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Abstract

The ultrastructure of the spermatozoon of Calliobothrium verticillatum (Cestoda, Tetraphyllidea, Oncobothriidae), parasite of
the smoothhound shark, Mustelus mustelus L. (Pisces, Carcharhiniformes), was studied by transmission electron microscopy.
This spermatozoon presents five regions characterized by several ultrastructural elements: an apical cone, a crested body, two
axonemes of 9 + “1” pattern, electron-dense granules, a nucleus and cortical microtubules. In the present study, three of these
features were the subject of a detailed attention. The first is the presence of two axonemes, which confirms that the
Tetraphyllidea, Oncobothriidae possess two axonemes whereas the Tetraphyllidea, Phyllobothriidae possess only one axoneme.
The second is the presence of one crested body, a criterion homogeneous in the Tetraphyllidea but heterogeneous among the dif-
ferent orders of Cestoda. The third is the number and the disposition of cortical microtubules. These three criteria seem to be

interesting for phylogeny.
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Introduction

For more than forty years, many studies on the ultrastructure
of the spermiogenesis and spermatozoon of parasitic worms
have been carried out. Many authors employed these criteria
of ultrastructure in phylogeny like Ehlers (1986) for the Platy-
helminthes or Brooks et al. (1985), Brooks (1989), Rohde
(1990) and Justine (1991, 1997) for the only parasitic Platy-
helminthes. Whilst the ultrastructure of spermiogenesis and
the spermatozoon is relatively homogeneous in the digenetic
trematodes, in the cestodes it is very diversified. Euzet et al.
(1981) and Ba and Marchand (1995) wrote on this complex
subject. Among the fifteen orders comporting the Cestoda
(Schmidt 1986), differences have been remarked in the sper-
matozoon like the number of crested bodies (Ba and Mar-
chand 1994a), the disposition of cortical microtubules (Ba and
Marchand 1992a, b; Eira et al. 2006) or the presence of an api-
cal cone (Ba ef al. 1991, Ba and Marchand 1994b, B4, et al.
2005). Moreover, if the axonemes are 9 + “1” pattern of
Trepaxonemata like in most other parasitic Platyhelminthes,
the number of axonemes changes according to the order or the
family. Indeed, in the Tetraphyllidea, the spermatozoon of
Phyllobothriidae species presents one axoneme, whereas the
Oncobothriidae species present two axonemes in the sperm cell
(Euzet et al. 1981). Present study concerns the ultrastructural

analysis of the spermatozoon of a Tetraphyllidaea, Onco-
bothriidae: Calliobothrium verticillatum.

Only few Tetraphyllidea have been studied at this day. In
the present work, we compare the results of our study with
those previously described in other cestodes and especially in
the Phyllobothriidae.

Materials and methods

The specimens of Calliobothrium verticillatum (Rudolphi,
1819) Beneden, 1850 were removed from the spiral valve of
Mustelus mustelus collected near Senegal coasts (Atlantic
Ocean). Then, the worms were kept active in physiological
saline solution (0.9% NaCl). Portions of strobila, made up of
mature proglottides, were quickly taken and then stretched out
with a brush soaked in cold (4°C) 2.5% glutaraldehyde buff-
ered with 0.1 M sodium cacodylate solution at pH 7.2.
Portion containing male genitalia were removed under a bin-
ocular microscope, fixed for about 24 h in glutaraldehyde,
rinsed several times in a sodium cacodylate buffer, then left
overnight in the same buffer, postfixed with cold (4°C) 1%
osmium tetroxide for 1 h, dehydrated in an ethanol series and
propylene oxide, and then embedded in Epon. Ultrathin sec-
tions (60—90 nm) were cut on an LKB 8800A Ultrotome I11.
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Figs 1-15. Mature spermatozoon of Calliobothrium verticillatum: 1. Longitudinal section of the anterior part of the spermatozoon. Scale
bar = 0.6 pm. 2. Cross-section of the apical cone. Scale bar = 0.3 pm. 3. Cross-section of the anterior part of the spermatozoon showing the
first axoneme and electron-dense granules. Scale bar = 0.2 um. 4. Cross-section of the spermatozoon in region II showing cortical micro-
tubules and the appearance of the second axoneme. Scale bar=0.2 pm. 5. Cross-section of the spermatozoon showing two axonemes and elec-
tron-dense granules. Scale bar = 0.2 um. 6. Cross-sections of several spermatozoa at the end of region II. Arrowheads indicate the electron-
dense granules. Scale bar = 0.4 um. 7. Longitudinal section of a spermatozoon in region III. This region is characterized by the presence of
the nucleus and the two axonemes. Scale bar =1 um. 8 and 9. Cross-sections of the spermatozoon in region III showing the nucleus, the two
axonemes and two rows of cortical microtubules (arrowheads). Scale bar = 0.3 pm. 10. Cross-section of the spermatozoon in region IV char-
acterized by the absence of the nucleus and the presence of the axonemes. Scale bar = 0.2 um. 11. Cross-section of the posterior part of the
spermatozoon (region V). There is only one axoneme and a row of ten cortical microtubules. Scale bar =0.2 pm. 12. Cross-section of the sper-
matozoon showing the narrowing of the plasma membrane. Scale bar = 0.2 pm. 13 and 14. Cross-sections of the spermatozoon in region V.
The ten microtubules are disposed in a semi-circle around the axoneme. Scale bar = 0.2 um. 15. Cross-section of the posterior extremity of
the spermatozoon showing some microtubules. Scale bar = 0.2 um. Abbreviations to all figures: Ac — apical cone, Ase — anterior sperma-
tozoon extremity, AX — axoneme, Ax1 —axoneme 1, Ax2 — axoneme 2, Cb — crested-like body, Cc — central core, Cm — cortical microtubules,
Cms — cortical microtubules in semi-circle, Dm — doublet of microtubules, Eg — electron-dense granules, M — microtubules, N — nucleus,
Pm — plasma membrane, Pse — posterior spermatozoon extremity
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Fig. 161-V. Diagram showing the ultrastructural organisation of the mature spermatozoon of Calliobothrium verticillatum
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They were placed on 300-mesh copper grids and stained with
uranyl acetate and lead citrate according to the method of
Reynolds (1963).

The sections were then examined under a Hitachi H-600
transmission electron microscope, operating at an accelerating
voltage of 75 kV, in the laboratory “Parasites et Ecosystémes
Meéditerranéens” at the University of Corsica (Corte, France).

Results

Observations of numerous transverse and longitudinal sec-
tions of the mature spermatozoon of Calliobothrium verticil-
latum enable us to establish five regions (I-V) with the fol-
lowing ultrastructural features

Region I (Figs 1-3, 161): This region constitutes the anterior
part of the spermatozoon. It is characterized by an apical cone
(Figs 1, 2 and 16I) and a short crested body (Figs 1 and 161)
in its anterior part. In transverse section, the apical cone is pear
shaped (Fig. 2). The crested body has been observed only in
this zone. Posteriorly, this region is characterized by the pres-
ence of the first axoneme (Figs 3 and 16I). The central core of
the axoneme appears after the nine doublets of microtubules.
In this region, a great number of electron-dense granules are
observed (Figs 1, 3 and 16I).

Region II (Figs 4-6 and 161I): The anterior part of this
region contains only the first axoneme. The second axoneme
appears posteriorly (Figs 4 and 16I1). Like in the first axo-
neme, in the second one, the nine doublets of microtubules ap-
pear before the central core. The region II is characterized by
the presence of cortical microtubules in close contact with the
plasma membrane (Figs 4 and 1611). They are disposed into
two fields separated by the two axonemes. The maximum
number of cortical microtubules is six, in the posterior part of
this region. The electron-dense granules are less numerous
than in region I (Figs 5, 6 and 16I1).

Region III (Figs 7-9 and 1611I): This region is character-
ized by the presence of the nucleus (Figs 7 and 8) and the dis-
appearance of electron-dense granules. The two axonemes
and cortical microtubules are still present (Figs 7 and 8). In
this region, the number of cortical microtubules is about 15.
They are always disposed into two fields (Fig. 9) separated by
the axonemes, which are in close contact with the plasma
membrane, and are never surrounded by cortical microtubules.

Region IV (Figs 10 and 161V): The nucleus does not ex-
tend into this region. In the anterior part of this zone there are
always about 15 cortical microtubules and the two axonemes
(Fig. 10). In the posterior part, an axoneme disappears and the
number of cortical microtubules decreases. At the end of this
region there are only ten cortical microtubules.

Region V (Figs 11-15 and 16V): This region is the poste-
rior zone of the spermatozoon. There are only one axoneme
and ten cortical microtubules. In the anterior part of this zone
the cortical microtubules are not in contact with the axoneme
(Fig. 11). Posteriorly, with the reduction of the spermatozoon

diameter, the cortical microtubules (always 10) (Fig. 12), are
arranged in a semi-circle around the last axoneme (Figs 13, 14
and 16V).

Finally, the posterior end of the spermatozoon is charac-
terized only by some microtubules (Fig. 15).

Discussion

The mature spermatozoon of Calliobothrium verticillatum pos-
sess a crested body, two axonemes, electron-dense granules,
cortical microtubules and a nucleus.

We notice the absence of mitochondria. This absence is a
characteristic of the Eucestoda and is considered as an ultra-
structural synapomorphy (Brooks 1989; Justine 1997, 1998).
Indeed one or more mitochondria are found in mature sper-
matozoon of the other Platyhelminthes (Justine 1997).

One crested body is present in the anterior part of the sper-
matozoon. This element is short and only observed at the level
of the apical cone. This element has been described in many
cestodes and is considered a synapomorphy for the Eucestoda
(Ba and Marchand 1995). It would play an important role dur-
ing the fertilisation process (Mokhtar-Maamouri 1980). The
number of crested bodies varies according to the species.
Among Pseudophyllidea, some species, Diphyllobothrium la-
tum (Levron et al. 2006a) and Bothriocephalus clavibothrium
(Swiderski and Mokhtar-Maamouri 1980), are devoid of this
element. In the same order, other species, Paraechinophallus
Jjaponicus (Levron et al. 2006b), Bothriocephalus scorpii (Le-
vron et al. 2006¢), Eubothrium crassum (Brunanska et al.
2002), Duthiersia fimbriata (Justine 1986) and Triaenopho-
rus nodulosus (Levron et al. 2005), possess only one crested
body. This variability is also observed in the Proteocephalidea
where Corallobothrium solidum (Brunanska et al. 2004) and
Sandonella sandoni (Ba and Marchand 1994c¢) possess only
one crested body whereas Nomimoscolex sp. (Séne et al.
1997) possess 3 of these elements. But, the greatest variabili-
ty of that criterion is observed among the Cyclophyllidea
where the number of crested bodies varies from one, e.g.
Skrjabinoporus merops (Yoneva et al. 2006, Dipylidiidae
(Miquel et al. 2005), Dipylidium caninum (Miquel and Mar-
chand 1997), to twelve in Hymenolepis nana (Ba and Marchand
1992a). To our knowledge, in the Tetraphyllidea, C. verticil-
latum is the eighth studied species and all of them possess
only one crested body (Table I). If this criterion appears ho-
mogeneous in this order, the number of axonemes shows more
variations.

The spermatozoon of C. verticillatum presents two axo-
nemes of the 9 + “1” pattern of the Trepaxonemata (Ehlers
1984). The order of Tetraphyllidea has the particularity to pos-
sess some species with one axoneme and other with two axo-
nemes (Table I). The Oncobothriidae and the Triloculariidae
present two axonemes and the Phyllobothriidae only one.
Euzet et al. (1981) proposed a classification of cestode sper-
matozoa based on the number of axonemes. According to
them, the presence of a single axoneme would be an evolved
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Table I. Comparison of some characters present in the spermatozoon of Tetraphyllidea

Taxon Cb Ax Cms References

Oncobothriidae

Acantobothrium filicolle var. filicolle 1 2 + Mokhtar-Maamouri (1982)
Acantobothrium filicolle benedenii 1 2 + Mokhtar-Maamouri and Swiderski (1975)
Calliobothrium verticillatum 1 2 + present study )
Onchobothrium uncinatum 1 2 + Mokhtar-Maamouri and Swiderski (1975)
Phyllobothriidae

Phyllobothrium gracile 1 + Mokhtar-Maamouri (1979)
Pseudanthobothrium hanseni 1 1 + MacKinnon and Burt (1984)
Echeneibothrium beauchampi 1 + Mokhtar-Maamouri and Swiderski (1976)
Triloculariidae

Trilocularia acanthiaevulgaris 1 2 + Mahendrasingam et al. (1989)

Ax — number of axonemes, Cb — number of crested bodies, Cms — 10 cortical microtubules disposed in semi-circle around the axoneme,

+ — presence.

character. In this case, the Cyclophyllidea, always presenting
one axoneme, would be related to the Tetraphyllidea.

We notice the presence of electron-dense granules in the
anterior part of the spermatozoon. These granules could be
glycogen reserves. The position of these granules into the
spermatozoon varies according to the species of Cestoda (Swi-
derski and Mackiewicz 2002).

Other ultrastructural elements present in this spermato-
zoon are the cortical microtubules. The reconstruction of the
spermatozoon is principally based on these elements. Absent
in the anterior part of the spermatozoon (region I), their num-
ber increases until the nuclear region (region III). The maxi-
mum number of cortical microtubules is 15. In this region they
are arranged in two rows located between the two axonemes.
Similar maximum number and disposition of cortical micro-
tubules are found in other Tetraphyllidea, Oncobothriidae:
Acanthobothrium filicolle var. filicolle (Mokhtar-Maamouri
1982), Acanthobothrium filicolle benedenii (Mokhtar-Maam-
ouri and Swiderski 1975). This maximum number is lower
than that of the majority of Digenea and polyopisthocotylean
Monogenea. For these groups, this number is about 40 longi-
tudinal microtubules spaced regularly at the periphery (Justine
1991). Moreover, these microtubules are not spiralled as in
Cyclophyllidea (Justine 1991; B4 and Marchand 1992a, b;
Miquel et al. 1999; Ba et al. 2000, 2002, 2005). An other ultra-
structural particularity is the presence of 10 cortical micro-
tubules disposed in semi-circle around the axoneme in the
region V. This observation was made in all the Tetraphyllidea
(Table I). Swiderski and Mokhtar-Maamouri (1980), notice
that the spermatozoon of Bothriocephalus clavibothrium
(Pseudophyllidea) differs of those of Tetraphyllidea, Onco-
bothriidae by the absence of this semi-circle of 10 micro-
tubules around the axoneme. We notice that this structure is
also found in Nomimoscolex sp. (Séne et al. 1997), a Proteo-
cephalidea, who is a phylogenetically close group of Tetra-
phyllidea. This structure shows that cortical microtubules are
interesting for phylogeny.
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