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ABSTRACT

This paper focuses on the fine structure of mother sporocysts, the least studied stage of the digenean life cycle. The 
ultrastructure of the tegument of mature mother sporocysts of Bunocotyle progenetica was examined by trans-
mission electron microscopy and described in detail. The tegument of these parthenitae is represented by an outer 
anucleate syncytium connected with the deeper-lying tegumental cells by cytoplasmic bridges. Its outer plasma 
membrane forms minute leaf-like outgrowths and numerous deep invaginations in the shape of interconnected 
channels. These channels, which pass in various directions and permeate almost the entire outer syncytium, con-
siderably amplify its surface area. The cytoplasm of the outer layer of the tegument contains large mitochondria, 
microtubules and rare dense secretory granules, whose contents are discharged into the lumen of the channels. 
Numerous pinocytotic vesicles originate from the plasma membrane of the channels. Small endocytic vesicles are 
transported along the cytoplasmic bridges to the tegumental cells, where endocytosed food material is sorted and 
broken down. These cells are characterized by a well-developed Golgi apparatus, which is represented by multiple 
stacks of cisternae, and the presence of numerous endosomes at different maturation stages and residual bodies. 
Some steps of endosomal maturation in the tegumental cells were traced. In addition to their digestive activity, 
tegumental cells produce secretory granules, which are transported to the outer syncytium after their maturation. 
It was shown for the first time that in mature parthenitae, the population of tegumental cells could be renewed 
at the expense of a reserve pool of undifferentiated cells. The ultrastructural features of the tegument of mother 
sporocysts of B. progenetica are discussed in light of the concept of the enhanced trophic function of the tegument 
in sporocysts lacking the alimentary canal.
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РЕЗЮМЕ

Данная работа посвящена исследованию тонкой организации материнских спороцист – наименее изу-
ченной стадии жизненного цикла дигеней. В ней подробно описана ультраструктура покровов зрелых 
материнских спороцист Bunocotyle progenetica, исследованных методом просвечивающей электронной 

*  Corresponding author / Автор-корреспондент

https://doi.org/10.31610/trudyzin/2024.328.1.108
mailto:Irina.Podvyaznaya@zin.ru
mailto:Irina.Podvyaznaya@zin.ru


109Tegument of mother sporocysts of Bunocotyle progenetica

микроскопии. Тегумент этих партенит представлен наружным безъядерным синцитием, соединенным 
при помощи цитоплазматических мостиков с глубжележащими тегументальными клетками. Наружная 
плазматическая мембрана тегумента образует очень мелкие листовидные выросты и множество глубо-
ких инвагинаций в виде разнонаправленных и взаимосвязанных каналов, пронизывающих почти весь 
наружный синцитий и многократно увеличивающих площадь его поверхности. Цитоплазма наружного 
слоя тегумента содержит редкие крупные митохондрии, микротрубочки и малочисленные секреторные 
гранулы, содержимое которых выделяется в просвет каналов. От плазматической мембраны каналов 
берут начало многочисленные пиноцитозные пузырьки. Мелкие эндоцитозные пузырьки перемеща-
ются по цитоплазматическим мостикам в тегументальные клетки, в которых происходит расщепление 
и сортировка эндоцитированного пищевого материала. Для этих клеток характерно присутствие в их 
цитоплазме мощно развитого аппарата Гольджи, представленного множественными стопками цистерн, 
а также большого количества эндосом разной степени зрелости и остаточных телец. Прослежены не-
которые этапы трансформации эндосом в тегументальных клетках. Помимо пищеварительной актив-
ности, тегументальные клетки продуцируют секреторные гранулы, которые по окончании своего со-
зревания поступают в наружный синцитий. Впервые показано, что популяция тегументальных кле-
ток у зрелых партенит может обновляться за счет резервного пула недифференцированных клеток. 
Особенности строения тегумента материнских спороцист B. progenetica обсуждаются в контексте пред-
ставлений об усилении трофической функции покровов у лишенных кишечника спороцист.

Ключевые слова: Bunocotyle progenetica, материнская спороциста, тегумент, ультраструктура

INTRODUCTION

Mother sporocysts develop from miracidia larvae 
that have successfully infected the first intermedi-
ate host, the mollusc. Germinal cells formed in the 
mother sporocysts give rise to the individuals of the 
daughter parthenogenetic generation. Though the 
stage of the mother sporocyst is present in the life 
cycle of most digenean species (see reviews in Gine
tsinskaya 1988; Galaktionov and Dobrovolskij 2003; 
Ataev 2017), it remains very poorly studied. For 
some species, its morpho-biological features have not 
been fully described. The descriptions of the moth-
er sporocysts available in the literature are usually 
brief, fragmentary and based only on light micro-
scopic observations. The few ultrastructural studies 
of the mother sporocysts are mostly devoted to the 
transformations of the tegument at the initial stages 
of their development in the host or in vitro (South-
gate 1970; Basch and DiConza 1974; Køie et al. 1976; 
Køie and Frandsen 1976; Meuleman et al. 1978; 
Threadgold 1984; Matthews and Matthews 1991; 
Pan 1996; Poteaux et al. 2023). 

In this study we described the fine structure of 
the tegument in mature, actively reproducing moth-
er sporocysts of the hemiuroid digenean Bunocotyle 
progenetica (Markowski, 1936) Chabaud et Buttner, 
1959, a monoxenous parasite of the marine mud snails 
Peringia ulvae (Pennant, 1777) and Ecrobia ventrosa 
(Montagu, 1803). The mother as well as the daugh-
ter sporocysts of all digenean species completely lack 

the alimentary canal. This means that the uptake of 
nutrients by these parasites is possible only owing to 
the trophic activity of their tegument. In our study, 
we attempted to trace the relationship between the 
functional features of the tegument and its fine orga-
nization in mother sporocysts of B. progenetica. 

MATERIAL AND METHODS

Mature sporocysts of B. progenetica containing 
redial embryos in the brood cavity were obtained 
from mud snails Peringia ulvae. The snails were col-
lected in summer (August) and during hydrological 
winter (March) in the Sukhaya Salma Inlet of the 
Chupa Bay of the White Sea. The “winter” collection 
has been described in detail in Galaktionov and Pod-
vyaznaya (2019).

The material for transmission electron microscopy 
was fixed with cold 3% glutaraldehyde in 0.1 M caco-
dylate buffer (pH=7.4) and subsequently (after 8–10 
days) post-fixed with 1% osmium tetroxide solution 
in the same buffer at 4°C. Sucrose was added to the 
fixators and the wash buffer to obtain osmolarity of 
760  mOsm. The samples were then dehydrated and 
embedded into Epon-Araldite mixture following 
a standard procedure (Mollenhauer 1964). Thin and 
semi-thin sections of the sporocysts were made with 
the help of a Leica EM UC6rt ultratome. Thin sec-
tions were stained with an aqueous solution of uranyl 
acetate and lead citrate and examined under a Mor-
gagni 268 transmission electron microscope operating 
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at 80  kV. In addition, living sporocysts were exam-
ined with the help of a Leica DMLS light microscope.

RESULTS

Mature mother sporocysts of Bunocotyle proge-
netica are fairly motile worm-like organisms (1000–
1700 µm long) residing in the hemocoel of the mol-
luscan host. They have a well-developed brood cav-
ity and a thin body wall comprising the tegument 
(Fig. 1A). The latter consists of an outer cytoplasmic 
layer and deeper-lying tegumental cells connected 
with the outer anucleate syncytium by cytoplasmic 
bridges (Fig. 1A). The covers of the sporocysts col-
lected in summer and in winter did not have any no-
ticeable ultrastructural differences.

The outer cytoplasmic layer (OCL) bears apical-
ly dense minute leaf-like outgrowths (Fig. 1B, C). The 
cytoplasm within these outgrowths and a thin cyto-
plasmic layer just under them have an increased elec-
tron density owing to the concentration of fine elec-
tron-dense microfibrils. In addition to the outgrowths, 
the outer plasma membrane of OCL forms numerous 
deep invaginations (Fig. 1B, C). They are represent-
ed by a network of interconnected channels passing in 
various directions and permeating almost the entire 
syncytium. These channels, about 120 nm in diameter, 
are unevenly filled with a substance of moderate elec-
tron density (Fig.  2A). Coated pinocytotic vesicles 
are formed from numerous coated pits in the plasma 
membrane limiting the channels (Fig. 2A, B). These 
vesicles, about 80 nm in diameter, are mainly located 
in the immediate vicinity of the channels’ membranes. 
The density of their contents is similar to that of the 
material filling the channels’ lumen (Fig. 2A, B). An 
accumulation of spherical or slightly irregular vesicles 
with a smooth limiting membrane is observed in the 
basal part of OCL; they are also about 80 nm in diam-
eter (Fig. 2A). Numerous similar, though sometimes 
larger vesicles are present in the cytoplasmic bridges 
and in the adjacent areas of the cytoplasm of the te
gumental cells (Figs 1A, 2B). In the present work, we 
regard them as endocytic vesicles.

Secretory granules about 150 nm in diame-
ter, bounded by a membrane and containing elec-
tron-dense finely fibrillar material (hereafter, dense 
granules), are found in OCL in much smaller num-
bers (Figs  1B, 2D, 3A). These granules were regu-
larly observed in direct contact with the membrane 
of the inner channels, and the lumen of the channels 

often contained electron-dense material similar to 
their contents (Fig. 3A).

There are few organelles in the narrow interlayers 
of the cytoplasm between the inner channels of OCL. 
Apart from the vesicles and the inclusions described 
above, they contained only microtubules and rare 
large mitochondria, often located in the basal part of 
the outer syncytium (Figs 1B, 2A). The basal plasma 
membrane of OCL forms sparse lamellar invaginations 
into the cytoplasm. It is underlain by a well-defined 
basal lamina, which also extends to the surface of the 
cytoplasmic bridges (Figs 1B, C, 2A, B, 3B).

Cytoplasmic bridges connecting OCL and tegu-
mental cells are numerous in mature sporocysts and 
have a relatively constant fine structure. It is cha
racterized by the accumulation of long microtubules 
oriented along the axis of the bridge; vesicles, most of 
which are similar to the endocytic vesicles of OCL, 
are distributed between these microtubules (Figs 2B, 
3B). Occasionally, dense granules and mitochondria 
could be seen inside the bridges. 

Tegumental cells are the most numerous cellular 
elements of the sporocyst body wall (Figs 1A, 2C–
E). Their ultrastructure changes noticeably with 
age. In particular, the age of a cell determines its 
size, the degree of development of the Golgi appara-
tus (GA) and rough endoplasmic reticulum (RER), 
the number of free ribosomes, dense granules and 
various vesicles.

In all specimens of mother sporocysts examined 
in our study, rare mitotic figures and a few small un-
differentiated cells and tegumental cells at the early 
stages of specialization were found in the body wall 
near OCL (Fig. 2C–E). Tegumental cells at the early 
stages of specialization (Fig. 2D) differ from undif
ferentiated cells in having a larger nucleus with 
a larger nucleolus; besides, some RER and GA profiles 
and, occasionally, dense granules can be seen in their 
cytoplasm, which is densely filled with free ribosomes 
(Fig. 2C, D). These cells often have thin outgrowths, 
which are directed towards OCL but do not yet form 
cytoplasmic syncytial connections with it.

Young active tegumental cells are rather large and 
irregular in shape (Figs 3C, 4A); each cell is connect-
ed with the OCL by several cytoplasmic bridges. The 
cells located far from the brood cavity (in the anterior 
body region) may also have outgrowths directed to-
wards the cavity lining but not forming cytoplasmic 
bridges. The nuclei of young tegumental cells usual-
ly contain a small amount of condensed chromatin, 
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Fig. 1. Tegument of mother sporocysts of Bunocotyle progenetica. A. General view of the sporocyst body wall with tegumental cells 
and the outer cytoplasmic layer (OCL). Inset shows an enlarged portion of the cytoplasm of a tegumental cell with a putative recycling 
endosome. B, C. Ultrastructural details of OCL; arrowheads point to different planes of sections through apical outgrowths. Abbrevia-
tions: ao – apical outgrowths, au – autolysosome, bc – brood cavity, bi – basal invaginations, bl – basal lamina, cb – cytoplasmic bridge, 
ch – channels, dg – dense granules, ee – early endosomes, go – Golgi apparatus, le – late endosomes, mi – mitochondria, mu – muscles, 
n – nucleus, ocl – OCL, rb – residual bodies, re – recycling endosome, rer – rough endoplasmic reticulum, tc – tegumental cell. Scale 
bars: A = 2 µm; B = 200 nm; C = 300 nm.
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Fig. 2. Pinocytosis in the outer cytoplasmic layer (OCL) and renewal of population of tegumental cells in mother sporocysts of Bunoco
tyle progenetica. A. Enlarged portion of OCL showing the formation of pinocytotic vesicles from coated pits (arrowheads) and endocytic 
vesicles in the basal part of OCL. B. Details of a cytoplasmic bridge. C. Undifferentiated and young tegumental cells. D. Early stage 
of differentiation of a tegumental cell. E. Mitosis (asterisk) of an undifferentiated cell. Abbreviations: atc – ageing tegumental cell, 
bc – brood cavity, bl – basal lamina, cb – cytoplasmic bridge, ch – channels, dg – dense granules, ev – endocytic vesicles, go – Golgi 
apparatus, mi – mitochondria, mt – microtubules, mu – muscles, n – nucleus, nu – nucleolus, ocl – OCL, rb – residual bodies, rer – rough 
endoplasmic reticulum, tc – tegumental cell, un – undifferentiated cell, ytc – young tegumental cell. Scale bars: A  = 200 nm; B  = 
300 nm; C, D = 1 µm; E = 500 nm.
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Fig. 3. Dense granules and the secretory process in the tegument of mother sporocysts of Bunocotyle progenetica. A. Release of secretory 
material into the channels of the outer cytoplasmic layer (OCL). Note the dense granules (dg) that are ready to discharge their contents 
into the channels. B. Dense granule within the cytoplasmic bridge. C. Formation of secretory granules in a young tegumental cell. 
D.  Maturation of secretory granules in the cytoplasm of a tegumental cell. Arrowheads point to the “light” vesicles detached from 
the maturing granules. Abbreviations: bi – basal invaginations, bl – basal lamina, cb – cytoplasmic bridge, ch – channels, dg – dense 
granules, go – Golgi apparatus, mi – mitochondria, mt – microtubules, mu – muscles, n – nucleus, ocl – OCL, rb – residual bodies, 
rer – rough endoplasmic reticulum, tgn – trans-Golgi network. Scale bars: A = 500 nm; B–D = 200 nm.
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Fig. 4. Maturation of endosomes in tegumental cells of mother sporocysts of Bunocotyle progenetica. A. General view of an active young 
tegumental cell with numerous endosomes and residual bodies. B. Golgi apparatus and small Golgi-derived vesicles with contents of 
moderate electron density (arrowheads). C, D. Multivesicular bodies, small early endosomes and Golgi-derived vesicles in the cytoplasm 
of tegumental cells. Arrowheads point to sites of presumable fusion of various vesicular structures. E. Early endosomes with tubular 
extensions (arrowheads). Abbreviations: dg – dense granules, ee – early endosomes, go – Golgi apparatus, le – late endosomes, mi – 
mitochondria, mt – microtubules, mvb – multivesicular bodies, n – nucleus, rb – residual bodies, tc – tegumental cell, tgn – trans-Golgi 
network. Scale bars: A = 1 µm; B, C, E = 200 nm; D = 300 nm.
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which forms a thin layer under the nuclear envelope, 
one or two large nucleoli and numerous small ribonu-
cleoprotein particles (RNPs), which are distributed 
within the nucleoplasm (Figs  2C, D, 3C, 4A). The 
number of mitochondria and RER profiles in the cy-
toplasm increases in these cells, but the concentration 
of free ribosomes is still high (Figs 3C, 4A). Owing 
to this feature, young tegumental cells stand out as 
being denser than the others. GA is the best-deve
loped organelle in their cytoplasm (Figs 3C, 4A, B). 
It is represented by multiple large stacks of very nar-
row cisternae surrounded by an accumulation of di-
verse vesicles (Figs 3C, 4B). Small transparent vesi-
cles and vacuoles are often found close to the cis face 
of GA. A  developed network of tubules tightly ad-
joining each other and passing in various directions 
is located at the trans side of GA (Figs 3C, 4B). The 
tubular elements of this trans-Golgi network (TGN) 
are usually filled with material of an increased elec-
tron density. Most of the Golgi-derived vesicles are 
not more than 50 nm in size, and their contents are of 
a  moderate electron density (Fig.  4B). Similar vesi-
cles are often observed in contact with multivesicular 
bodies (MVBs) (Fig.  4C). Dense granules of secre-
tory nature are produced by GA in smaller numbers. 
These granules often occur in accumulations in the 
cytoplasm of young cells (Figs 3D, 4A). Immature se-
cretory granules may be spherical, elongated, dumb-
bell-shaped or drop-shaped (Fig.  3D). As they ma-
ture, vacuoles with lighter contents are detached from 
them. These detached vacuoles have a narrow dense 
layer lining their membrane from the inside (Fig. 3D). 
Mature dense granules observed within the cytoplas-
mic bridges and OCL are usually spherical and homo-
geneous (Figs 1C, 2A, D, 3A, B), though sometimes 
they may have a thin halo of lower electron density.

Ageing tegumental cells are characterized by an 
electron-light nucleus with a weakly pronounced nu-
cleolus (Fig.  1A); the nuclei of some old cells show 
clear signs of degeneration. Their cytoplasm is con-
siderably less dense (Fig. 2D, E) owing to a decreased 
concentration of free ribosomes and the profiles of 
RER and mitochondria. At the same time, their cy-
toplasm still contains multiple GA profiles. Like the 
preceding developmental stages, the ageing tegu-
mental cells always contain microtubules and diverse 
vesicles and vacuoles, mostly represented by endo-
somes of various degree of maturity. 

Endosomes in the cytoplasm of the tegumental 
cells are morphologically heterogeneous. Three main 

categories can be distinguished: early, recycling and 
late endosomes. Small early endosomes are especial-
ly numerous (Figs  1A, 4D). Most of them are about 
120 nm in diameter and have slightly uneven outlines 
in sections, resembling smaller vesicles observed in the 
cytoplasmic bridges. In the cytoplasm of the tegumen-
tal cells, small early endosomes can often be seen in 
close contact with each other and with larger vacuoles 
and vesicles (Fig. 4C, D), which can be interpreted as 
evidence of their fusion. Early endosomes also form tu-
bular extensions (Fig. 4E), giving them an appearance 
somewhat similar to recycling endosomes. The latter 
are characterized by a stellar or an angular shape in sec-
tions and by more pronounced tubular elements (Fig. 
1A, inset), which can also be observed in the cytoplasm 
as separate structures. Late endosomes are represented 
by a population of MVBs, containing small intralumi-
nal vesicles (ILVs) in the electron-light contents (Figs 
1A, 4A, C, D). Their size varies considerably, from 1 to 
1.5  µm. Similarly to early endosomes, MVBs are of-
ten seen in close contact with vesicles of a smaller di-
ameter, including endosomes at the previous stages of 
maturation; their fusion with small Golgi-derived ve
sicles was also observed (Fig. 4C). Residual bodies in 
the cytoplasm of tegumental cells sometimes look like 
myelin-like bodies (or multilamellar bodies), while in 
other cases their composition and electron density is 
more heterogeneous (Figs 1A, 3C, 4A–D). Many of 
the tegumental cells contain some autolysosomes with 
fragments of organelles inside (Fig. 1A).

DISCUSSION

Our study showed that the general structural plan 
of the tegument of mother sporocysts of Bunocotyle 
progenetica is typical of digeneans. At the same time, 
some of its fine-structural features have never been 
recorded in studies of mother and daughter sporo-
cysts of other digenean species.

We have already noted that in all generations of 
the sporocysts the uptake of the nutrients proceeds 
exclusively via the covers. As shown in previous ul-
trastructural studies (James et al. 1966; Southgate 
1970; Køie 1971; Gibson 1974; Smith and Chernin 
1974; Popiel 1978a, b; Matthews 1980; Fournier and 
Théron 1985; Žd’árská and Soboleva 1985; Al-Sal-
man and James 1989; Pojmanska and Machaj 1991; 
Pan 1996; Russell-Pinto et al. 1996; Klag et al. 1997; 
Pinheiro et al. 2011; Podvyaznaya and Galaktionov 
2012; Denisova et al. 2023), an intensification of the 
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trophic function of the tegument in sporocysts is al-
most always accompanied by a considerable amplifi-
cation of the area of their outer surface. In the majori-
ty of the digenean species examined in this respect, an 
increase in the absorptive surface area is achieved by 
means of numerous well-developed apical outgrowths 
of the outer plasma membrane, which may have va
rious shapes. In mother sporocysts of B. progenetica, 
the area of the outer plasma membrane is increased 
manifold by means of a developed network of deep in-
vaginations occupying a  large part of the tegument 
volume, while small leaf-like apical outgrowths pro-
vide only a marginal increase. These outgrowths are 
associated with a pronounced submembrane network 
of microfibrils, which appears to afford mechanical 
stability to the apical surface of the tegument. It can-
not be ruled out that, besides being involved in ab-
sorption, the apical micro-outgrowths also have some 
mechanical function. For instance, they may perform 
a coarse filtration of the food material that enters the 
inner channels of the tegument or prevent sliding 
during movement of the parasites within the small 
lacunae of the hemocoel.

An essentially similar ultrastructural organiza-
tion of OCL has previously been described (Uglem 
and Lee 1985) only once: in rediae of Proterometra 
macrostoma (Faust, 1918). It is noteworthy that ma-
ture rediae of this species, similarly to the digenean 
sporocysts, lack the alimentary canal (Uglem and 
Lee 1985). The differences in the structure of OCL 
in parthenitae of B. progenetica and P. macrostoma 
are insignificant, being mostly related to the shape 
of the apical micro-outgrowths (finger-shaped in 
P. macrostoma and leaf-like in B. progenetica) and the 
arrangement of the inner channels (perpendicular to 
the basal surface of OCL in P. macrostoma and ori-
ented in various directions in B. progenetica). Uglem 
and Lee (1985) have estimated that the inner chan-
nels and the outer micro-outgrowths taken together 
amplify the surface area of the outer plasma mem-
brane of the tegument of P.  macrostoma more than 
15-fold. They have also demonstrated experimentally 
(Uglem 1980; Uglem and Lee 1985) that in rediae of 
P. macrostoma glucose is actively transported across 
the plasma membrane of the inner channels. Litera-
ture data indicate (see review in Smyth and Halton 
1983; Threadgold 1984; Galaktionov and Dobro-
volskij 2003) that the absorption of low molecular 
weight carbohydrates by the tegument with the help 
of active transport mechanisms as well as by simple 

or facilitated diffusion is also characteristic of spo-
rocysts of some digenean species. In the lacunar sys-
tem of the molluscs, mother sporocysts of B. proge-
netica are in constant contact with the hemolymph, 
containing large quantities of dissolved organic sub-
stances with a low molecular weight. It is highly like-
ly that the transmembrane transport of some of these 
substances occurs in their covers.

In this study we showed that in the tegument of 
mother sporocysts of B.  progenetica, the putative 
transmembrane transport is supplemented by a fairly 
active vesicular transport, which enables large orga
nic molecules to enter the parasite’s body. Evidence 
of pinocytosis has been found in the tegument of spo-
rocysts of many digeneans, including the parthenitae 
of Cercaria vaullegeardi Pelseneer, 1906; Cercaria 
buccini Lebour, 1911; Cercaria helvetica XII (Dubois, 
1927); Fasciola hepatica Linneus, 1758; Schistosoma 
mansoni Sambon, 1907; Meiogymnophallus minutus 
(Cobbold, 1859); Prosorhynchoides borealis Barto-
li et al., 2006; Podocotyle sp. and others (see South-
gate 1970; Køie 1971; Reader 1974; Popiel 1978b; 
Meuleman et al. 1978; Al-Salman and James 1989; 
Podvyaznaya and Galaktionov 2012; Denisova et al. 
2023). In most of these species, pinocytotic vesicles 
are formed at the apical surface of OCL in the areas 
devoid of outgrowths. In mother sporocysts of B. pro-
genetica, pinocytotic vesicles are the derivatives of 
deep invaginations of the outer plasma membrane. 
Considering the large volume of the channels (invagi-
nations) of OCL and the abundance of endosome-like 
vesicles in the tegumental cells, it can be assumed that 
several types of vesicular transport coexist in these 
parthenitae. Receptor-mediated endocytosis is easily 
discernible in sections owing to a characteristic clath-
rin coating of its vesicles. Deeper in the cytoplasm the 
clathrin coating disintegrates quickly, and these ves-
icles become indistinguishable from those that may 
arise from caveolae. The identification of caveolin 
vesicles in B.  progenetica is hampered by the pres-
ence of numerous inner channels passing in various 
directions, with which they can be easily confused in 
the sections. Therefore, additional studies employing 
special markers are necessary to prove or disprove the 
existence of caveolin endocytosis in these sporocysts.

In B. progenetica, endocytic vesicles move to the 
cytoplasmic bridges with numerous microtubules, 
along which they are transported to the tegumental 
cells. We managed to observe some stages of endocytic 
pathway in the cytoplasm of the tegumental cells. Ac-
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cording to the modern concept of the vesicular trans-
port (Miaczynska and Stenmark 2008; Huotari and 
Helenius 2011; Kornilova 2014; Tu et al. 2020), trans-
formation of endosomes involves the fusion of early en-
dosomes and endocytic vesicles into larger endosomal 
structures and the formation of tubular extensions re-
flecting the sorting of their contents and the recycling 
of the components of the outer plasma membrane. 
Conversion of early endosomes into late endosomes 
can be considered as the next stage of endosomal ma
turation. In B. progenetica, late endosomes are repre-
sented by numerous large MVBs, which are capable 
of fusing with small vesicles with contents of mo
derate electron density. These Golgi-derived vesicles 
presumably contain lysosomal enzymes and may be 
classified as primary lysosomes. The presence of tran-
sitional forms between large MVBs and dense teloly
sosomes with heterogeneous contents suggests that 
the latter are the final stage of intracellular process-
ing of endocytosed material. Myelin-like structures 
(multilamellar bodies), which were also observed in 
the tegumental cells, are possibly the end product of 
autophagy. In B. progenetica, residual bodies are not 
transported to OCL, as they are in sporocysts of some 
other digenean species (see, e.g., Al-Salman and James 
1989; Podvyaznaya and Galaktionov 2012), but accu-
mulate in tegumental cells; sometimes they discharge 
their contents into the intercellular space.

To sum up, in the tegument of mother sporocysts 
of B.  progenetica, the processes associated with its 
trophic activity are spatially separated. OCL is 
adapted to capture as broad a range of nutrients as 
possible, including some large molecules, which can-
not get into the cell across the plasma membrane. If 
caveolin endocytosis also occurs in the tegument, it 
additionally enhances the uptake of nutrients by in-
creasing the rate of their passage across the absorp-
tive surface. Tegumental cells are responsible for 
sorting and breakdown of endocytosed food materi-
al; from these cells the nutrients are transported into 
other tissues of the sporocyst in the available form.

It should be noted that the distribution of func-
tions in the covers of the sporocysts found in our study 
is not presented in all the digeneans in which endocy-
tosis has been described. In some species the ultra-
structural features of OCL indicate the activity of 
intracellular digestion (Reader 1974; Al-Salman and 
James 1989; Podvyaznaya and Galaktionov 2012). 
For instance, OCL of C.  helvetica XII, M.  minutus 
and P.  borealis contains polymorphic vesicles with 

heterogeneous contents of non-secretory nature, as 
well as residual bodies (Reader 1974; Al-Salman and 
James 1989; Podvyaznaya and Galaktionov 2012). 
Judging by the results of the cytochemical analysis 
of C. helvetica XII, many of these structures demon-
strate the activity of acid phosphatase (Reader 1974) 
suggesting that the cellular lysosome system func-
tions in this part of the tegument. Another evidence 
indicating the functioning of this system is the pre
sence of GA in OCL of P. borealis and C. helvetica XII 
(Reader 1974; Podvyaznaya and Galaktionov 2012).

Secretory inclusions that look very similar to 
the dense granules described in this study were of-
ten observed in the tegument of trematode parthe
nitae, including rediae (Køie 1971; Reader 1974; Po
piel 1978a; Threadgold 1984; Žd’árská and Sobole-
va 1985; Al-Salman and James 1989; Pinheiro et al. 
2011; Podvyaznaya and Galaktionov 2012; Deniso-
va et al. 2023). The functional role of these inclu-
sions remains obscure since no information about 
the chemical nature of their contents is available. 
Among other suggestions, it has been proposed that 
the dense granules may contain hydrolytic enzymes 
that are released into the host organism and are in-
volved in the preliminary digestion of food materials 
(Jenkinson 1968; Al-Salman and James 1989). This 
hypothesis, while yet to be proven, agrees well with 
the experimental data of Thomas and Pascoe (1973), 
who demonstrated in vitro that the daughter sporo-
cysts of Cercaria linearis Lespes, 1857 and Cercaria 
stunkardi Palombi, 1938 were capable of extracorpo-
real digestion of exogenous carbohydrates (disaccha-
rides and glycogen).

Age-related changes in the tegumental cells have 
been recorded in sporocysts of various species (see, 
e.g., Al-Salman and James 1989; Podvyaznaya and 
Galaktionov 2012; and others). At the same time, data 
on the differentiation of new tegumental cells in ma-
ture parthenitae have been lacking. Our observations 
indicate that mature mother sporocysts of B. proge-
netica have a pronounced capacity to the renewal of 
the population of tegumental cells at the expense of 
the reserve pool of undifferentiated cells. This feature 
of their tegument may be associated with a short life 
span of the tegumental cells. An active involvement of 
these cells in intracellular digestion appears to acce
lerate their ageing and degradation. At the same time, 
the mother sporocysts of B. progenetica may live for 
a  fairly long time by the standards of this life-cycle 
stage (up to six months), their life span depending on 
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the season when the mollusc has been infected (Leva-
kin 2008). These parthenitae can overwinter in the 
body of the host; during this time they retain the abi
lity to move actively, and the process of development 
of redial embryos continues in their brood cavity 
(Podvyaznaya and Galaktionov 2021). Apparently, 
this would have been impossible without the conti
nued trophic function of the tegument.

ACKNOWLEDGEMENTS

We are very grateful to Natalia Lentsman for her 
help in preparing the English version of the manu-
script. We are also indebted to an anonymous referee 
and to Dr A.A. Petrov for valuable corrections. This 
study was carried out using the equipment of the Core 
Facilities Centre “Taxon” at the Zoological Institute 
of the Russian Academy of Sciences, Saint Petersburg, 
Russia (http://www.ckp-rf.ru/ckp/3038/?sphrase_
id=8879024), and was supported by budget funding 
of the Russian Academy of Sciences (project numbers 
122031100260-0 and 1021051603202-7).

REFERENCES

Al-Salman H.A. and James B.L. 1989. Ultrastructural 
studies on the daughter sporocysts of Meiogymnophal-
lus minutus (Digenea: Gymnophallidae). International 
Journal for Parasitology, 19: 499–508. https://doi.
org/10.1016/0020-7519(89)90079-9

Ataev G.L. 2017. Reproduction of trematode partenitae: 
review of main theories. Nauka, Saint Petersburg, 
87  p. [In Russian]. https://doi.org/10.21072/978-5-
02-039707-1

Basch P.F. and DiConza J.J. 1974. The miracidium-spo-
rocyst transition in Schistosoma mansoni: surface 
changes in vitro with ultrastructural correlation. The 
Journal of Parasitology, 60(6): 935–941. https://doi.
org/10.2307/3278518

Denisova S.A., Shunatova N.N., Lebedenkov V.V. and 
Shchenkov  S.V. 2023. Ultrastructure of an opeco-
elid daughter sporocyst, Podocotyle sp. (Digenea: 
Opecoelidae): comparative analysis of the somatic 
tissues and new insights into the organization of the 
nervous system. Canadian Journal of Zoology, 101(7): 
579–602. https://doi.org/10.1139/cjz-2022-0177

Fournier A. and Théron A. 1985. Sectorisation mor-
pho-anatomique et fonctionnelle du sporocyste-fils 
de Schistosoma mansoni. Parasitology Research, 71: 
325–336. https://doi.org/10.1007/BF00928335

Galaktionov K.V. and Dobrovolskij A.A. 2003. The bio
logy and evolution of trematodes. Kluwer, Dordrecht, 
592 p. https://doi.org/10.1007/978-94-017-3247-5

Galaktionov K.V. and Podvyaznaya I.M. 2019. Repro-
ductive organs of trematode parthenitae during the 
cold season: an ultrastructural analysis using evidence 
from rediae of Bunocotyle progenetica (Markowski, 
1936) (Digenea, Hemiuroidea). Invertebrate Zoology, 
16(4): 329–341. https://doi.org/10.15298/invertz-
ool.16.4.02

Gibson D.I. 1974. Aspects of the ultrastructure of the 
daughter sporocyst and cercaria of Podocotyle staf-
fordi Miller, 1941 (Digenea: Opecoelidae). Norwegian 
Journal of Zoology, 22: 237–252.

Ginetsinskaya T.A. 1988. Trematodes, their life cycles, bio
logy and evolution. Amerind Publ. Co., New Delhi, 559 p.

Huotari J. and Helenius A. 2011. Endosome maturation. 
The EMBO Journal, 30(17): 3481–3500. https://doi.
org/10.1038/emboj.2011.286

James B.L., Bowers E.A. and Richards J.G. 1966. The 
ultrastructure of the daughter sporocyst of Cercaria 
bucephalopsis haimeana Lacaze-Duthiers, 1854 from 
the edible cockle, Cardium edule L.  Parasitology, 56: 
753–762. https://doi.org/10.1017/s0031182000071778

Jenkinson J.A. 1968. Comparative ultrastructural and 
histochemical studies on larval trematodes with spe-
cial reference to gland cells and the integument. Ph.D. 
Thesis. University College of South Wales and Mon-
mouthshire, Cardiff.

Klag  J., Niewiadomska K. and Czubaj  A. 1997. Ultra-
structural studies on the sporocyst wall of Diplosto-
mum pseudospathaceum Niewiadomska, 1984 (Di
genea, Diplostomidae). International Journal for 
Parasitology, 27: 919–929. https://doi.org/10.1016/
s0020-7519(97)00063-5

Køie M. 1971. On the histochemistry and ultrastructure 
of the daughter sporocyst of Cercaria buccini Lebour, 
1911. Ophelia, 9: 145–163. https://doi.org/10.1080/00
785326.1971.10430093

Køie M., Christensen N.O. and Nansen P. 1976. Stereo
scan studies of eggs, free-swimming and penetrating 
miracidia and early sporocysts of Fasciola hepatica. 
Zeitschrift für Parasitenkunde, 51(1): 79–90. https://
doi.org/10.1007/BF00380530

Køie M. and Frandsen F. 1976. Stereoscan observations 
of the miracidium and early sporocyst of Schistosoma 
mansoni. Zeitschrift für Parasitenkunde, 50(3): 335–
344. https://doi.org/10.1007/BF02462978

Kornilova E.S. 2014. Receptor-mediated endocytosis and 
cytoskeleton. Biochemistry (Moscow), 79(9): 865–
878. https://doi.org/10.1134/S0006297914090041

Levakin I.A. 2008. Transmission of the monoxenous life 
cycle of Bunocotyle progenetica (Trematoda: Hemi-
uroidea, Bunocotylinae) under conditions of the White 
Sea intertidal. Candidate of Biological Sciences thesis. 
Zoological Institute of the Russian Academy of Scien
ces, Saint Petersburg, 171 p. [In Russian].

Matthews B.F. 1980. Cercaria vaullegeardi Pelseneer, 
1906 (Digenea: Hemiuridae); the daughter sporocyst 

http://www.ckp-rf.ru/ckp/3038/?sphrase_id=8879024
http://www.ckp-rf.ru/ckp/3038/?sphrase_id=8879024
https://doi.org/10.1016/0020-7519(89)90079-9
https://doi.org/10.1016/0020-7519(89)90079-9
https://doi.org/10.21072/978-5-02-039707-1
https://doi.org/10.21072/978-5-02-039707-1
https://doi.org/10.2307/3278518
https://doi.org/10.2307/3278518
https://doi.org/10.1139/cjz-2022-0177
https://doi.org/10.1007/BF00928335
https://doi.org/10.1007/978-94-017-3247-5
https://doi.org/10.15298/invertzool.16.4.02
https://doi.org/10.15298/invertzool.16.4.02
https://doi.org/10.1038/emboj.2011.286
https://doi.org/10.1038/emboj.2011.286
https://doi.org/10.1017/s0031182000071778
https://doi.org/10.1016/s0020-7519(97)00063-5
https://doi.org/10.1016/s0020-7519(97)00063-5
https://doi.org/10.1080/00785326.1971.10430093
https://doi.org/10.1080/00785326.1971.10430093
https://doi.org/10.1007/BF00380530
https://doi.org/10.1007/BF00380530
https://doi.org/10.1007/BF02462978
https://doi.org/10.1134/S0006297914090041


119

and emergence of the cercaria. Parasitology, 81: 61–69. 
https://doi.org/10.1017/s0031182000055049

Matthews B.F. and Matthews R.A. 1991. Lecithochi
rium furcolabiatum (Jones, 1933), Dawes, 1947: the 
miracidium and mother sporocyst. Journal of Hel-
minthology, 65(4): 259–69. https://doi.org/10.1017/
s0022149x0001083x

Meuleman E.A., Lyaruu  D.M., Khan  M.A., Holz
mann P.J. and Sminia T. 1978. Ultrastructural chang-
es in the body wall of Schistosoma mansoni during the 
transformation of the miracidium into the mother 
sporocyst in the snail host Biomphalaria pfeifferi. 
Zeitschrift für Parasitenkunde, 56: 227–242. https://
doi.org/10.1007/BF00931716

Miaczynska M. and Stenmark H. 2008. Mechanisms 
and functions of endocytosis. Journal of Cell Biology, 
180(1): 7–11. https://doi.org/10.1083/jcb.200711073 

Mollenhauer  H.H. 1964. Plastic embedding mixtures 
for use in electron microscopy. Stain Technology, 39: 
111–114.

Pan S.C. 1996. Schistosoma mansoni: the ultrastructure 
of larval morphogenesis in Biomphalaria glabrata and 
of associated host-parasite interactions. Japanese Jour-
nal of Medical Science and Biology, 49(4): 129–149. 
https://doi.org/10.7883/yoken1952.49.129

Pinheiro J., Franco-Acuña D.O., Oliveira-Menezes A., 
Brandolini S.V., de Souza W. and Damatta  R.A. 
2011. Ultrastructure of the sporocysts of Eurytrema 
coelomaticum (Giard Et Billet, 1892) Looss, 1907. 
Veterinary Parasitology, 182(2–4): 201–212. https://
doi.org/10.1016/j.vetpar.2011.05.044

Podvyaznaya I.M. and Galaktionov K.V. 2012. Mor-
pho-functional specialization of the branching spo-
rocyst of Prosorhynchoides borealis Bartoli, Gibson 
&  Bray, 2006 (Digenea, Bucephalidae). Journal of 
Helminthology, 86: 173–184. https://doi.org/10.7868/
S0044513414030076

Podvyaznaya I.M. and Galaktionov K.V. 2021. Germi-
nal development in embryonic rediae of the hemiuroid 
digenean Bunocotyle progenetica: an ultrastructural 
study. Parasitology Research, 120(12): 1–12. https://
doi.org/10.1007/s00436-021-07349-8

Pojmanska T. and Machaj K. 1991. Differentiation 
of the ultrastructure of the body wall of the sporo-
cyst of Leucochloridium paradoxum. International 
Journal for Parasitology, 21: 651–659. https://doi.
org/10.1016/0020-7519(91)90076-J

Popiel I. 1978a. The ultrastructure of the daughter sporo-
cyst of Cercaria littorinae saxatilis V Popiel, 1976 (Di-
genea: Microphallidae). Zeitschrift für Parasitenkunde, 
56: 167–173. https://doi.org/10.1007/BF00930747

Popiel I. 1978b. The ultrastructure of the daughter spo-
rocyst tegument of Cercaria vaullegeardi Pelseneer 
(Digenea, Hemiuridae). Zoologica Scripta, 7: 155–157. 
https://doi.org/10.1111/j.1463-6409.1978.tb00598.x

Poteaux P., Gourbal B. and Duval D. 2023. Time series 
analysis of tegument ultrastructure of in vitro trans-
formed miracidium to mother sporocyst of the human 
parasite Schistosoma mansoni. Acta Tropica, 240: 106840. 
https://doi.org/10.1016/j.actatropica.2023.106840

Reader T.A.J. 1974. Ultrastructural, histochemical and 
cytochemical observations on the body wall of the 
daughter sporocyst of Cercaria helvetica XII (Dubois 
1927). Zeitschrift für Parasitenkunde, 45: 243–261. 
https://doi.org/10.1007/BF00329377

Russell-Pinto F., Bowers E. and James B. 1996. Ultra
structure study of the intramolluscan stages of Meio-
gymnophallus minutus (Digenea: Gymnophallidae) in 
Scrobicularia plana (Bivalvia) from Portugal. Parasi-
tology Research, 82: 428–434. https://doi.org/10.1007/
s004360050140

Smith J.H. and Chernin E. 1974. Ultrastructure of young 
mother and daughter sporocysts of Schistosoma man-
soni. The Journal of Parasitology, 60: 85–89. https://
doi.org/10.2307/3278683

Smyth J.D. and Halton D.W. 1983. The physiology of 
trematodes. 2nd edition. Cambridge University Press, 
Cambridge, 446 p.

Southgate V.R. 1970. Observations on the epidermis of the 
miracidium and on the formation of the tegument of the 
sporocyst of Fasciola hepatica. Parasitology, 61: 177–
190. https://doi.org/10.1017/s0031182000040993

Thomas J.S. and Pascoe D. 1973. The digestion of exo
genous carbohydrate by the daughter sporocysts of 
Cercaria linearis Lespés, 1857 and Cercaria stunkardi 
Palombi, 1938, in vitro. Zeitschrift für Parasitenkunde, 
43: 17–23. https://doi.org/10.1007/BF00329533

Threadgold L.T. 1984. Parasitic Platyhelminths. In: J. Be-
reiter-Hahn, A.G. Matoltsy and K.S. Richards (Eds). 
Biology of the integument. Springer, Berlin–Heidel-
berg: 132–191. https://doi.org/10.1007/978-3-642-
51593-4_11

Tu Y., Zhao L., Daniel D., Billadeau D.D. and Jia  D. 
2020. Endosome-to-TGN trafficking: organelle-vesi-
cle and organelle-organelle interactions. Frontiers in 
Cell and Developmental Biology, 8: 163. https://doi.
org/10.3389/fcell.2020.00163

Uglem G.L. 1980. Sugar transport by larval and adult 
Proterometra macrostoma (Digenea) in relation to 
environmental factors. The Journal of Parasitology, 
66(5): 748–758. https://doi.org/10.2307/3280664 

Uglem G.L. and Lee  K.J. 1985. Proterometra mac-
rostoma (Trematoda: Azygiidae): functional mor-
phology of the tegument of the redia. International 
Journal for Parasitology, 15(1): 61–64. https://doi.
org/10.1016/0020-7519(85)90102-x

Žd’árská  Z. and Soboleva  T.N. 1985. Electron micro-
scope observations of the sporocyst of Postharmosto-
mum gallinum Witenberg, 1923 (Brachylaimidae). 
Folia Parasitologica, 32: 227–230.

https://doi.org/10.1017/s0031182000055049
https://doi.org/10.1017/s0022149x0001083x
https://doi.org/10.1017/s0022149x0001083x
https://doi.org/10.1007/BF00931716
https://doi.org/10.1007/BF00931716
https://doi.org/10.1083/jcb.200711073
https://doi.org/10.7883/yoken1952.49.129
https://doi.org/10.1016/j.vetpar.2011.05.044
https://doi.org/10.1016/j.vetpar.2011.05.044
https://doi.org/10.7868/S0044513414030076
https://doi.org/10.7868/S0044513414030076
https://doi.org/10.1007/s00436-021-07349-8
https://doi.org/10.1007/s00436-021-07349-8
https://doi.org/10.1016/0020-7519(91)90076-J
https://doi.org/10.1016/0020-7519(91)90076-J
https://doi.org/10.1007/BF00930747
https://doi.org/10.1111/j.1463-6409.1978.tb00598.x
https://doi.org/10.1016/j.actatropica.2023.106840
https://doi.org/10.1007/BF00329377
https://doi.org/10.1007/s004360050140
https://doi.org/10.1007/s004360050140
https://doi.org/10.2307/3278683
https://doi.org/10.2307/3278683
https://doi.org/10.1017/s0031182000040993
https://doi.org/10.1007/BF00329533
https://doi.org/10.1007/978-3-642-51593-4_11
https://doi.org/10.1007/978-3-642-51593-4_11
https://doi.org/10.3389/fcell.2020.00163
https://doi.org/10.3389/fcell.2020.00163
https://doi.org/10.2307/3280664
https://doi.org/10.1016/0020-7519(85)90102-x
https://doi.org/10.1016/0020-7519(85)90102-x

