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Abstract: Sperm ultrastructure of the freshwater turtle Mawremys caspica (M. caspica) has
not vet been published. Therefore, the present study was carried out to elucidate the
ultrastructural details of the sperm of this species. The spermatozoa of M. caspica are
filiform in shape with a curved head measuring 7.9 pm. Acrosome complex (acrosomal cap
and subacrosomal material) measures 3.7 um, nucleus is 6.5 um (2.3 um acrosomal region,
4.2 um post-acrosomal region) in length and midpiece and tail (principal and end pieces) are
maximally of 4.2 pum and 35.8-38.6 pm length, successively. Diameter of the different tail
pieces is gradually diminished from midpiece (1.2 pm) toward principal (0.5 pm) and end
(0.3 pm) pieces. The anterior tapered muclear tip is caped with the conical sheath formed by
the acrosome and the subacrosomal material. Endonuclear canals (2-3) extend from the
nuclear rostrum deep into the nucleus. Midpiece encompasses a mitochondrial sheath (total
of 40 mitochondria) encircling the axonemal complex but lacks a fibrous sheath.
Mitochondria are rounded having concentric cristae and central dense bodies. Annulus is
present as a dense ring marking the distal end of midpiece. The principal tail piece consists
of a typical axoneme (9+2 pattern of microtubular arrangement) surrounded by the fibrous
sheath and plasma membrane. The axoneme is surrounded only by the plasma membrane in
the end piece which lacks the fibrous sheath. The present findings were discussed and
compared with that reported in other reptilian species.
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INTRODUCTION

Spermatogenesis and spermiogencsis were extensively investigated in mammalian species.
Spermiogenesis and sperm ultrastructure of reptiles have relatively received a limited attention. Many
reptile families including turtle species still await adequate description.

Ultrastructure of spermiogenesis and mature sperm of turtle species was the focus of some
previous studies (Yasuzumi and Yasuda, 1968, Upadhyay and Guraya, 1970; Callard ez af., 1976;
Mahmoud et al., 1985; Sprando and Russell, 1988; Hale ef af., 1989; Hess ef al., 1991).

Our previous reports (Al-Dokhi and Al-Wasel, 2001a, b; 2002) were the first to describe the
process of sparmiogenesis in the fresh water turtle Mawremys caspica (M. caspica). We are not aware
of any study describing the ultrastructure of Af. easpica mature spermatozoon. Hence, the present
study was undertaken to elucidate the ultrastructural morpholoyy of the mature sperm of this turtle
species. The morphological comparative aspects that characterize spermiogenesis of M. caspica from
other reptiles are also indicated.

Corresponding Author: Dr. 0.A. Al-Dokhi, Department of Zoology, College of Science, King Saud University,
P.O. Box 2455, Riyadh 11451, Saudi Arabia Tel: 009661-4675923 Fax: 009661-4678514
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MATERIALS AND METHODS

Ten adult males of the freshwater turtle M. caspica were collected during the period of sexual
activity (April-June, ----- ), from Al-Hassa Qasis (25 30° N, 49 40” E), east province of Saudi Arabia.
After dissection, the testes were removed, diced into small pieces then immediately fixed in
Karnovsky’s fixative (Karnovsky, 1965) in 0.1 M sodium cacodylate buffer (pH 7.2) for atleast4 h
at 4°C. Tissues were then washed in the same buffer and subsequently post-fixed in 2% osmium
tetroxide in 0.1 M sodium cacodylate buffer (pH 7.2) for 2 h. This was followed by dehydration,
clearing and then embedding in Agar100 epoxy resin. Ultrathin sections were double stained by uranyl
acetate and lead citrate and examined in a transmission electron microscope (JEQL 100 CX) operating
at 60-80 kV.

RESULTS

Spermatozoa of M. caspica are filiform (Fig. 1A and B) and approximately of 50 um {mean of
ten) length. Head is curved and measures 7.9 um. The acrosome complex is 3.7 um long, nucleus
is 6.5 pminlength (2.3 um acrosomal region, 4.2 pm post-acrosomal region) and midpiece is of 4.2 pm
lenghth. Flagellum behind the midpiece (from light microscopy) measures 35.8-38.60 pm. The
spermatozoon is circular in ¢ross section throughout its length with a maximum diameter, at the
midpiece of approximately 1.2 um. Diameters of principal piece and midpiece approximate 0.5 and
0.3 um, successively.

Acrosomal Complex

The acrosomal complex is located in the anterior most region of the head, it consists of a comical
elongated membrane-bound vesicle. The acrosome is curved and envelops the tapered anterior end of
the mucleus (Fig. 2A and B). The acrosomal vesicle has a homogeneous and moderately opaque matrix
(Fig. 3). The base of the acrosomal complex rests on a widening region of the nucleus as distinct
shoulder-like shape. The subacrosomal cone is a thin electronlucent layer underlying the acrosome and
investing the tapered anterior end of the nucleus. The subacrosomal cone lacks a membrane of its own
forming a thick relatively pale layer. The acrosome is circular at its base and becomes increasingly
depressed in transverse section near the apical tip (Fig. 4A-F).

Nucleus

Nucleus is elongate, slightly curved and circular in cross section. It tapers to a point anteriorly
within the acrosomal complex (Fig. 5A and B). Two to three narrow endonuclear canals are present,
they are twisted helically around each other and lined by the nuclear envelope (Fig. 6). The chromatin
is condensed and highly electron dense and is invested by nuclear and plasma membrane. The cross
section of the nucleus is circular throughout. Basely the nucleus has a compact shallow depression, the
nuclear fossa that houses the proximal centriole (Fig. 7).

Neck Region and Centrioles

The neck region connects the tail with the sperm head. The neck region is the junction between
the nucleus and the midpiece; it contains the proximal centriole, which consists of nine triplets with
two central singlets. This region consists of two centrioles and an extensive deposit of pericentriolar
material. The proximal centriole is positioned centrally, parallel to the base of the nucleus. The distal
centriole constitutes the basal body of the axoneme. The long axis of the distal centriole, which forms
the basal body of the flagellum, is in the long axis of the axoneme. The distal centriole lies
perpendicular to the proximal centriole. An extensive deposit of perinuclear material extends from the
nuclear fossa to cover the proximal centriole.
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Fig. 1: &) Lightmicrograph dernonstrating M. caspica mature epididymal sperm Note the curved
head () and the noticeably long tail (T). H and E stam Scale bar = 20 pm. B)
Transrission electron micrograph revealing the filiform shape of M. axspica mature
epididymal spermnatozoon. Head ) 15 curved and tapered anteriorly. The tail (T)
{midpiece and part of principal piece) is seen extending from the posterior nuclear
extremity. Scale bar=3 um

Fig 2: A) Acrosorral cotrplex at the anterior head region. The acrosotne is curved and envelops
the tapered nueclear rostrum (acrosomal region, AR) and the rest of the nucleus Q7) has no
acrosornal envelope (postacroscrmnal region, FR) Scale bar = 2 pum B) The junction
between the acrosomal and postacrosomal regions at the nuclear shelf (M3} in the
epididyrnal sperm of M. caspica Arrow indicates an endotuclear canal runing into the
mucleus (M) Scale bar =0.3 pm
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Fig. 3. Acrosomnal cormplex (AC) containing a homogencus matrix of a moderate electron density.
Acrosome forms a cap over the nucleus (1) Thin arrows indicate the lateral anms of the
acrozornal vesicle which terminally rest on the rmclear shelf (M2). MNote the endoruclear
canal (thick arrcwr). Subacrosornal space (35) Bcale bar =02 pm
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Fig 4: Ay A longitudinal section through the anterior head region of M. caspica mature sperm.
Note the acrosomal complex (AC), subacrosomal space (35), nuclear prolongate fP),
nuclens () and nuclear shelf (N2 Arrow indicates the endonuclear canals. Scale bar =
0.5 pm. B-F) Transeverse sections through the acrosomal complex and nuclens. Wote the

double tmny electron lucent spots in each transewerse section which represent the
endoruclear canals. Bcale bar=005 pum

Al
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Fig 5 &) Nucleus () is tapered anteriorly within the acrosomal complex to form the nuclear
prolongate p) Scale bar = 0.5 pm B) Nuclear prolongate @p) is extended into the
acrosomal corrplex (AC) Note the successive membranes ensheathing the nuclear
prolongate (from cutside to inside): (1) Plasma mermbrane, (2) Outer acrosomal membrane,
(3) Inner acrosomnal mermbrane, (43 Nuclear membrane. MNote the maclear canal (0 and
the subacrosornal space (33, Scale bar=01 pm

Fig. 6 Diagrammatic representation of the endomuclear canal @) extending from the
subacroscmal space (3) and directed posteriorly deep mto the nucleus (7). 1plasma
merrbrane, (2) Acrosorme, (3) Muclear prolongate, (6) Muclear shelf
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Fig. 7: Nuclear fossa (arrow) appears as a shallow depression at the base of the nucleus (N). Proximal
part of the midpiece (Mp). Scale bar= 1 um

Midpiece

Midpiece consists of the neck region and the axoneme, surrounded by the mitochondria which
are arranged in eight rows of five crowns, in a total of 40 mitochondria (Fig. 8 and 9). It is much shorter
than the head and terminates posteriorly at a distinct annulus.

The flagellum is formed by the axoneme, extending throughout the remaining length of the
spermatozoon. It is organized in the usual 9+2 microtubules pattern, surrounded by the peripheral
fibers.

At the distal extremity of the midpiece, a small dense ring, the anmulus, with circular to oval shape
in cross section, define the terminus of the midpiece. Itis closely applied to the inner surface of the
plasma membrane.

Principal Piece

The initial portion of the principal piece can be identified by a reduction in the diameter of the
spermatozoon. It begins immediately behind the annulus, This is the longest portion of the flagellum,
consisting of the axoneme surrounded by the fibrous sheath, cytoplasm and plasma membrane
(Fig. 10A and B). In this region the axoneme presents the 9+2 microtubules pattern. The diameter of
the principal piece is gradually diminishes, as a result of decreasing cytoplasm between the fibrous
sheath and the plasma membrane and a reduction in the width of the fibrous sheath.

End Piece

The axoneme extends behind the fibrous sheath as an end piece. The end piece is referred to
the very slender tail of the spermatozoon. It consists of the axoneme and the plasma membrane
(Fig. 11 A and B). The fibrous sheath is, by definition, absent from the end piece. The pattern of the
microtubules is maintained although their diameter is very reduced.

Basing on the aforementioned data, complete schematic diagramm of M caspice mature
spermatozoon was visualized (Fig. 12).
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Fig &: &) Longitudinal section through the midpiece of M. caspicar epididymal sperm Midpiece
encornpasses the axoneme which 1z ensheathed by mitochondria Q1) Principal piece (FE).
Bcale bar = 1 pm. B) Transeverse section through the prozimal portion of midpiece. Five
ritochondria (1-5) in each crown encircle the axoneme (A Scale bar = 01 pum. C)
Transeverse section through the most distal portion of midpiece at the level of the anmuilus
(A which encicle the axonemne (A3, Scale bar = 0.1 pm. D) Higher magnification of a
rounded mitochondrion in the midpiece showing the concentric cristae ©r) {amellated
appearance). Note the mtrarnitochondrial central dense matertal va). Scalebar=0.1 pm

Fig 9: A) Diagrarrrratic representation of a lengitudinal section in the midpiece. Note the eight
raws  of mitochondria @) (1) Plasma membrane, (2)  Centriole, (3)
Axonemne, (5) Cytoplasmic droplet and (6) Terrinal ring (annulus) B) Diagramrmatic
representation of a transverse section in the rdpiece Note the five mitochondria (4)
ensheathingthe axoneme (3) in each crown. (1) Plasma membrane and (5) Cytoplasmic
droplet. C) Diagramrmatic representation of a transverse section in the most distal part of

the midpiece The dense terminal ring (annulus) (8) defines the terminus of the midpiece
and encricling the axonermne (3)
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Fig 10: A) A longitudinal section through the principal piece of the mature epididymal sperm.
Principal piece consists of axoneme which tvolves central microtubules (3) and peripheral
microtubules (4. The fibrous sheath (2) and plasma membrane (1) surround the axoneme,
Sealebar =01 um B) A transerverse section in the principal plece. The axoneme consists
of two central singlets (33 and nine peripheral doublets (4) ($+2 pattern). Fibrous sheath
2y and plasma rerrbrane (1) surround the agonernal structure. Scale bar= 01 pm

11a

Fig 11: A) A longitudinal section through the terminal part of the principal piece (PP and
prazimal part of the end piece (EP) indicated by the arrow. (1) plasma membrane, (2)
tibrous sheath, (3) central microtubules and @) peripheral microtubules. Scale bar = 0.1
prm By A transerverse section in the end piece consisting of the axoneme (central
microtubules, 3 and peripheral ruicrotubules, 43 and surrounded only the plasma mermbrane
1) Bcalebar=0.1 pm
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Fig. 12: Diagrammatic representation of the general ultrastrueture of L. caspice mature spermatozoon

DISCUSSION

Mature spermatozoa of the turtle A2 caspica are filiform in shape with a ewrved head. Conforming
with the general sperm head features of turtles (Furieri, 1970; Hess et «l., 1991; Jamieson, 1995),
M. caspica spenn head exhibites a pointed form of acrosome, subacrosomal cone and a taperred nueclear
tip of a eylindroid elongate mucleus, which lies mostly within this cone. The head of mature sperm of
M. caspice is typieally eylindrical in shape as evidenced by the regular rounded appearance of the
transverse successive sections. This sperm head configuration is exhibited by some reptile species,
such as the lizard Lacerta vivipara (Courtens and Depeiges, 1983), the snake Boiga irregudlaris
{Oliver et al., 1996) and the Australian sphenodon, Sphenadon punctatiis (Healy and Jamieson, 1994).
Also, flattening and attenuation of the terminal part of the sperm head is a feature of some other
reptilian species, including the lizard Progeona barbate and Fararmus gorddis (Oliver et al., 1996) and
the seincus Nungura spinose (Jamieson and Scheltinga, 1993). Nucleus in the sperm head is
elongate and bent towards its anterior end to assume a similar nuclear shape to that reported in
the lizard Lacerta tasrca (Butler and Gabri, 1984), the scineus Sciicis mitramis (Al-Dokhi, 1996),
Agama sinsita (Ismail and Dehlawi, 1994), the crocodile Cracodyiics johnstoni (Jamieson et af., 1997)
and the Australian sphenodon 5. piictatis (Healy and Jamieson, 1994). The rounded nuclear shoulders
and the paracrystalline substructure of the subacrosomal cone which are basic features of squamates
sperm head (Oliver et al., 1996) are lacking in AL, caspica sperm.

Similar to Chelonic species, erocodilians and squamates (Jamieson et al., 1997), nueleus of
M. caspica spermn is noticeably elongate. Endonuclear canals in M. caspica sperm originate near the area
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separating the acrosome and nucleus and extend posteriorly deep in the nucleus. Like other turtles and
also sphendon (Healy and Jamieson, 1992, 1994; Jamieson and Healy, 1992; Jamieson, 1995) the
endomuclear canals of M. caspica sperm form a loose spiral around each other. Such enonuclear canals
are missing in squarnates (lizards and snakes) sperm (Healy and Jamieson, 1994; Oliver e al., 1996).
However, its existence was reported in certain reptiles, such as Pseudomys scripta, Caiman
crocodylus, C. johnstoni and S. puncratus (Saita ef af., 1987, Sprando and Russel, 1988; Healy and
Jamieson, 1994; Jamicson et afl., 1997). Endonuclear canals in M. caspica mature sperm are multiple
(2-3 in number) resembling those in some other reptilian species, e.g., Crocodyius johnstoni
(Jamieson et al., 1997). On the contrary, a single endonuclear canal was reported by the latter authors
in C. crocodylus sperm and moreover a single endonuclear canal appears to be a basic feature of
amniotes sperm (Jamieson, 1995). The present variation in number of endonuclear canals from sperm
to another is probably related to the plan of section through the sperm head. The function of the
endonuclear canals is not well-identified, however it is supposed that it has a supporting role for the
sperm mucleus which is noticeably long in M. caspica sperm. Also, endonuclear canals probably
contain a putative perforatorial material (Jamicson ef af., 1997).

Tail of M. caspica mature sperm is over 40 pm in length and considered comparatively long.
Concerning the different tail components of M. caspica sperm, midpiece exhibits no dense bodies
inbetween its motochondria, these intermitochondrial dense structures were described in some other
species (Jarmieson and Scheltinga, 1993; Oliver ef al., 1996). However, only intramitochondrial dense
structures, representing matrical densities, do exist and bear similarity to that observed in C. johnstoni
sperm (Jamieson ef af., 1997). We have managed to determine the total number of mitochondria in the
midpiece of M. caspica sperm through observation of a large number of transverse and longitudinal
sections of this tail piece. Multiplying the maximum number of mitochondria in transverse sections
by the maximum number of mitochondrial rays appears in longitudinal sections led us to
conclude that M. caspica mature sperm possesses 40 (5x8) mitochondria. As the case in other turtles
(Furieri, 1970; Healy and Jamieson, 1992) mitochondria in midpiece of M. caspica mature
spermatozoon assume a peculair morphology judged by its rounded profiles, the concentric cristac
(lammellated appeaance) and the central intramitochondrial structures. This characteristic mitochondrial
morphology appears to exist only in a few reptilian species, such as the Australian sphenedon
S. punctarus (Healy and Jamieson, 1994) and the crocodile C. johnstoni (Jamieson ef al., 1997).
Additionally, arrangement pattern of mitochondrial cristae is regarded as a differential criterion for
mature sperms, for instance that of squamates sperms are linear (Oliver et al., 1996).

As the condition in other turtles (Jamieson ef al., 1997), fibrous sheath is absent in the midpiece
of M. caspica mature sperm and its existence is only confined to the principal piece. Extension of the
fibrous sheath through both midpiece and principal piece of mature sperm tail was reported in
squamates (Healy and Jamieson, 1992; Jamieson and Scheltinga, 1993, Oliver ef af., 1996). This fibrous
sheath extension in squamates sperms was considered as the most significant criterion differentiating
squamates from other reptilian species (Oliver ef af., 1996). We suggest that annulus (terrminal ring)
is responsible for formation of the fibrous sheath material in M. caspica mature sperm. This suggestion
is supported by two observations, the first is the location of the proximal end of the fibrous sheath
in a close proximity to the annulus site. The second is the presence of a fine dense filament connecting
the annulus to the fibrous sheath which probably indicate that the latter is an accumulation of products
produced by the armulus.

Principal and end tail pieces of M. caspica mature sperm follow the typical structure reported
in other turtles and also squamates (Jamieson and Scheltinga, 1993; Jamieson, 1995; Jamieson ef al.,
1997). The principal piece is built-up of a 9+2 axoneme surrounded by a fibrous sheath and plasma
membrane and extended as the end piece which lacks the fibrous sheath.
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