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Electron Microscopical Study of Spermatozoa of the Cestode Dilepis undula (Cyclophyllidea, Dilepididae). Swid-
erski Z., Salamatin R. V., Tkach V. V. — The fine structure of spermatozoon of the dilepidid cestode Dilepis
undula is described. The main structural elements of the sperm cell are: 1) plasma membrane and underlying
single row of cortical microtubules; 2) a single axoneme of the unique platyhelminth 9+"1" type;
3) periaxonemal sheath composed of the crystalline-like material; 4) elongated electron-dense nucleus;
5) crested body. The similarities and differences between the ultrastructure of spermatozoa of D. undula and
that of some other cestodes, are briefly discussed.
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DJIeKTPOHHO-MHKPOCKONMYECKOe WccienoBanne crnepmaro3ounos uecronasl Dilepis undula (Cyclophyllidea,
Dilepididae). Csupepckmii 3., Canamatun P. B., Tkay B. B. — OmnucaHo TOHKOe CTpoeHHE CIIepMaTO30UI0B
Dilepis undula. OCHOBHBIMM CTPYKTYPHBIMU 3JIEMEHTaAMU CIlepMaTo3oMaa SIBISIOTCS: 1) Ima3maruyeckast
MeMOpaHa C MOIeXAIlUM OTHUM DPSIIOM KOPTHUKAJIbHBIX MUKPOTPYOOUeK; 2) eAMHCTBEHHAs] aKCOHeMa, YCT-
poeHHass mo TuUmy 9+'17, YHUKAJIbHOMY JUISl TUIOCKMX YepBeid; 3) LWJIMHAPUYECKUN MepUaKCOHEeMalbHbIN
“GyTas1p”, 00pasoBaHHBIN M3 KPUCTAIIONOIO0OHOTO MaTepuraa; 4) yIIMHEHHOE 3JeKTPOHHO-TUIOTHOE SIAPO U
5) rpebHeBuaHOE Teao. KpaTko 0OCyXIeHbI CXOACTBA M PAa3jIMUMs B CTPYKTYpe CriepMaTto3ounoB y D. undula
M HEKOTOPBIX IPYTUX LIECTO.

KnoueBbie cioBa: ciepMaro3ouabl, yabTpactpyktypa, Cestoda, Dilepididae, Dilepis undula.

Inroduction

Ultrastructural characteristics of spermatozoa provide important criteria for the systematics and analysis of the
phylogenetic relationships among cestodes (Swiderski, 1968, 1970; Euzet et al., 1981; Justine, 1991, 1995, 1998; Ba,
Marchand, 1995).

Up to now, data on the spermatozoa ultrastructure of about 70 cestode species belonging to all 12 recognised
orders of Eucestoda, are available in the literature (see Justine, 1991, 1998; Ba, Marchand, 1995). For more detailed
analysis, however, spermatozoa of more cestode taxa should be studied. According to our knowledge, ultrastructure
of spermatozoa of only one dilepidid species, Molluscotaenia crassiscolex, has been examined so far (Swiderski,
Tkach, 1996). Miquel and Marchand (1997) in their paper on the spermatozoa of Dipylidium caninum noted that it
was the first study on the representative of Dilepididaec. However, in their later paper (Miquel, Marchand, 1998) the
authors corrected this systematic allocation of D. caninum which, according to the widely accepted classification
(Jones, 1994), belongs to the family Dipylidiidae. The aim of the present study is to describe the fine structure of
spermatozoon of the cestode Dilepis undula which is a characteristic representative of the family Dilepididae and a
type species of the genus Dilepis.

Material and methods

Adult specimens of Dilepis undula (Schrank, 1788), containing mature and pregravid proglottids, were removed
from the intestine of a fieldfare (7Turdus pilaris), from the vicinity of Kyiv, Ukraine. The proglottids were quickly
rinsed in saline, cut into small pieces and fixed in 4% glutaraldehyde in sodium cacodylate buffer (pH 7.4). After
washing in the same buffer and postfixation for 2 h in 1% OsO,, they were dehydrated in an ethanol series, infil-
trated with propylene oxide and embedded in Spurr's resin. Ultrathin sections, mounted on uncoated copper grids,
double stained with lead citrate and uranyl acetate, were examined under a JEM-1200EX electron microscope oper-
ated at an accelerateing voltage of 80 kV.
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Results

Mature spermatozoa of D. undula are strongly elongated, filiform cells, tapered at both
extremities and lacking mitochondria. They measure about 300—350 um in length and their
maximum diameter, in the nucleus containing region, is 0,5—0,6 um.
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Fig. 1. Diagram and corresponding reconstruction of the spermatozoon of D. undula from the representative cross-
sections of consecutive regions along longitudinal axis of sperm body.

Abbreviations to all figures: Ax — axoneme; ¢ — core; Cb — crested body; cm — central matrix; CU — central core
unit of the axoneme; cx — cortex; DA — dynein arms; DPT — double peripheral tubules; M — plasma membrane;
Mt — microtubules; N — nucleus; P — periaxonemal sheath; s — spokes; sf A — subfiber A or tubule A; sf B — subfi-
ber B or tubule B.

Puc. 1. [luarpamma ¥ COOTBETCTBYIOIIasi PEKOHCTPYKIMS criepMaTtozouna D. undula, coctaBieHHas U3 TIOTIEPEYHBIX
CpE30B YUaCTKOB, TIOCTIEIOBATEIbHO PACTIONIOXKEHHBIX BIOJIb MPOIOIBHON OCH CIIEPMAaTO30Ma.

CoxkpallleHusT KO BCeM WJUTIOCTpAIUsIM: AX — aKCOHEMa; ¢ — IIeHTPAIbHBIN 3JIeKTPOHHO-TUIOTHBIN LIUJIUHIAP CepIle-
BUHHOI 4actu akcoHeMbl; Cb — rpeOHeBUaHOE Teno; cm — UeHTpaibHbIii MaTpukc, CU — cepaueBUHHAs 4acTb
aKCOHEMBI; cx — kopTekc; DA — muHemHOBBIe BbipocThl; DPT — nBoitHbIe mepudepuueckue MUKPOTPYOOUKH (Iy0-
JieTsl); M — mmasmarudeckas MemOpaHa,; Mt — KopTuKaibHble MUKPOTPYOOouku; N — sipo; P — nmmuHapuyeckuii
TiepruakCOHeMAaTbHBIN “hyTsip”; s — “crmipl”’; coeauHsIoNmMe neprudeprudeckrue My0aeThl ¢ CepaleBUHHON YacThIO
akcoHeMbl; sf A — MukpoTpybouka “A” B nyonete; sf B — mukporpybouka “B” B myonere.
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Fig. 2. A three-dimentional diagram of the nucleus containing part of the spermatozoon. Note a complex structure of
the 9+”1” axoneme of platyhelmynth type.

Puc. 2. TpexMepHast nuarpamma siIpOCOIEPKALIEro yyacTKa CliepMaTo3ouia. BaXXHO OTMETUTb CIIOXHYIO CTPYKTYpPY
AaKCOHEMBI, YCTPOEHHOI1 1o Ty 9+”17, XapakTepHOMY ISl TDIOCKUX YEPBEid.

Main structural components of the sperm cell are: (1) plasma membrane and underlying
single row of cortical microtubules; (2) a single axoneme of the unique platyhelminth 9+"1”
type; (3) periaxonemal sheath composed of the crystalline-like material; (4) elongated elec-
tron-dense nucleus; (5) crested body (Mokhtar-Maamouri, Swiderski, 1975).

Smooth plasma membrane is of uniform thickness. Cortical microtubules, situated under
the plasma membrane (figs 2, 6, 7) are spiralled at variable angle (between 35—45°) to the
spermatozoon axis.

The axoneme is 0.15—0.18 pm in diameter (figs 6, 7). It contains a central core unit
(0.05—0.06 pm) and nine peripheral doublets of microtubules (figs 1, 2, 6). The central core
unit consists of an electron-dense core and two cylindrical areas around it composed of: (a)
an electron-lucent matrix, and (b) an electron-dense cortex. The peripheral doublet unit of
axoneme is composed of: (1) subfiber A or tubule A connected by spoke with the central
region through an electron-dense region which partially occlude the lumen of the tubule A;
(2) two dyneine arms attached to tubule A; and (3) subfiber B or tubule B (figs 1, 2, 6). The
spokes connecting the peripheral doublets with the central region, sometimes appear on the
cross-section with different prominence, which confirms their helical arrangement around
the central core unit. The periaxonemal sheath has striated appearance on the sections. It is
composed of crystalline-like material and consists of moderately electron-dense radial rods
separated by electron-lucent spaces of the same thickness (figs 3—6). Numerous granules of
moderately electron-dense material occur in the middle and posterior regions of the sper-
matozoa.

An electron-dense elongated nucleus forming a loose spiral around the axoneme (figs 1,
3, 5), is changing its shape and thickness, when observed on cross-sections at different levels.
It begins as a cylindrical structure, initially round on cross-sections, and progressively flattens
towards the posterior end, becoming crescent-shaped on the cross-sections (fig. 2). The pe-
riodicity of the nuclear spiral varies along the nucleus length. The nucleus occupies relatively
short part of the spermatozoon length. Externally, the spermatozoon shows near its anterior
end a single, short, helical crested body, associated with cortical microtubules.

Cross-sections through the spermatozoon, near its anterior and posterior tips, are much
smaller in diameter and contain only the axoneme surrounded by the plasma membrane

(fig. 1).
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Figs 3—7. Details of supermatozoal ultrastructure. Figs 3—5: oblique sections through the nuclear part showing arrange-
ment of microtubiules at different angles to the axoneme, spiral pattern of nucleus and periaxonemal sheath composed
of the crystalline-like material. Figs 6—7: cross-sections through the anuclear parts. Note: a single row of cortical micro-
tubules and striated appearance of the periaxonemal sheath.

Puc. 3—7. Jletanu yabTpacTpyKTyphl criepMaro3onaa. Puc. 3—35: cpessl yepe3 simpoCOomepXallylo 4acTh, IEMOHCTPHU-
pYIOLIMe PACHONOKEHNEe MUKPOTPYOOUEK MO Pa3IMYHBIM YIJIOM K aKCOHEeMe, CIUpajibHyio (hopMy siapa, a Takxke
MePUaKCOHEMATBHBIN “DYTIsap”, COCTOSIIMI M3 KPUCTA/LUIONOIOOHOTO BellecTBa. Puc. 6—7: morepevHble cpe3bl yepes
0e3bsIEPHYIO YacTb. BaskHO OTMETUTh HAMUYKE OIHOIO Psiia KOPTUKAIBHBIX MUKPOTPYOOUYEK U MCUCPUCHHOCTD MepH-
aKCOHEMaJIbHOro “dymispa”.

Discussion

An apical cone and a posterior electron-dense material, described in spermatozoa of
some other cyclophyllidean cestodes (Justine, 1998; Miquel, Marchand, 1998), were not ob-
served in two dilepidids examined so far (Swiderski, Tkach, 1996; present study); in both
cases the fully mature spermatozoa stored in the seminal receptacle, were studied.

In D. undula, only one crested body was observed, while 1 to 6 crest-like bodies were
reported in other cestodes (for references see Miquel, Marchand, 1997, 1998). The main
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difference between two dilepidids, examined so far, is the presence of the periaxonemal
sheath in D. undula (present study) and its absence in Molluscotaenia crassiscolex (Swiderski,
Tkach, 1996).

The fine structure of the spermatozoon of D. undula is similar to that described in other
cyclophyllideans (Swiderski, 1970; Euzet et al., 1981; Justine, 1991, 1995, 1998; Ba, Mar-
chand, 1995) and is characterised by the presence of a single axoneme. This type of the
spermatozoon organisation is observed in the evolutionary more advanced groups of cesto-
des. It represents probably a result of the secondary reduction in the number of axonemes
from the ancestral 2-axoneme type which is observed in more primitive Pseudophyllidea,
Tetrarhynchidea and Proteocephalidea (Euzet et al., 1981).
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