrsites, a myxozoan infecting 
muscle tissue of marine fishes. In immunofluorescence 
assays, the authors showed that two  mAbs stained polar 
capsules and polar filaments of K. thyrsites and also cross-
reacted with polar filaments of the closely related species K. 
paniformis and K.crumena. In Western blot, the mAb 3E8 
specific of the polar filament reacted with protein bands of 
approximately 64 kDa in K. thyrsites and 90 to 120 kDa in 
K. paniformis, and to a doublet at 66 kDa in K. crumena. 
These cross-reactions argue for the presence of conserved 
epitopes between polar filament proteins of closely related 
species. Other components were also characterized, 
including F-actin that was detected in the walls of the polar 
filament of Myxobolus pseudodispar (Uspenskaya and 
Raikova, 2004). More recently, Ringuette and al (2001) 
generated a rabbit polyclonal antiserum (pAbMPPF) against 
the polar filament of the myxozoan Myxobolus pendula. In 
western blot, some major bands located at 35, 40, 42, 55, 
70, 100, and 200 kDa were detected in M.  pendula while 
a major band located at 40 kDa and 3 minor bands of 48, 
70, and 130 kDa in size were detected in the closely-related 
species M. bartai. A cross-reactivity was also observed 
with protein bands at 15 and 165 kDa in the intestinal 
myxozoan parasite Enteromyxum leei (Estensoro and al. 
2013).These results indicated once again a conservation 
of epitopes  between myxozoan polar filament proteins. 
More interestingly, pAbMPPF cross-reacted in IFA with the 
polar filament of one type of nematocyst of the anthozoan 
Nematostella vectensis and the hydrozoan Hydra vulgaris, 
two related cnidarians. However, western blot analysis 
revealed an absence of immune-reactivity to nematocyst 
extracts, suggesting that this polyclonal antisera recognized 
conformational epitopes. As preliminary data, Ringuette 
and al (2001) indicated that the proteins recognized by 
the polyclonal antiserum pAbMPPF contain glycine-rich 
hydrophobic domains with sequence similarity to spinalin. 
Spinalin is a 24-kDa glycine- and histidine-rich protein 
found in spines of Hydra nematocysts, with regions with 
partial homology to loricrins and keratins. Spinalin showed 
a high tendency to associate into dimers both in vitro and in 
vivo (Koch and al. 1998, Hellster and al. 2006). 
In our study, we used two different antibodies directed 
against polar tube proteins of the mammal microsporidian 
Encephalitozoon cuniculi: the monoclonal antibody Ec102 
that reacts with three E. cuniculi protein bands at 55 kDa 
(EcPTP1), 35 kDa (EcPTP2) and 28 kDa (undetermined 
protein) and the polyclonal antibody Ec1b that reacts with 
the 150 kDa EcPTP3. Immunofluorescent assays (IFA) 
using these antibodies revealed a strong fluorescence signal 
associated with extruded polar filaments of Myxobolus 
episquamalis spores, suggesting the existence of common 
epitopes between microsporidian PTPs and M. episquamalis 
polar filament antigens. In Western blot, Ec102 and Ec1b 
cross-reacted with antigens of sizes comparable to EcPTP1 
and EcPTP3: ~50/55 kDa for Ec102 and ~150 kDa, for 
Ec1b.. Some polar filament antigens with similar sizes (55 
kDa in M. pendula, 120 kDa in K. paniformis have been 
also reported in other myxosporean species (Chase and al. 
2001, Ringuette and al. 2011). To confirm our results, we 
then produced specific mouse polyclonal antibodiy against 

M. episquamalis antigens corresponding to two SDS-PAGE 
separated protein bands of 50-55 kDa in size recognized by 
the antisera Ec102. As expected, a specific labelling of the 
polar filament was observed by IFA and by immunogold 
staining in TEM (see figs. 4 and 5). 
In conclusion, our study revealed immunological cross-
reactivities between microsporidian PTPs and polar filament 
antigens from the myxosporean Myxobolus episquamalis, 
suggesting some conserved protein motifs between these 
antigens. However, no polar filament protein sequence with 
similarity to microsporidian PTPs has been identified so 
far. Basic Local Alignment Search Tool (BLAST) search 
against the fully sequenced genomes of the Myxozoa 
Thelohanellus kitauei (Yang and al. 2014) and of two free 
cnidarians Nematostella vectensis (Putnam and al. 2007) 
and Hydra magnipapillata (Chapman and al. 2010, Steele, 
2012) also failed to identify protein coding genes having 
homology with E. cuniculi PTP1 and PTP2. A possible 
strategy to characterize some M. episquamalis polar filament 
antigens at the molecular level would be to analyze by mass 
spectrometry the 50-55 kDa proteins after separation by 
one or two-dimensional gel electrophoresis, as it has been 
done for the identification of the E. cuniculi 55 kDa PTP1 
(Delbac and al. 1998). 
Ackowledgments
We would like to thanks the Ministère de l’Enseignement Supérieur 
et de la Recherche du Sénégal through the FIRST « Fonds 
d’Impulsion à la Recherche Scientifique et Technologique ».
Ethical approval: All applicable international, national, 
and/or institutional guidelines for the care and use of animals 
were followed.

REFERENCES
1.Bahri Sihem 1997 : Etude comparée de quelques Myxosporidies 
parasites de poissons Mugilidae de Méditerranée occidentale : 
aspects structuraux, biologiques et immunologiques. Thèse de 
Doctorat en Sciences biologiques, Université des Sciences et 
Techniques du Languedoc, Montpellier II, 153 p.

2. Bouzahzah B., Nagajyothi F., Ghosh K., Takvorian P.M., Cali A, 
Tanowitz H.B., Weiss L.M. 2010: Interactions of Encephalitozoon 
cuniculi polar tube proteins. Infect. Immun.  78:2745-53. 

3. Canning EU and Okamura B 2004:  Biodiversity and Evolution 
of the Myxozoa. Advances in Parasitology Vol.56: 44-131.

4. Chase J.C., Booy M.H., Dawson-Coates J.A., Haddow J.D., 
Haines L.R., Whitaker D.J., Olafson R.W., Pearson T.W. 2003: 
Immunological detection of Kudoa thyrsites spores in muscle tissues 
of farmed Atlantic salmon, Salmo salar L. J. Fish Dis. 26:427-31.

5. Chase J.C., Dawson-Coates J.A., Haddow J.D., Stewart M.H., 
Haines L.R., Whitaker D.J., Ken M.L., Olafson R.W., Pearson T.W. 
2001: Analysis of Kudoa thyrsites (Myxozoa: Myxosporea) spore 
antigens using monoclonal antibodies. Dis. Aquat. Organ.45:121-9.

6. Delbac F., Peuvel I., Méténier G., Peyretaillade E., Vivares C.P. 
2001: Microsporidian invasion apparatus: identification of a novel 
polar tube protein and evidence for clustering of ptp1 and ptp2 genes 
in three Encephalitozoon species. Infect. Immun.  69:1016-24.

7. Delbac F., Peyret P., Méténier G., David D., Danchin A., Vivarès 
C.P. 1998: On proteins of the microsporidian invasive apparatus: 



REV. CAMES - VOL.03 NUM.02. 2015 * ISSN 2424-7235  Science de la vie, de la terre et agronomie

62

complete sequence of a polar tube protein of Encephalitozoon 
cuniculi. Mol. Microbiol. 29:825-34.

8. Diamanka A., Fall M., Diebakate C., Faye N., Toguebaye 
B.S. 2008: Identification of Myxobolus episquamalis (Myxozoa, 
Myxobolidae) in flathead mullet Mugil cephalus (Pisces, 
Teleostei, Mugilidae) from the coast of Senegal (eastern tropical 
Atlantic Ocean). Acta. Adriat. 49:19–23

9. Diamant A. 1997: Fish-to-fish transmission of a marine 
myxosporean. Dis. Aquat. Organ. 30:99–105.

10. El-Matbouli M., Hoffmann R.W. 1998: Light and electron 
microscopic study on the chronological development of 
Myxobolus cerebralis in Tubifex tubifex to the actinosporean 
stage triactinomyxon. Int. J. Parasitol. 28:195–217.

11. Estensoro I., Álvarez-Pellitero P., Sitjà-Bobadilla A. 2013: 
Antigenic characterization of Enteromyxum leei (Myxozoa: 
Myxosporea). Dis. Aquat. Organ. 106:149-62. 

12. Estensoro I., Redondo M.J., Álvarez-Pellitero P., Sitjà-
Bobadilla A. 2014:  Immunohistochemical characterization 
of polyclonal antibodies against Enteromyxum leei and 
Enteromyxum scophthalmi (Myxozoa: Myxosporea), intestinal 
parasites of fish. J. Fish. Dis.37:785-96. 

13. Eszterbauer E., Atkinson S., Diamant A., Morris D., El-Matbouli 
M., Hartikainen H. 2015: Myxozoan Life Cycles: Practical 
Approaches And Insights. In B. Okamura, A. Gruhl,  J.l. Bartholomew 
Jl (Eds.),Myxozoan Evolution, Ecology And Development, Springer 
International Publishing Switzerland, Pp.175-198.

14. Fall M., Kpatcha K.P., Diebakate C., Faye N., Toguebaye B.S. 
1997 : Observations sur des Myxosporidies (Myxozoa) du genre 
Myxobolus parasites de Mugil cephalus (Poisson, Téléostéen) du 
Sénégal. Parasite 2:173–180.

15. Fiala I., Bartosova-Sojkova P., Wipps C.M., Bartholomew 
J.L. 2015: Classification and phylogenetics of Myxozoa. In B. 
Okamura, A. Gruhl, Bartholomew J.L. (Eds), Myxozoan 
Evolution, Ecology and development, Springer International 
Publishing, Switzland, pp. 85-110.

16. Feng J.M., Xiong J., Zhang J.Y., Yang Y.L., Yao B., Zhou Z.G., 
Miao W. 2014: New phylogenomic and comparative analyses 
provide corroborating evidence that Myxozoa is Cnidaria. Mol. 
Phylogenet. Evol. 81:10-8. 

17. Foox J., Siddall M.E. 2015: The road to Cnidaria : history 
of phylogeny of the Myxozoa. J. Parasitol. 2015 Jan 26. (doi: 
10.1645/14-671.1). Epub 2006 Jun 15.

18. Hellstern S., Standefeld J., Fauser C., Lustig A., Engel J., Holstein 
T.W., Ozbek S. 2006 Structure/function analysis of spinalin, a spine 
protein of Hydra nematocysts. FEBS J. 273:3230-7. 

19. Holland J.W., Okamura B., Hartikainen H., Secombes 
C.J. 2011: A novel minicollagen gene links cnidarians and 
Myxozoans. Proc. Biol. Sci. 278:546–553.

20. Jimenez-Guri E., Philippe H., Okamura B., Holland P.W. 
2007: Buddenbrockia is a cnidarian worm. Science 317:116–118.

21. Kaltner H., Stippl M., Knaus M., El-Matbouli M. 2007: 
Characterization of glycans in the developmental stages of 
Myxobolus cerebralis (Myxozoa), the causative agent of whirling 

disease. J. Fish Dis. 30 :637-47.

22. Kent M.L., Andree K.B., Bartholomew J.L., El-Matbouli 
M., Desser S.S., Devlin R.H., Feist S.W., Hedrick R.P., Hoffmann 
R.W., Khattra J., Hallandt S.L., Lester R.J., Longshaw M., Palenzeula 
O., Siddall M.E., Xiao C.2001: Recent advances in our knowledge of 
the Myxozoa. J. Eukaryot. Microbiol. 48 :395-413.

23. Kikuchi Y., Ohnishi T., Furusawa H., Kawai T., Fukuda Y., 
Yokoyama H., Sugita-Konishi Y. 2013: ELISA detection of 
Kudoa septempunctata in raw Paralichthys olivaceus (olive 
flounder) using a chicken anti-Kudoa antiserum. Biocontrol Sci. 
18:193-7.

24. Knaus M,. El-Matbouli M. 2005: Characterisation of 
carbohydrate-binding sites in developmental stages of Myxobolus 
cerebralis. Parasitol. Res. 97:505-14. 

25.  Koch A.W., Holstein T.W., Mala C., Kurz E., Engel J., David 
C.N. 1998: Spinalin, a new glycine- and histidine-rich protein in 
spines of Hydra nematocysts. J. Cell Sci. 111:1545-54.

26. Køie M., Karlsbakk E., Einen A.C., Nylund A. 2013: A 
parvicapsulid (Myxozoa) infecting Sprattus sprattus and Clupea 
harengus (Clupeidae) in the Northeast Atlantic uses Hydroides 
norvegicus (Serpulidae) as invertebrate host. Folia Parasitol. 
60:149–154.

27. Laemmli U.K. 1970: Cleavage of structural proteins during the 
assembly of the head of bacteriophage T4.Nature227: 680-685. 

28. Lom J. 1969: Notes on the ultrastructure and sporoblast 
development in fish parasitizing myxosporidian of the genus.  Z 
. Zellforsch. Mikroskop. Anat . 97:416-437.

29. Lom J. 1990: Myxozoa. In L. Margulis, J.O. Corliss, M. 
Melkonian, D.J. Chapman (Eds.) Handbook of the Protoctista; 
the structure, cultivation, habits and life histories of the eukaryotic 
microorganisms and their descendants exclusive of animals, plants 
and fungi, Jones and Bartlandt Publishers, Boston, pp. 36-52.

30. Lom J. and Arthur J.R 1989: A guild line for preparation of 
species descriptions in Myxosporea. Journal of Fish Diseases, 
12: 151-156.

31. Lom J., de Puytorac P. 1965: Studies on the myxosporidian 
ultrastructure and polar capsule development. Protistologica 1:53-65.

32. Lom J., Dyková I. 2006: Myxozoan genera: definition and 
notes on taxonomy, life-cycle terminology and pathogenic 
species. Folia Parasitol. 53:1-36.

33. Lu Y.S., Nie P., Sun B.J. 2003: Dandection of Myxobolus 
rotundus (Myxozoa: Myxosporea) in skin mucus of crucian carp 
Carassius auratus auratus using a monoclonal antibody. Dis. 
Aquat. Organ. 54:171-3.

34. MacKenzie K., Kalavati C.2014: Myxosporean parasites 
of marine fishes: their distribution in the world’s oceans. 
Parasitology 141:1709-17. 

35. Markiw M.E. and Wolf K. 1983: Myxosoma cerebralis 
(Myxozoa, Myxosporea) ethiologic agent of Salmonid whirling 
disease requires Tubificid worm (Annelia: Oligochaeta) in its life 
cycle. J. Protozool. 30: 561-564.

36. Morris D.J., El-Matbouli M., Adams A. 2004:  Extensive 
release of an antigen associated with the sporogonic stages of 



REV. CAMES - VOL.03 NUM.02. 2015 * ISSN 2424-7235Science de la vie, de la terre et agronomie

63

Myxobolus cerebralis (Myxozoa: Myxosporea) is dandected 
by a heterologous antibody raised to Tandracapsuloides 
bryosalmonae (Myxozoa: Malacosporea). Folia Parasitol.  
51:215-20.

37. Nesnidal M.P., Helmkampf M., Bruchhaus I., El-Matbouli 
M., Hausdorf B. 2013: Agent of whirling disease meands 
orphan worm: phylogenomic analyses firmly place Myxozoa in 
Cnidaria. PLoS ONE 8, e54576.

38. Okamura B., Gruhl A., Reft A.J. 2015: Cnidarian origin of Myxozoa. 
In: B. Okamura and al. (Eds.), Myxozoan Evolution, Ecology and 
Development, Springer Intern Pub, Switzerland, pp. 45-68.

39. Peuvel I., Peyrand P., Méténier G., Vivarès C.P., Delbac F. 
2002: The microsporidian polar tube: evidence for a third polar 
tube protein (PTP3) in Encephalitozoon cuniculi. Mol. Biochem. 
Parasitol. 122:69-80.

40. Putnam N.H., Srivastava M., Hellsten U., Dirks B., Chapman 
J., Salamov A., Terry A., Shapiro H., Lindquist E., Kapitonov 
V.V., Jurka J., Genikhovich G., Grigoriev I.V., Lucas S.M., Steele 
R.E., Finnerty J.R., Technau U., and Martindale M.Q., Rokhsar 
D.S. 2007:  Sea anemone genome reveals ancestral eumandazoan 
gene repertoire and genomic organization. Science 317:86-94.

41. Rangel L.F., Santos M.J., Cech G., Székely C. 2009: 
Morphology, molecular data, and development of Zschokkella 
mugilis (Myxosporea: Bivalvulida) in a polychaete alternate 
host. J. Parasitol. 95:561–569.

42. Redondo M.J., Palenzuela O., Riaza A., Macías Á., Álvarez-
Pelliterro P. 2002: Experimental transmission of Enteromyxum 
scophthalmi (Myxozoa), an enteric parasite of turbot 
Scophthalmus maximus. J. Parasitol. 88:482–488.

43. Redondo M.J., Cortadellas N., Palenzuela O., Alvarez-
Pellitero P. 2008: Dandection of carbohydrate terminals in the 
enteric parasite Enteromyxum scophthalmi (Myxozoa) and 
possible interactions with its fish host Psandta maxima. Parasitol. 
Res. 102:1257-67. 

44. Ringuette M.J., Koehler A., Desser S.S. 2011:  Shared 
antigenicity between the polar filaments of myxosporeans and 
other Cnidaria. J. Parasitol. 97:163-6.

45. Shpirer E., Chang E.S., Diamant A., Rubinstein N., Cartwright 
P., Huchon D. 2014:  Diversity and evolution of myxozoan 
minicollagens and nematogalectins BMC Evol. Biol.14:205. 

46. Siddall M.E., Martin D.S., Bridge D., Desser S.S., Cone 
D.K. 1995: The demise of a phylum of protists: phylogeny of 
Myxozoa and other parasitic Cnidaria. J. Parasitol. 81:961-967.

47. Smothers J.F., von Dohlen C.D., Smith L.H. Jr, Spall R.D. 
1994: Molecular evidence that the myxozoan protists are 
metazoans. Science 265:1719-1721.

47. Steele R.E. 2012:  The Hydra genome: insights, puzzles and 
opportunities for developmental biologists. Int. J. Dev. Biol. 
56:535-42.

48.Thomarat F., Vivarès C.P., Gouy M. 2004: Phylogenetic 
analysis of the complete genome sequence of Encephalitozoon 
cuniculi supports the fungal origin of microsporidia and reveals 
a high frequency of fast-evolving genes. J. Mol. Evol. 59:780-91.

46. Timi J.T., Mackenzie K. 2015: Parasites in fisheries and 
mariculture. Parasitology.142:1-4.

50. Uspenskaya A.V., Raikova O.I. 2004:  F-actin and beta-
tubulin localization in the myxospore stinging apparatus 
of Myxobolus pseudodispar Gorbunova, 1936 (Myxozoa, 
Myxosporea). Tsitologiia 46:748-54.

51. Weill R. 1938 : L’interprétation des Cnidosporidies et la 
valeur taxonomique de leurcnidome. Leur cycle compare à la 
phase larvaire des Narcomeduses Cuninides. Trav. Station Zool. 
Wimereux 13, 727–744.

52. Weiser J. 1985a:  Phylum Myxozoa. InJ.J. Lee, S.H. Hunter, 
E.C. Bovee (Eds.) An Illustrated Guide to the Protozoa. Allen 
Press. Lawrence, Kansas. pp. 384-392.

53. Weiser J. 1985b: Phylum Microspora. InJ.J. Lee, S.H. Hunter, 
E.C. Bovee (Eds.) An Illustrated Guide to the Protozoa. Allen 
Press. Lawrence, Kansas. pp. 375-383.

54. Weiss L.M., Delbac F., Hayman J.R., Pan G., Dang X., Zhou 
Z. 2014:The Microsporidian Polar Tube and Spore Wall. In L.M. 
Weiss, J.J. Becnel (Eds) Microsporidia: Pathogens of Opportunity. 
Wiley-Blackwell. London, UK. pp. 261-306.

55. Wolf K., Markiw M.E. 1984: Biology contravenes taxonomy in 
the Myxozoa: New discoveries show alternation of invertebrate and 
vertebrate hosts. Science 225: 1449-1452. 

56. Woo S.H., Seo J.S, Lee E.H. 2014: Discrimination and 
simultaneous detection of two myxozoan parasites belonging to 
genus Thelohanellus by multiplex polymerase chain reaction. 
Vand. Parasitol. 203:212-6.

57. Yang Y., Xiong J., Zhou Z., Huo F., Miao W., Ran C., Liu Y., 
Zhang J., Feng J., Wang M., Wang M., Wang L., Yao B. 2014:  
The genome of the myxosporean Thelohanellus kitauei shows 
adaptations to nutrient acquisition within its fish host. Genome 
Biol. Evol. 6:3182-98. 

58. Yasuda H., Ooyama T., Iwata K., Tun T., Yokoyama H., Ogawa 
K. 2002: Fish-to-fish transmission of Myxidium spp. (Myxozoa) 
in cultured tiger puffer suffering from emaciation disease. Fish 
Pathol. 37:29–33.

CAPTIONS

Fig.1. Flathead mullet (Mugil cephalus) with numerous white 
cysts on its scales (arrows). These cysts contain mature spores of 
the myxosporean Myxobolus episquamalis. Microcysts are 150-
400 µm in length and form cystic masses of 7-9 mm x 5-6 mm.

Fig.2. Mature spores of M. episquamalis observed under light 
(A) and transmission electron (B) microscope. Two polar 
capsules (asterisks) each containing a polar filament are present 
in the spores. These polar filaments can be extruded (arrows) 
from the capsules. Transmission electron microscopy reveals 
sections of the filament coiled inside each polar capsule.

Fig.3. Immunofluorescence (IFA) of M. episquamalis spores 
using Ec102 (A-C) and Ec1b (D-F) anti-polar tube protein 
antibodies. Ec102 is a monoclonal antibody directed against 
E. cuniculi PTP1 and PTP2. Ec1b are polyclonal antibodies 
reacting with E. cuniculi PTP3. Both Ec102 (B) and Ecb1 (E) 
cross-reacted with extruded polar filaments of M. episquamalis. 
Sera were tested at 1:100 dilutions. A and D, phase contrast 
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microscopy views; C and F, nuclei staining with DAPI.

Fig.4. SDS-PAGE (A) and immunoblotting (B) analysis 
of proteins from spores of Myxobolus episquamalis (12% 
polyacrylamide gel). A, in Coomassie-blue stained gel, arrows 
indicate the protein bands excised for mice immunization. B, 
in Western blot, protein bands reacting with antibodies are 
indicated by asterisks. The different antibodies correspond 
to Ec1b (anti-E. cuniculi PTP3) and Ec102 (anti-E. cuniculi 
PTP1/PTP2). Sera were tested at 1:500 dilutions. M: molecular 
weight markers in kDa.

Fig.5. Immunolabelling of M. episquamalis polar filaments in 
IFA (A-B) and transmission electron microscopy (C-D) using 
M1 antibodies directed against protein bands migrating at 50-55 
kDa. In IFA, the extruded polar filaments are strongly labelled 
(B). A corresponds to phase contrast microscopy view. In 
electron microscope immunolabelling (C-D), gold particles are 
associated with the internal polar filament coiled inside a polar 
capsule (arrows). D corresponds to an enlargement of C. Sera 
were tested at 1:100 and 1:10 dilutions in IFA (B) and TEM (C 
and D), respectively. PF: Polar filament; PC: Polar capsule.


