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ABSTRACT: Myxobolus gayerse sp. i and M. leociscind Gonedlez-Lanza & Alvarez-Pellitero, 1U85
bMyxozoa: Myxobolidae) have been described and re-described [rem European chub Leociscos
cepialus L. from the Hunganan stretch of the gver Danube. The ellipsoidal plasmodia of M. gayreras
spe. 0. were found in the mucosa of the intestinal wall, whereas the large, elongated plasmodia of M.
tewrciscin infected the afferent artenes of the gill filamenis. The spores of M. gayerae sp. n. are rela-
tively large, slightly oval and almoest rectangular in shape. On the basis of spore morphology and 185
HOMA sequences, the most similar species was M. eyeloides Gurley, 1853, bul the 2 species differed
im host and lissue tropism as well as in the size of the spores, The spores of M Jleucisond from
L. cephalus, having no intercapsalar appendix or occasionally a very small one, showed a high mor-
photogical similarity (o spores collected from L. cephalies cabeda, Chondrostoma polylepls and
Rutifus arcasl in Spain and describsed as M leociseind Gonedlez-Lanza & Alvares-Pablitera, 19§85,
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INTRODUCTTION

The European chub Lepciscus cephalus (L), a
comiman fish in Europe and in the Middle East, 18 régu-
larly Indfecterd by several Myxobolies spp (Shulman
1963, 1966, Caomealez-Lanza & Alvaroe-Peliitero 15905,
Landsborg & Lom 1901, Lom & Dyvkova 1992, 159465,
Eiras et al, 2005, Feist & Longshaw 2006). In a recent
paper, Maolndr et al. (2006} recorded the occurrence of
& species in this particular fish, Of the parasite speches
Tound, M, merslierd Boetschli, 1THEZ, AL olerjarcding [Thxloe-
han, 1RO}, M. meeliercus Malnar, hMarton, Eszter-
baver, Székely, 2006 and Myxobaolus sp. 2 were located
in the gills; M. cpoloides Curley, 1843 was detected in
the swimbladder serosa; M. ellipsoides Thélohan, 18402
in the fins; M. pseudodispar Gorbonove, 1936 in the
mmzseles; and Mypxobodossp. 1 in the gul.

Cin the basis of the morpholomesl ecamination o
additional samples and tha analysis of their 185 rDikA
saquences, Mypxobolus sp. 1 and Myxobolis sp. 2 ware
described in the present paper as M, gayerae sp, n. and
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M, leuciscing Gonzalez-Lanza & Alvarez-Pellitero,
1985, respectivaly,

MATERIALS AND METHODS

Myzobolus  samples from  the chub  Lewciscus
caphalus in the present study were derived partially
from 8% specimens {5 to 27 cm in length) collected [rom
the Danubse and [rom ils tibulary creoks by Seenten-
drer (morth of Budapest) between 1998 and 2005, and
were studied previously by the authors of the present
paper iblolnar et al. 2006, In 2006, additional maten-
als were collected from 37 chub specimens amd
approximately the same number of samples lrom other
leuciscine lishes | Lenciscus ides, Refilus rodilus, Scar-
dinius erythrophithalmus), The 1 and 2y old fish spec-
inens (6 be 18 cm o in length) were semned or collected
by means of an electro-fishery device, The fish wera
carried to the laboratory alive in oxygenated plastic
bags, kept in asrated aguaria, and subjected 1o & com-

& [nter-Hesearch 2007 - www inf-Tes.com



144 Cie= Aigual Cirg 78

147 =133, 2007

plete parasitological dissection within 3 d. In the
course of thi dissections, special care was taken o find
the plasmodia of Myxobaolus sp. 1 and Myxobolus sp. 2.

The dissection of fish, collection and preservation of
spores, histology, photo-recording, as well as muost of
the melecular methods, were previously described by
Molndr of al, (2006}, Measurements were taken in
mictometers an Lhe basks of 30 fresh spores. A nested
PCR system with the 182 to 18g’ primers, followed by
the MEXSMED primer pair was used for amplification.
The purified PCR products were sequenced direcly in
both directions using the ABI BigDye Terminator Y31
Cyele Sequencing Kit with an AB] 3100 Genetic Ana-
Iyzer automaled DNA sequencer,

RESULTS

During dissections parformed in 2006, the occur-
rence of Myxobolus psepdodispar was the most fre-
quent, since all of the 37 specmens were inlected by
this parasite, In most ceses, mixed infoctions were
found, AL muellericus was recorded in 27 M. mroelled,
in 14 M dujarding in 13; and M. cycloides and M.
ellipsoides in 12 fish specimens, Only a single spec-
men was infected with Mypzobolus sp. 1, and 3 speci-
mens wers inlocted with Myxobolys sp. 2,

On the basis of the Mpxobolus spores collecied up to
2005 [referred to by Molnar et al. 2006 as Myxobolus
sp. 1 and sp. 2| and on the basis of the additional sam-
ples collected in 2006, the description of the novel spe-
res and the re-description of M, feocizcind from the

new fost ara as follows:

Fig. 1. Schomatic drawings of [a fo ¢} Myzabolus geyeres
spr. 1, and (4 10 B M. feuciseing (a,d) Frontal view, [be] sulural
view and | 0} semi-lateral view, Scale boar = § jun

Myxobolus gayerae sp. o, [syn. Myxobolns sp. 1
by Molndr ef al. 2006]

[n the course of dissection, pinhead-sized, round or
ellipsoidal plasmodia up to 1 mm in length and 0.7 to
0.8 mm in width were observed In the first parf of Lhe
intestine. Plasmodia wore wsually lecated in groups
of 3 to B Spores develop in disporic pansporoblasts,
Spores [Figs. 1a & 2a) are relatively large, short-allip-
soidal, and almest rectangle in frontal view and elon-
gated-ellipsoidal, stightly lemon-shaped in sutural
view (Fig. 1bl. Lengih of the spores was 15,1 & (062 jm
(13.7 1o 16.5 pm|, width was 127 = 065 pm (11,5 to
14.0 pm] and thickness was 7.9+ (L6 pm (7,3 to 8.7 pm|
Polar capsules were eqoal in size, pyriform shghtly
converging antertorfy, 6.1 £ 0,62 pm (5.0 to 7.5 pm} in
length and 4.0 £ 0,45 pmo{3.2 to 4.5 pm) in width. There
were B polar filament colls, armanged perpendicular
to the capsule length, A large, efongated, triangular
intercapsular appendix, measuring Z4 £ 044 pm (2.0
to 1.0 pmj was located antenorly belween the cap-
sules. Sufural profrusion forms a circular rim arcund
the spore, emerging about 0.7 to 0.8 pm over the sur-
face of the spore (Fig. 1e). In frontal view, it appears as
a collar around the spore. The thickness of the rim Lo
sufural view messures aboul 08 pm. Sutural edge
markings (Nos. 6 and 7} are fairly visible in fresh
spores, Single binucleated sporoplasm with a large,
round isdinophilons vacusle 15 presont, A rowcous
envelops was not lound,

Type host European chub Leuciscus cephalus L.
[Cyprinidae).

Type locality: Bikkis Creek, a tributary of the river
Danube imorth of Budapest).

Slte of lissue development: Subepithelial in the
Intestinal laming projiia.

Type maberial: Synivpe spores in glycerine-gekatin:
were deposited in the parasitelogical collection of the
Zoological Department, Hungarian Natural History
Museum, Budapest, Coll. Mo, HMNFIM-1765%, The 185
rDMA sequence of Myxobolus gayerse was previousty
deposited in GenHank under accession number
DCM3BR0S as Myxobolus sp. | EE-2006.

Prevatence of infection; 2.4% (3 ol 124),

Etymology: The species is named alter Eva Kovdcs-
Gaver, the sminent Hungarian fish pathologlst.

Histology of infection: Plasmodia wore located
inslde the propria and submucosa layers of the intesti-
nal wakl [Fig. 3 Semi-mature plasmodia contained
mature gpores in the central region and young sporo-
gonic slagqes at the periphery, Ectoplasm of the plas-
modia formed a thick eosinophilic wall ground the
andoplasm filled with spores [Fig. 4); 2 or 3 layers of
dense connective lissue surrounded the plasmedium.
In most parts, the conneclive tesue capsule was Dor
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Fiip. 2. Spores of wew Myxobelis spp, from chub Leycisous cephalus (&) Spores of Myxodolin gaperss spo noand (bj spares ol
M, feuctselni, Scale bar = 3 jumn

dered Dy a less dense connective tssue ol the pr-:a-rlriﬂ.
rich in capillaries, On the apical side, the plasmodium
was in close contact with the intestinal epithelium; in
the baszal part, howevar, the cyst contacted the circular
layer of the intestinal musculaiwre [Fig. 4)

Molecular data: The DMNA sequences of 2 samples of
this spercies wore 99.9%, identical, as only a single
nuclentide difference was detected over approxi-
mately 1550 bp long 185 rDNA sequences. However,
they were rather different from the species AMyxobolus
cyprimiceda, which 5 morphologically similar and
develops plasmodia in the same location, although in g
dilferent host species. The genetic similanty of the 2
spodies was B6 7%, DMNA sequences of this speces also
differed from sequences of other Myxobolus species
collected from chub, The most closely related species
was M. cpcladdes, with $6.9% similarity in their 1BS
rl3M A fragment,

Remarks: This species resembled, in both spore mor-
phology and lecation of plasmodia, Myxabolus cyprini-
cole Reuss, 1906 from the common carp Cyprinogs car-
pio L., but the spores of M, cyprinicola were smaller in
size. Despite the morphological similarities and identi-
cal location, the 2 species deardy differed al the DNA
level.  Morphologically, this spocies resembles A
cpclides ox flowcisous, a typical parasite of the swim-
blgdder of chub, but differs from it by being larger in
size. In s size, AL gayerse sp. n alse resembles A
rutili Donee & Tozyjakova, 1984, & parasite which

cawses cysts o develop on the fins of roach Rutius
rohlics, but differs from the latter spedes in the 185
rDNA of spores collected from roach in Hungary
lauthors' unpuhbl. data),

Myxoboles lewciscind Gonzalez-Lanza & Alvarez-
Fellitero, 1985 (syn. Myxobolus sp, 2 by Molndr
ef al. 20WkG)

Lardgpe, elondgated, vascular and intralilamental |':||'FH¢":
plasmodia of this species were located n the afferend
arteria of gill filaments, typically occupving the arteria
sepqment close to the gill arch [Fig. 5). Spores were
ellipsoidal in frontal view (Figs, 1d & 2b), measured
10,1 = 075 pm (5.0 o 11.0 jm] In length and 9.0 2
(h24 pm (5.5 1o 8.5 pm) in widlh, F:iE,:u,:rl:.s witre lemon-
shapod in sutural view (Fig. 1o}, measuring 3% =
49 pm (5.0 to 6.0 pm| n thickness, Polar capsules
were equal in size, pyriform, slightly converging anie-
riorly with & bottleneck part at the end, 4.2 + 0026 pm
(40 to 4.5 pm) in length and 29 = 0029 pm (2.5
o 35 pm) in width. Six polar filamen! ooils were
arrangod obliquely to the lopg axis of the capsule
Cinly on a few occassions was a very small intercapsu-
lar appendixz seen. In a number of fresh spores, sutural
efdge markings (MNos, 6 and ¥} were observed, The
suture forms a -{.3 jum thick rim around the R
{Fig. 1}, which profrudes aboul 0,7 to O pm over the
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Figs. 110 6. Myzoholus gayeree or M, feecscind in Lenciweus coplielus, Py, 3 N, gayerae sp. 0. Plasmodia (p)in the gut of chiab
Histological section, hematoxylin and eosin staining (H& B}, scale bar = 400 pmi, Fig, 4. M. gayerse sp. o, plasimodioem (P n e
gut of chuly. The plasmodium with an ersinophil ecleplasm (arrows] iowards the intestinal lomen ) contacts he inlestinal J'|'.'l"II'|="-
lium jarrowheads and basally lays on the mbestinal muscalatuee [os. Histalogical section, FISE, scake bar = 200 gm, Blg. 5 M
leareieciad. Plasmodium (p) in tha gl fikament ([} of chul closs o the gill arch (s, Frosh mount, scale bar = 500 g, Fig, B, A, Jear-
ciscind. Plasmedivmm (i) 10 the artery of a gill filoment inchob, Onoe sids, the plasmediom fits bghily bo the endativelium [arrow),
prt e atber gide, & thin tow of red blond cells (arrowhead) sliosws the pessible passage of blood. Histelogical section, H & E. scale
4 Bar = 100 pm

surface of the wall. A single, binucleated sporapiasm
with small, round lodinephilens vacuole was present,
A mucous pnvelaps was absent.

Hosti European Leuctsens
iCyprinidaei.

Type locality: Bikkos Creek. a tribulary of the rver
Dranubes (north of Bodapest).

chineky

ceplalus L

Site of lissne developmeni: Allerent arteres of the
il flaments

Type material: Syntype spores in giycerine-gelating
wore deposited in the parasitological collection of the
Zoolegical Department, Hungaran MNatural History
squseum, Budapest, Coll. MNo, HMHM-17656, The 185
rDMNA sequence of Myxobolus leucteinl was previ-
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ously deposited in GenBank under accession number
THI4A0A] 1 as Myxobolus sp. 2 BE-2006.

Prevalence ai infection: 7.2% 9 of 124).

Histology of infection: Plasmodia were located in
the afferent arteries of the gill filaments, close o the
gill rakers occupying about half of the [lamenl in
length (Fig. 6. Old plasmodia included mature spores;
some youngor ones also contained sporogonic stages.
Ectoplasm of the plasmodia formed a thin egsinophilic
wall around the endoplasm [illed with spores. Mo
daegeneration of the affected gill lilaments was
recorded.

Molecular data: Three of the 4 sequenced samples
showed 100%, similarity, whereas the fourth sample
weas 99,5 % similar to the other 3. The morphologically
similar Myxobolus moelierd and M. muellercus dif-
fered from M, Jeuciscini at the DNA level [BEY 1o
B9.6% and B0 to 90.1% similarity, respeclively),
Genelically, the most closely related species was M,
eilipsmides (94,4 o 947 %],

Remarks: In its sporg morphology and location
within the host, our Myxobolus lrociscing best resem-
bles the original description of M. Jeucisciad by
Gonzdles-Lanza & Alvaree-Pelliters (1985), who fownd
this species in 3 different fishes | Chondrostoma poly-
Tapis, Logcivcws cephalus cabeda and Rubilus arcasi) in
Spain. M Jevcrscind has also been re-described by Igle-
sias et al. (2001), who observed this species in O
polylepis, The latter authors found no inlercapsular ap-
pendix, but reporied the presence of a small, nipple-
like projection af the anterior end of the spore, On the
spores wi collectied, this projection was not seen. Un-
fortunateky, the M, lewrciscin species described and re-
described in Spain has ned boen studied al the DMA
level up to now; thersfore, a molecular comparisan
with our M. feuciscind speries 15 not possible, M. fen-
ciscini possesses similar spore morpholoay to M, moel-
Jert, bl also diflers from it and from A moeifericus by
lackimg a well-obsorvable inlercapsular appendix and
by also diffedng in its 185 rDMA, M, (Lentosporal
cabedae described by Ghitting { 15962) from the gill fla-
menty of L cephalis cabeda in the Po River dilfers
from M. lecciscing by b8 well-observable intercapsular
appendix, M. Jowciscnd seems b be morphologically
and genetically closely rolated o M. ellipsoides, but
differs by its smaller size and by its lissoe Foplam.

DISCUSSION

More than 30 Mpzobofus species have been
recorded from the European chub Lenciscus cephalus
Donec & Shulman 1984, Landsberg & Lom 15991, Eiras
el al, 2005), OF these species, only 7 (M. cabedan Ghil-
tino, 1963 M. npressus Mireshnichenko, 1980 M,

infurdibidfaius Donec & EBulakovskaya, 196E M
isakon Shaova, 19659, M. lepciscinl Gonzdlez-Lanza &
Alvarez-Pollitera, 1985 M. muaeller Bustschil, 1982
and A muelleroes Molndr, Marton, Eszlerbauer,
Székely, 2006) have been described from The chuk as
the typical host, Comparative morphological and mal-
eoitlar stuclies on yxobolis spp. from chub are avail-
able only in the paper by Maolnar et al. (2006,

Two factors complicali the rellable ldentification of
the morphologically similar Myxobolus species: the
incomplete descriptions of the alresdy Kiueen species
and the sparse knowledge about their host spacilicity,
[raila available in the latter respect suggest thal maost
Myxoboles spp. can infect only a single host or some
closaly related fishes (Molndar 1994, Molndr et al, 20002,
Longshaw et al, 2003, Blazer et al. 2004, Eszterbaver
20, Cone & Basy 2005, Cone ef al. Z005), In a previ-
ous stady (MMolnar et al, 2006} and in an additional
examination (Molndr et al. unpubl, data) some leo-
ciscinue  lishes [Leuciscus cephalus, Rubiles  robifos
Scardinius  oryihrophthalaius, Abramis brama and
Blicca bioerkna), only M, pseudodispar was found to
infect all of the above fish species. Other Myxobolus
gpecies infecting the gills, kidney, swimbladdes and
skin of leuciscine fish speres proved to be different,
both im their morpholegy and in their 1BS rDMA
Because of its spore morphology and s clearly vizible
triangular intercapsular appemdiz, ML gayerae sp.n
best resembled M. cpclodes, the common parasibe
from the chub's swimbladder, These species also
showed the closest relation on the basis of 185 rlMNA
sequences. However, the specific location of M. gay-
erae sp. 0. in the gul and its larger spore size, as well as
DMA sequence data, indicated a woll-defined differ-
ence and supporied the descripbion af M. geiyeras
&, 0. @8 8 novel species,

i the basts of the onginal descnption by Gonzalez.-
Lanza & Alvaree-Pellitero (18985), Myxobolus leuciscing
is found to ke morphologically the most similar species
to the one we studied, although nelther the type host
nor the exact tissue location was determined in the
priginal description. Lacking the 1685 rlNA sequence
al M, leuciscind from the origingl hosts, the wentity of
the original M, Jeuciscind and the one we found cannol
be excluded: therefore, we identifled the collectad
spores as the above species. On the other hand, the
examined spores differ from M. feuciecing re-described
by lylesias et al (2001}, having considerably differend
spore morphology and site selaction, These findings
sugigest that the species known as M. leuciscind mighl
cover >1 valid species. (4 the species studied at the
DNA level, M. ollipsoides besl resembled M. legciscinl
in its spore morphology as waell, bul the 2 species dif-
tered from each other in their locations within the hosl
and in thelr 185 rOMA sequences,
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Eiras et al. (2005} reqgistered 751 valid AMyxobolus
spp. in their synopsis, The number of the species is
expecied to increase, as specles identified only by
spore morphology, as ‘pynformis, ovalis, robundus,
ellipsoides, ete.” might be altibobed o several dilfer-
ent species. On the other band, & number of known
spacies, especially those described by scatterad spores
without data on plasmodial stages being provided and
those whese original description b5 poor and insaffi-
clent for exact speces identitication, should be re-
gardesd a3 nomen pudom,

holpar [2002a,b) pointed out the imporance of site
selaction of Apxobolus spp. in the hosl. The plasmodina
of M. leociscind have about the same specific develop-
mential site as that of M. muaeller in the afferent arter-
ies of the gill fllaments, but data obtained up to this
Hime suggest that the plasmodia of M, levcisein tend 1o
croupy the arlerial region close io gill arches, whoreas
the plasmodin of A, muellen prefer regions close to the
tip of filaments,

Although  several MAyxobolus spp. have besn
describad {rom the gut of Ash, relatively lttle is known
about tee nodular inlection in ths inbestinal wall, This
kind of divelopment characterizes M, podulodntost-
nalis Massoumian et al, 1986 and M. cyprinicela
Reuss, 19046, [n its site selection M. gayerae sp. 0.
belongs to this group, but in its morphalogy i differs
from the above 2 species in several respects.

In our description, we reported for both species &
will-observable sutural fm, which protroded over the
surface of the spore. This nm gives the virtual effect of
a thick wall. Spores of different AMyxobolus spp. are
generally regarded as having a relatively thick spore
wall. This is correct i they are compared o some menmn-
bies ol other myxosporean geners The virlual thick-
ness, however, measuring up fo 04=0L6 pm in [ronfal
view in some species, comes from the thick rim of the
suture running around the spores (Fig, fc.f], This nm
has been well demonstrated in the scanning eleciron
micrescopic studies by Desser & Paterson (1878) on
ASfpxobnlus sp, leom Nedropis cornutes and by Adriann
il oal, (2002} an M porophilus. The actual thickness of
the mature spores measured at eiher parts of the wall
was only (101 o .02 pm, as has previoosly been deter-
mined by transmilssion electron microscopic studies
(Desger & Paterson 1976, Casal et al. 2002, Tajdarh &1
al, o0

Thiz present study snd 4 previous survey |Molnar o
al. 2008} show that a single fish species such as chub
can be infected by seyeral site-specific Myxobolus spp.
Further studies on the parasitic myxozoan fauna of
related cyprinid fishes are necessary 1o decide whether
the Myxobolus spp. found dunng these examinations
are specilic parasites of chub or whether they can also
infect other cyprinid fishes, In the casa of M. leuciscind,

maolecular studies on the spores collacted from the type
hosis in Spain would be able to conclusively determine
whether our identification as M. leuctscind was correct
ar whether the species we studied 5 new.
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