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Ultrastructural description of Ceratomyxa tenuispora (Myxozoa),
a parasite of the marine fish Aphanopus carbo (Trichiuridae),
from the Atlantic coast of Madeira Island (Portugal)
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Abstract. The first ultrastructural description of Ceratomyxa tenuispora Kabata, 1960 (Myxozoa, Bivalvulida) from Madeira
Island (Portugal), a parasite found in the gall bladder of the commercially important black-scabbard fish, Aphanopus carbo Lowe
is presented. This parasite possesses spherical to ellipsoidal disporous trophozoites. Spores have a central crescent-shaped body
averaging 11.0 pm in length, 28.5 pm in thickness and 12.1 pm in width. The valves have two long opposite lateral processes
(ribbon-like structures or tails), each averaging 173 um in length. The total thickness of the spore averages 375 um. The spore
has two sub-spherical polar capsules (~5.2 x 4.1 um), each with a polar filament with 7 to 8 coils. Some ultrastructural aspects of
the sporogonic stages are described. The trophozoites develop without contact with epithelial cells. The cytoplasmic membrane
has numerous evenly distributed external slender projections about 0.3 to 0.7 um long. The sporogenesis produces two spores
without pansporoblast formation. In the matrix of the capsular primordium, microtubules with an unusual organisation were
observed. A binucleate sporoplasm that contains several sporoplasmosomes and dense bodies fills the spore cavity and extends to

the tails without penetrating them.

The genus Ceratomyxa Thélohan, 1892 is one of the
largest genera of Myxosporea (phylum Myxozoa),
which includes about 172 species, mostly parasites of
marine fish (Lom and Dykova 2006). Most of them are
coelozoic, rarely histozoic. They have a world-wide
distribution and cause severe infections, mainly of the
digestive tract organs (for revision see Lom and Dykova
1992, Eiras 2006). Only some species were ultrastruc-
turally studied, such as C. shasta (Yamamoto and Sand-
ers 1979), C. globulifera (Desportes and Théodoridés
1982), Ceratomyxa sp. hyperparasitized with the micro-
sporidian Nosema ceratomyxae (Diamant and Paperna
1989), C. labracis and C. diplodae (Alvarez-Pellitero
and Sitja-Bobadilla 1993, Sitja-Bobadilla and Alvarez-
Pellitero 1993a), C. sparusaurati (Sitja-Bobadilla et al.
1995, Palenzuela et al. 1997), C. drepanopsettae (Mor-
rison et al. 1996), and C. protopsettae (Cho et al. 2004).

Ceratomyxa tenuispora Kabata, 1960 was described
from the black-scabbard fish, Aphanopus carbo Lowe
based only on a schematic drawing (Kabata 1960).
Later, this parasite was reported from the same fish
host, a commercially important fish species, collected
from deep-waters around Madeira Island (Costa et al.
1996). The present paper details the ultrastructure of the
spores and some sporogonic stages of the life cycle of
Ceratomyxa tenuispora are described.

MATERIALS AND METHODS

One hundred and one specimens of black-scabbard fish,
Aphanopus carbo Lowe (Teleostei, Trichiuridae) (specimens
from 100 to 130 cm long), were collected at depths of 600—
1,200 meters and at 5 to 10 miles off the North Atlantic coast
of Madeira Island (33°07°-32°02°N, 16°16’-17°16’W). Im-
mediately after capture, fish were placed on ice and brought to
the laboratory for parasitological examination. After necropsy,
the gall bladders were removed and examined for infections
with myxosporeans by light microscopy (LM). Wet smears
revealed myxosporean spores and other life-cycle stages in the
bile. Fresh isolated mature spores were observed using differ-
ential interference contrast (DIC) (Nomarski) optics. For
transmission electron microscopy (TEM), small fragments of
parasitized gall bladders as well as bile fluid were fixed in 3%
glutaraldehyde in 0.2 M sodium cacodylate buffer (pH 7.2) for
10h at 4°C, concentrated in agar and then washed overnight in
the same buffer at 4°C. The samples were postfixed with 2%
osmium tetroxide in the same buffer for 2h at 4°C, dehydrated
through an ascending ethanol and propylene oxide series, and
embedded in Epon. Semithin sections for LM observations
were stained with methylene blue-Azur II. Ultrathin sections
were double-stained with uranyl acetate and lead citrate before
observation in a JEOL 100 CXII TEM, operated at 60 kV.
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RESULTS

Disporous plasmodia of spherical to ellipsoidal shape
(Fig. 1) and spores (Fig. 2) were found floating in the
bile of several fish (7 out of 12). The body of the iso-
lated mature spores was 11.0 + 0.9 um (n = 15) long by
28.5+ 1.2 pm (n = 12) thick and 12.1 £ 1.1 pm wide in
sutural view. The spore body was crescent-shaped in
front view with a convex anterior end and a flattened
posterior one (Fig. 2). Two polar capsules were equal,
sub-spherical to pyramidal, and measured 5.2 £ 0.3 um
x 4.1+ 04 (n = 10) um (Fig. 2). The spore had two
smooth symmetrical valves that were prolonged by two
fine long, opposite lateral processes (ribbon-like projec-
tions or tails) which tapered gradually towards the tips,
each one of 173.2 + 6.3 pm (n = 30) in length. Total
dimension of the tailed spore was 375.5 £ 17.1 pm (n =
15), ranking the spore as one of the largest among my-
xosporeans (Fig. 2).

Ultrastructural observations

The earliest stages observed were uninucleate cells
measuring 12.7-19.5 pm in diameter, whose nuclei
presented a prominent nucleolus. Rounded trophozoites
were both free-floating or joined to each other beads-
like, and their cytoplasm contained a variable number of
secondary cells. Neither contact with epithelial cells of
the gall bladder nor pansporoblast formation was ob-
served (Fig. 3). The cytoplasm of the primary cell con-
tained mitochondria, scattered ribosomes and several
membranous structures similar to small vesicles with a
matrix of heterogeneous content (Figs. 3, 4). Cytoplas-
mic membrane of the primary cells contained, at the
periphery, several external slender projections basally
attached to the surface. These had a uniform shape and
variable length ranging from 0.3 to 0.7 um, and were
evenly distributed throughout the plasmodia surface
(Figs. 3, 4).

Immature spores were easily identified in early
sporoblasts by their valvogenic, capsulogenic and
sporoplasmic cells (Fig. 5). Valvogenic cells, which
were joined in suture line by a continuous septate junc-
tion, occupied an external position relative to other
sporogenic cells (Figs. 5, 8, 9, 13). Their external plas-
malemma was smooth and dense and the internal one
was thin and showed an irregular outline in close con-
tact with other inner spore cells (Figs. 10, 13, 15). Dur-
ing early sporogenic phase, the valvogenic cells gradu-
ally differentiated to form two long tails surrounding the
spore body. Initially those extensions of the valvogenic
cells were dilated (Fig. 5) and later they modified to
ribbon-shaped (Figs. 8, 10, 11, 14). The cytoplasm of
the valvogenic cells in mature spores appeared to con-
tain only small vesicles (Figs. 5, 10, 11, 14).

During the early differentiation of the capsulogenic
cells, the spherical capsular primordium was prolonged
by the external tube. Before the inversion of the external
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tube, microtubules with an unusual organisation were
observed in the matrix of the capsular primordium. A
larger aggregate with hundreds of microtubules was
grouped in several bundles and these were arranged in
different orientations (Figs. 6, 7).

In mature spores the nuclei persisted until completion
of the capsulogenesis (Fig. 8) and the polar capsules had
a polar filament with a basal straight central shaft and
coils of 7 to 8 turns (Figs. 5, 8, 12). Polar capsules con-
sisted of a thin electron-dense external wall and a
thicker and lighter inner one (Figs. 12, 13). The apical
channel for the polar filament discharge showed close
contact with valves (Figs. 12, 13).

The sporoplasm was located in the posterior end of
the spore and the cytoplasm contained two nuclei close
to each other, mitochondria, ribosomes, cisternae of
endoplasmic reticulum and several sporoplasmosomes.
These spherical-shaped vesicles were membrane-
bounded and contained an electron-dense and homoge-
nous matrix (Figs. 10, 14, 15). The sporoplasm filled the
spore cavity and extended to the tails, without penetrat-
ing them (Figs. 8, 10, 15). A schematic drawing of the
spore, based on LM and TEM observations, is shown in
Fig. 16.

DISCUSSION

The ultrastructural observations of the sporogenesis
and consequently of the spores of Ceratomyxa tenui-
spora Kabata, 1960 showed several similarities to spe-
cies from the family Ceratomyxidae Doflein, 1899
(Lom and Dykova 1992). This species is ultrastructur-
ally described for the first time in the present study.

Cytoplasmic extensions of the outer plasmodial
membrane have usually been described in coelozoic
parasites of various genera found in gall bladder and
they are closely correlated with the type of nutrition
(Sitja-Bobadilla and Alvarez-Pellitero 1993b). Cerato-
myxa protopsettae trophozoites are attached to the
epithelial cells by short or long finger-like projections
(Cho et al. 2004); ramified microvillus-like projections
of different sizes were described in Zschokkella icterica
(Diamant and Paperna 1992). Long finger-like pseudo-
podial projections reaching a length of about 5 pm were
described in Zschokkella mugilis (Sitja-Bobadilla and
Alvarez-Pellitero 1993b). A similar interaction was
observed in Myxidium trachinorum, which contacts the
epithelium of the gall bladder through two to three fil-
ose processes (Canning et al. 1999). At one end of some
primary cells, rhizoid-like projections were observed in
Ceratomyxa sparusaurati (Sitja-Bobadilla et al. 1995).
Unlike in this last species, in C. tenuispora we did not
see any contact with epithelial cells of the gall bladder
and the shape and distribution of the cytoplasmic pro-
jections found in C. tenuispora show some ultrastruc-
tural differences.



Casal et al.: Ultrastructure of Ceratomyxa tenuispora

Figs. 1-5. Ceratomyxa tenuispora, DIC (Figs. 1, 2) and transmission electron micrographs (Figs. 3-5). Fig. 1. Fresh disporous
plasmodium. Fig. 2. Free mature spore showing two polar capsules (PCp) and two long tapering lateral opposite tails (T). Fig. 3.
A secondary cell (SC) with two nuclei (N) within a primary cell (PC) containing several slender projections (arrowheads). Fig. 4.
Detail of the periphery of the primary cell (PC) showing several slender projections (arrowheads). Fig. 5. Spore showing a polar
capsule (PCp) with different sections of the polar filament (arrowheads), a sporoplasm (S) and valvogenic cells (V) with the
suture line (arrows). At the periphery, several sections of tails (T) can be observed.
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Figs. 6-9. Transmission electron micrographs of Ceratomyxa tenuispora. Fig. 6. A spore showing the valves (V), several sec-
tions of their two tails (T), the capsular primordium (C) containing a well-organized cluster of microtubules (boxed area) and the
sporoplasm (S). Fig. 7. Detail of the cluster of microtubules (boxed area in Fig. 6). At the periphery, valvogenic cell (V). Fig. 8.
Longitudinal section of a spore showing one nucleus (N) of a capsulogenic cell, two polar capsules (PCp), and the binucleate
(N") sporoplasm (S). Valvogenic cells (V) are reduced to a thin layer in close contact with internal cells. Sutures (double arrows)
between the valves can be seen. Some tail sections (T) can be seen at the periphery of the spore. Fig. 9. Detail of the continuous
septate junction of the suture line.

Ultrastructural description concerning the polar cap-
sule differentiation referred to the presence of unusual
structures inside the capsular primordium, such as glob-
ule of electron-dense material (Lom 1969), concentric
structure (Lom et al. 1989) or the differentiation of the
microfilament-like structures (Casal et al. 2002). Bun-
dles of tubuli in the capsular matrix were reported in the
polar capsules of mature spores in some genera, such as
Sphaeromyxa (Lom 1969), Henneguya (Rocha et al.
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1992) and Myxobolus (Casal et al. 2002). In the cyto-
plasm of the capsulogenic cells, microtubules are regu-
larly seen around the external tube interpreted to pro-
vide the mechanic force needed for its inversion into the
capsular primordium (Current 1979). We reported the
presence of several microtubular bundles inside the
capsular matrix before the inversion of the external tube
which apparently also contributes to that.



Casal et al.: Ultrastructure of Ceratomyxa tenuispora

Figs. 10-15. Transmission electron micrographs of Ceratomyxa tenuispora. Fig. 10. Detail of valve (V), its tail (T) and the
sporoplasm (S) with a nucleus (N) and some sporoplasmosomes (Ss). Fig. 11. Sections of spore tail (T) showing an electron-
lucid matrix. Fig. 12. Longitudinal section of a polar capsule with electron-dense matrix (*), showing the polar filament sec-
tioned at different levels (arrowheads). Fig. 13. Detail of the apical region of a polar capsule showing the wall (W), the channel
for filament discharge (D), and some polar filament sections (arrowheads) within the capsular matrix (*). Externally, the valve
(V) and the suture (double arrowhead). Fig. 14. Sporoplasm showing the two nuclei (N), several sporoplasmosomes (Ss) and
several sections of the tails (T). Fig. 15. Detail of the sporoplasm showing several sporoplasmosomes (Ss), mitochondria (M) and
some cisternae of endoplasmic reticulum (arrowheads). Externally, a surrounding valve (V) can be seen.
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Fig. 16. Schematic drawing of Ceratomyxa tenuispora showing the spore morphology, with special emphasis on the two long

tapering opposite lateral tails.

Table 1. Ceratomyxa tenuispora, comparison of spore characteristics between original description of Kabata (1960) and the

present specimens (measurements in pm).

Original description

Present material

Host and organ

Aphanopus carbo, gall bladder

Geographical Scotland North Atlantic coast of Madeira Island
location (United Kingdom) (Portugal)

Spore body crescent-shaped with convex anterior end and flattened posterior end

— length 8.7 (8.4-9.8) 11.0+£0.9

— width - 12.1+£1.1

— thickness - 285+1.2

Total thickness 387 (308-504) 3755+ 17.1

Polar capsules two equal, sub-spherical to pyramidal

— length 6.4 (5.6-7.0) 52+03

— width - 41+04

Polar filament - coils of 7 to 8 turns

Sporoplasm slightly granular with vacuoles binucleate

More than 30 species of Ceratomyxa with long lat-
eral processes have been described in different hosts and
geographic areas (Sitja-Bobadilla and Alvarez-Pellitero
1993a). Ceratomyxa tenuispora is the second longest of
this Ceratomyxa spp. group. These processes have not
been ultrastructurally described except for C. labracis
(Sitja-Bobadilla and Alvarez-Pellitero 1993a), showing
similar ultrastructural aspects to those described in this
study.

Since the description of C. tenuispora based on a
drawing obtained from LM observations by Kabata
(1960) and a later report by Costa et al. (1996), no other
reports of this species have been published. The mor-
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phological and morphometrical characteristics of the
spore seem to be the same, except for total thickness,
the present specimens being somewhat smaller than C.
tenuispora studied previously (Kabata 1960, Costa et al.
1996). Also, the parasite was collected from the same
host species (Aphanopus carbo) and the same organ
(gall bladder) (Table 1).
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