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A selenid gregarine Ditrypanocystis sp. (Apicomplexa, Gregarinia, Selenidiidae), harboring the gut lumen
of the oligochaete Enchytraeus albidus, was studied by light and electron microscopy. The trophozoite of Ditry-
panocystis sp. is attached to the gut wall with its apical end to be anchored eventually between enterocytes in the
crypts. Simultaneously, between the surfaces of the parasite and the host cell a peculiar contact is formed made
of membranous channels and vesicles of unknown origin, the host cell surface in the contact area lacking cilia.
The trophozoite becomes progressively enclosed within a parasitophorous vacuole made of layers of fused ciliar
membranes of enterocytes. The fused cilia may be a source of membranes lining channels and vesicles of
the contact area. Such a mode of parasitophorous arrangements has never been described before for gregarines,
however, it bears a some likeness with that of the coccidian genus Cryptosporidium (similarity and differences
being discussed). With regard to some molecular phylogeny constructions, claiming the «sister» relationship
between gregarines and the coccidian genus Cryptosporidium (Carreno et al., 1999; Leander et al., 2003), this
common feature in host-parasite relationships enabled us to put forward an idea of a possible evolutionary rou-
te from extracellularity of gregarines to intracellularity of coccidia, as exemplified by species of Cryptospo-
ridium.
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The obvious diversity of mutual adaptations of parasites
and host cells is one of most challenging areas of comparati-
ve cytology. This diversity is rather well known for parasites
of vertebrate hosts, but still remains poorly investigated for
the majority of parasites of invertebrate hosts, primarily
non-profit ones. The sea invertebrates serve a rich source of
the relevant information because of their huge biodiversity
and substantial evolutionary age. This study deals with pro-
tozoan gut parasites of the oligochaete Enchytraeus albidus
inhabiting storm discharge of the White Sea.

Material and methods

Polychaetes Enchytraeus albidus, harboring in their guts
selenid gregarines of the genus Ditrypanocystis, were collec-
ted at the White Sea littoral during a low tide.

Pieces of the gut were fixed with 2.5 % glutaraldehide and
2 % osmium tetroxide for 2 and 1 h, respectively. All fixatives
were made in PBS, the osmolarity being brought with sucrose
to that of sea water, 780 mOsm. Following ethanol and acetone
treatment, the material was embedded in Araldit.

Semithin and ultrathin sections were done with the Reic-
hert Ultracut R ultratome. Semithin (1000 nm) sections were
stained with a mixture of 1 % azur and 1 % metylene blue
and examined in a Axiolab ZEISS microscope. Images were
received with the camera digital Nikon E990. Ultrathin secti-

ons were contrasted with 2 % uranyl acetate in 70 % ethanol
and lead citrate solutions and examined in a ZEISS EM 912
Omega electron microscope.

Glutaraldehyde, osmium tetroxide, Araldit kit, PBS, ace-
tone, uranyle acetate, lead citrate and nitrate were supplied
by SERVA, USA.

Results

Trophozoites of Ditrypanocystis sp. are localized in the
oligochaete gut lumen being attached to the gut wall in the
crypt area (Fig. 1, a). The attachment is realized by the api-
cal part of the trophozoite, which forms deep lobes towards
the gut wall between enterocytes (Fig. 1, a, b).

The trophozoites under study are elongated bodies, mea-
suring 30—40 mm by 20 mm. The nucleus has a big nucleo-
lus (Fig. 1, a).

About half of the parasite surface is covered with 26 lon-
gitudinal ridges (Fig. 2, a, b) being up to 0.4 mm high and
strengthened with 10 microtubules running through every
ridge and aggregate of microfilaments in the basic part of the
ridge (Fig. 2, c). The microfilaments go along the ridges en-
forcing them. Besides ridges, the parasite surface makes se-
veral longitudinal folds, which are considerably higher than
ridges, differing from the latter in size and shape (Fig. 2, d,
e). There are no microtubules but only microfilaments are
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present in the epicyte folds. The folds go from the apical part
along the body of the trophozoite, but not to the very end
(Fig. 2, a).

The trophozoite pellicle consists of a plasmalemma and
inner membrane complex underlined with a layer of subpelli-
cular microtubules (Fig. 3, a). Under the inner membrane
complex, there is a layer of electron-dense substance denoted
as a subpellicular dense layer (Fig. 2, c). The pellicle at the

ridges is additionally enforced with electron-dense substance
being deposited above the inner membrane complex (Fig. 2,
c). The are few rhoptries and typical micronemes with elect-
ron-dense contents. In addition, in the apical part of the trop-
hozoite in the cytoplasm numerous vesicular electron-lucent
organelles are seen, resembling empty micronemes (Fig. 2,
f). The cytoplasm is filled with dense granules, known to be
shared by all sporozoan zoites (Fig. 3, a). Mitochondria with
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Fig. 1. Mode of attachment of gregarine Ditrypanocystis sp. to the gut of oligochaete Enchytraeus albidus.

a — mode of parasite attachment between enterocytes in crypts with lobed anterior part, light microscopy; ob. 100�, oc. 10�. b — ultrastructure of the contact
area; parasite forms a close contact with host cell surfaces. ci — cilia, cr — crypt, gr — gregarine, hc — host cell, l — lobe.

Ðèñ. 1. Ñïîñîá ïðèêðåïëåíèÿ ãðåãàðèíû Ditrypanocystis sp. â êèøå÷íèêå ìàëîùåòèíêîâîãî ÷åðâÿ Enchytraeus albidus.

à — ïðèêðåïëåíèå ïàðàçèòà ìåæäó ýíòåðîöèòàìè â êðèïòàõ ïåðåäíèì êîíöîì; ñâåòîâàÿ ìèêðîñêîïèÿ; îá. 100�, îê. 10�. b — óëüòðàñòðóêòóðà çîíû
êîíòàêòà; ïàðàçèò êîíòàêòèðóåò ñ ïîâåðõíîñòüþ êëåòêè õîçÿèíà. ci — ðåñíè÷êè, cr — êðèïòà, gr — ãðåãàðèíà, hc — êëåòêà õîçÿèíà, l— ëîïàñòü.

Fig. 2. Morphology and ultrastructure of the trophozoite of Ditrypanocystis sp.

a — transversal section of the trophozoite posterior part supplied with epicyte ridges, light microscopy; ob. 100�, oc. 10�. b — ultrastructure of the trophozoite
posterior part (transversal section) with 4 rhoptries and 26 epicyte ridges. c — ultrastructure of the epicyte ridges crossed with numerous microtubules and micro-
filaments. Inputs (shown by arrows): the pellicle at the epicyte ridges and between them, respectively. The pellicle of ridges differs in the presence of an additional
electron-dense layer situated between the outer membrane and inner membrane complex, while the pellicle membranes and the subpellicular electron-dense layer,
localized in the cytoplasm under the inner membrane complex, are equally developed on the whole parasite body. d — oblique section of the trophozoite anterior
part with 3 epicyte folds; ob. 100�, oc. 10�. e — ultrastructure of the trophozoite anterior part (oblique section) differing from the posterior one in the availability
of epicyte folds, in addition to epicyte ridges and 5 rather than 4 roptries. f — the apical part of trophozoite displaying typical apicomplexan features: rhoptries,
subpellicular microtubules, electron-lucent vesicles, mitochondria with ampular cristae (boxed region). g — a magnified fragment of the boxed region in panel f,
including mitochondria with ampular cristae. cm — cristae of mitochondria, er — epicyte ridge, ef — epicyte folds, im — inner pellicle membranes, m — mitoc-
hondria, mt — microtubules, n — nucleus, om — outer pellicle membrane, r — rhoptry, sdl — subpellicular dense layer, smt — subpellicular microtubules, v —

electron-lucent vesicles. Arrows show imputs magnifying loci the arrows arise from; arrowhead — electron-dense substance in the pellicle of ridges.

Ðèñ. 2. Ìîðôîëîãèÿ è óëüòðàñòðóêòóðà òðîôîçîèòà Ditrypanocystis sp.

a — ïîïåðå÷íûé ñðåç çàäíåé ÷àñòè òðîôîçîèòà ñ ýïèöèòàðíûìè ãðåáíÿìè; îá. 100�, îê. 10�. b — óëüòðàñòðóêòóðà çàäíåé ÷àñòè òðîôîçîèòà (ïîïåðå÷-
íûé ñðåç) ñ 4 ðîïòðèÿìè è 26 ýïèöèòàðíûìè ãðåáíÿìè. c — óëüòðàñòðóêòóðà ýïèöèòàðíûõ ãðåáíåé, âíóòðè êîòîðûõ ïðîõîäÿò ìèêðîòðóáî÷êè è ìèêðî-
ôèëàìåíòû. Íà âñòàâêàõ, óêàçàííûõ ñòðåëêàìè, — ïåëëèêóëà íà ýïèöèòàðíûõ ãðåáíÿõ è ìåæäó íèìè ñîîòâåòñòâåííî. Ïåëëèêóëó ãðåáíåé îòëè÷àåò
äîïîëíèòåëüíûé ýëåêòðîííî-ïëîòíûé ñëîé, ëåæàùèé ìåæäó íàðóæíîé ìåìáðàíîé è âíóòðåííèì ìåìáðàííûì êîìïëåêñîì, òîãäà êàê ìåìáðàíû ïåë-
ëèêóëû è ñóáïåëëèêóëÿðíûé ýëåêòðîííî-ïëîòíûé ñëîé, ïîäñòèëàþùèé âíóòðåííèé ìåìáðàííûé êîìïëåêñ, â ðàâíîé ìåðå ðàçâèòû âî âñåõ ó÷àñòêàõ
òåëà ïàðàçèòà. d — êîñîé ñðåç ÷åðåç ïåðåäíþþ ÷àñòü òðîôîçîèòà, âèäíû 3 ýïèöèòàðíûå ñêëàäêè; îá. 100�, îê. 10�. e — óëüòðàñòðóêòóðà ïåðåäíåé ÷àñ-
òè òðîôîçîèòà (êîñîé ñðåç), îòëè÷àþùåéñÿ îò çàäíåé íàëè÷èåì ýïèöèòàðíûõ ñêëàäîê â äîïîëíåíèå ê ýïèöèòàðíûì ãðåáíÿì è 5 ðîïòðèé âìåñòî 4. f —
àïèêàëüíàÿ ÷àñòü òðîôîçîèòà, èìåþùåãî òèïè÷íûå äëÿ çîèòîâ îñîáåííîñòè óëüòðàñòðóêòóðû: ðîïòðèè, ñóáïåëëèêóëÿðíûå ìèêðîòðóáî÷êè, ýëåêòðîí-
íî-ïðîçðà÷íûå âåçèêóëû, ìèòîõîíäðèè ñ àìïóëèðîâàííûìè êðèñòàìè (ó÷àñòîê öèòîïëàçìû ñ ìèòîõîíäðèÿìè âûäåëåí ðàìêîé. g — óâåëè÷åííûé
ôðàãìåíò íà ðèñ. 2, f, âûäåëåííûé ðàìêîé, ñîäåðæàùèé ìèòîõîíäðèè ñ àìïóëèðîâàííûìè êðèñòàìè. cm — êðèñòû ìèòîõîíäðèè, er — ýïèöèòàðíûé
ãðåáåíü, ef — ýïèöèòàðíàÿ ñêëàäêà, im — âíóòðåííÿÿ ìåìáðàíà ïåëëèêóëû, m — ìèòîõîíäðèÿ, mt — ìèêðîòðóáî÷êè, n — ÿäðî, om — íàðóæíàÿ ìåìá-
ðàíà ïåëëèêóëû, r — ðîïòðèÿ, sdl — ñóáïåëëèêóëÿðíûé ýëåêòðîííî-ïëîòíûé ñëîé, smt — ñóáïåëëèêóëÿðíûå ìèêðîòðóáî÷êè, v — ýëåêòðîííî-ïðî-
çðà÷íûå âåçèêóëû; ñòðåëêè îòõîäÿò îò ó÷àñòêîâ, óâåëè÷åííûõ íà óêàçàííûõ èìè âñòàâêàõ; ãîëîâêà ñòðåëêè — ýëåêòðîííî-ïëîòíîå âåùåñòâî ïåëëèêó-

ëû ýïèöèòàðíûõ ãðåáíåé.
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Fig. 3. The contact area of gregarine and host cells with membranous structures between their plasmalemmas.

a — general view showing different membranous structures: membranous channels and membranous vesicles (boxed region), membranous layer. b — magnified
fragment of the boxed region in panel a including the contact area with membranous channels and vesicles, membranous vesicles are sequential to membranous
channels. Surface membranes of channels and vesicles do not contact with plasmalemmas of either host, or parasite. c — view of the membranous channel opened
to the contents of a transport vacuole crossing the host cell plasmalemma. Both the outer and inner membranes of the parasite pellicle retain in the contact area.
dg — dense granules, mch — membranous channels, ml — membranous layer, mn — microneme, mvs — membranous vesicles, phc — host cell plasmalemma,

tv — transport vacuole; other designations are the same as in Figs 1, 2.

Ðèñ. 3. Çîíà êîíòàêòà ãðåãàðèíû è êëåòêè õîçÿèíà ñ ìåìáðàííûìè ñòðóêòóðàìè ìåæäó èõ ïëàçìàëåììîé.

a — îáùèé âèä çîíû êîíòàêòà, âèäíû ðàçëè÷íûå ìåìáðàííûå ñòðóêòóðû: ìåìáðàííûå êàíàëû è ìåìáðàííûå âåçèêóëû (íà ó÷àñòêå, âûäåëåííîì ðàì-
êîé), ñëîé ìåìáðàí. b — óâåëè÷åííûé ôðàãìåíò ðèñ. 3, à, âûäåëåííûé ðàìêîé, âêëþ÷àþùåé â ñåáÿ çîíó êîíòàêòà, â êîòîðîé âûÿâëÿþòñÿ ìåìáðàííûå
êàíàëû è âåçèêóëû; âèäíî, ÷òî ìåìáðàííûå âåçèêóëû ÿâëÿþòñÿ ïðîäîëæåíèåì ìåìáðàííûõ êàíàëîâ. Ïîâåðõíîñòíûå ìåìáðàíû êàíàëîâ è âåçèêóë íå
ñëèâàþòñÿ ñ ïëàçìàëåììîé íè õîçÿèíà, íè ïàðàçèòà. c — ìåìáðàííûé êàíàë, îòêðûòûé ñîäåðæèìîìó òðàíñïîðòíîé âàêóîëè, èäóùåé ÷åðåç ïëàçìàëåì-
ìó êëåòêè õîçÿèíà. Íàðóæíàÿ è âíóòðåííèå ìåìáðàíû ïåëëèêóëû ïàðàçèòà ñîõðàíÿþòñÿ â çîíå êîíòàêòà. dg — ïëîòíûå ãðàíóëû, mch — ìåìáðàííûå
êàíàëû, ml — ìåìáðàííûé ñëîé, mn — ìèêðîíåìû, mvs — ìåìáðàííûå âåçèêóëû, phc — ïëàçìàëåììà êëåòêè õîçÿèíà, tv — òðàíñïîðòíàÿ âàêóîëü;

îñòàëüíûå îáîçíà÷åíèÿ òå æå, ÷òî è íà ðèñ. 1, 2.



ampular crysts are not numerous and localized at the perip-
hery of the trophozoite. We detected them only in the apical
part of the trophozoite (Fig. 2, g).

The surface of the trophozoite front part makes a close
contact with the enterocyte surface. In the attachment zone,
there is a prominent space filled with numerous membranous
structures (Fig. 3, a), making channels of different configu-
ration, and being limited by host enterocyte and parasite sur-
faces, respectively (Fig. 3, b). But through the most part of
the contact area they look as either associations of tiny vesic-
les, or a layer of electron dense substance (Fig. 3, a). Gut
epithelial cells demonstrate high transport activity, being
seen by the presence of numerous vacuoles in the cytoplasm.

The channels of contact area, opened in the immediate proxi-
mity to enterocyte plasmalemma, are shown to be in contact
with the contents of the transport vacuoles crossing the host
cell plasmalemma (Fig. 3, c).

The source of channels in the contact area is not clear.
The channels are not homologous to enterocyte outgrowths,
referred to as cilia. Nevertheless, both cilia and the substrate
of micronemes, found immediately under the trophozoite
pellicle, may be, presumably, involved in the formation of
this specialized host-parasite interface under the influence
that the parasite exerts on the host enterocyte.

The rest part of the trophozoite is surrounded by cilia-free
space (Fig. 4, a—c). Cilia of enterocytes, normally deflecting
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Fig. 4. Morphology of Ditrypanocystis sp. trophozoites inside parasitophorous vacuoles.

a — longitudinal section of cilia clusterized around the parasite, normal cilia are seen nearby. b — cross section of parasitized brush border, clusterization occurs
around each trophozoite. c — oblique section through the periphery of parasitophorous vacuole; arrows — clusterized cilia adjacent to the parasite surface. cc —

clusterized cilia, gw — gut wall; other designations are the same as in Fig. 1. Ob. 100�, oc. 10�.

Ðèñ. 4. Ìîðôîëîãèÿ òðîôîçîèòîâ Ditrypanocystis sp. âíóòðè ïàðàçèòîôîðíîé âàêóîëè.

a — ïðîäîëüíûé ñðåç ÷åðåç ñëîé ðåñíè÷åê, êëàñòåðèçîâàâøèõñÿ âîêðóã ïàðàçèòà; íîðìàëüíûå ðåñíè÷êè ðÿäîì. b — ïîïåðå÷íûé ñðåç ùåòî÷íîé êàåìêè
çàðàæåííîãî ÷åðâÿ; êëàñòåðèçàöèÿ ðåñíè÷åê ïðîèñõîäèò âîêðóã êàæäîãî òðîôîçîèòà. c — êîñîé ñðåç ÷åðåç ïåðèôåðè÷åñêóþ ÷àñòü ïàðàçèòîôîðíîé âà-
êóîëè; ñòðåëêè — êëàñòåðèçîâàííûå ðåñíè÷êè âïëîòíóþ ïðèëåæàò ê ïîâåðõíîñòè ïàðàçèòà. cc — êëàñòåðèçîâàííûå ðåñíè÷êè, gw — êèøå÷íàÿ ñòåíêà;

îñòàëüíûå îáîçíà÷åíèÿ òå æå, ÷òî è íà ðèñ. 1. Îá. 100�, îê. 10�.
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Fig. 5. Fine structure of the trophozoite in parasitophorous vacuole, and clusterized cilia around it.

a — cross section of two neighboring trophozoites with adjacent parasitophorous vacuole membranes. b—e — steps of parasitophorous vacuole formation: b —
the beginning of cilia clusterization (neighboring cilia approximate to each another); c — clusterization of cilia (cilia become tightly adjacent to each other); d — a
further step of cilia disorganizing (fusion of membranes of clusterized cilia and disorganizing of microtubules); e — material of microtubules of clusterized cilia
is completely resorbed, membranes of these cilia are fused to produce a multimembraned layer limiting the parasitophorous vacuole. cm — membranes of cilia,

mpv — membranes of parasitophorous vacuole; other designations are the same as in Figs 1, 2, 4.

Ðèñ. 5. Óëüòðàñòðóêòóðà òðîôîçîèòà â ïàðàçèòîôîðíîé âàêóîëè è ðåñíè÷åê, êëàñòåðèçîâàííûõ âîêðóã íåãî.

a — äâà ñîñåäíèõ òðîôîçîèòà ñ ïëîòíî ïðèëåãàþùèìè ê íèì ìåìáðàíàìè ïàðàçèòîôîðíûõ âàêóîëåé, ïîïåðå÷íûé ñðåç. b—e — ñòàäèè îáðàçîâàíèÿ ïà-
ðàçèòîôîðíîé âàêóîëè: b — íà÷àëî êëàñòåðèçàöèè ðåñíè÷åê (ðÿäîì ëåæàùèå ðåñíè÷êè òåñíî ñîïðèêàñàþòñÿ); c — êëàñòåðèçàöèÿ ðåñíè÷åê (ðåñíè÷êè
ïëîòíî ïðèëåæàò äðóã ê äðóãó); d — ñëåäóþùàÿ ñòàäèÿ èçìåíåíèÿ ðåñíè÷åê (ñëèÿíèå ìåìáðàí êëàñòåðèçîâàííûõ ðåñíè÷åê è ðàçðóøåíèå ìèêðîòðóáî-
÷åê); e — ìàòåðèàë ìèêðîòðóáî÷åê êëàñòåðèçîâàííûõ ðåñíè÷åê ïîëíîñòüþ ðåçîðáèðóåòñÿ, ìåìáðàíû áûâøèõ ðåñíè÷åê ñëèâàþòñÿ, îáðàçóÿ ìóëüòè-
ìåìáðàííûé ñëîé âîêðóã ïàðàçèòîôîðíîé âàêóîëè. cm — ìåìáðàíû ðåñíè÷åê, mpv — ìåìáðàíû ïàðàçèòîôîðíîé âàêóîëè; îñòàëüíûå îáîçíà÷åíèÿ òå

æå, ÷òî è íà ðèñ. 1, 2, 4.



irregularly in the gut lumen, in the infected oligochaetes beco-
me oriented parallel to one another, being in some places adja-
cent to the parasite surface (Fig. 4, c). After being oriented pa-
rallel to one another the cilia become fused (Fig. 5, b), thus
making clusters (Fig. 5, c). Afterwards plasmatic membranes
of clusterized cilia fuse, and ciliar microtubules are resorbed
(Fig. 5, d). In such a way, a network of multimembranous lay-
ers is formed in the space around the parasite (Fig. 2, a, d; 4,
a; 5, a, e). Thus, the trophozoite becomes enclosed within a
parasitophorous vacuole composed of membrane layers surro-
unded by cilia, which fuse eventually.

On Fig. 6, a comparative diagrammic representation is
given summarizing patterns of similarity/dissimilarity bet-
ween patterns of parasitiphorous vacuole formation around
Ditrypanocystis sp. and Cryptosporidium.

On Fig. 7, a comparative diagrammic representation is
given for illustrating successive stages of parasitophorous
vacuole formation in Ditrypanocystis sp.

Discussion

The availability in trophozoites of Ditrypanocystis sp. of
the epicyte with numerous regular longitudinal ridges and ir-

regular folds enables us to qualify the gregarine as belonging
to the monotypic genus Ditrypanocystis Burt et al. (1963) in
the family Selenidiidae, so far comprizing only one speci-
es — D. cirratuli parasitic in polychaetes, rather than in oligoc-
haetes.

The ultrastructure of D. cirratuli from the polychaete
Cirriformia tentaculata was studied in detail by Mac Gregor
and Thomasson (1965). Pellicle ridges of D. cirratuli are do-
ubled at their ends, by this differing from non-doubled ridges
of Ditrypanocystis sp., the subject of the present research.
Both the species have almost similar numbers of epicyte rid-
ges: 25 and 26 in D. cirratuli and Ditrypanocystis sp., respec-
tively. But the compared species differ in the number and
size of folds, making profiles of so called «undulating mem-
branes» involved in trophozoite movement in the gut lumen
before the attachment (Mac Gregor, Thomasson, 1965). All
this makes it possible to consider Ditrypanocystis sp. from
the oligochaete Enchytraeus albidus as a new species.

Ditrypanocystis sp. makes the first case of parasitism of
selenid gregarines in the host, which is not primarily a mari-
ne animal. Te majority of selenids are parasitic in polychae-
tes, some of selenids are known from sipunculids, and only
single species were reported from Echinodermata, Hemic-
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Fig. 6. Comparative schematic representation of model of extracytoplasmic intracellular localization in Cryptosporidium and Ditrypano-
cystis sp.

a — Cryptosporidium in the gut of suckling mouse (from: Goebel, Braendler, 1982) possessing a double-membrane parasitophorous vacuole of fused microvilli
preserving filaments; feeder organelle is seen in the region of contact. b — Ditrypanocystis sp. in the gut of oligochaete worm (hypothetical scheme) possessing a
multimembrane parasitophorous vacuole of fused and next to fuse clusterized cilia lacking microtubules, see membranous structures at the region of contact.
aa — attachment area, f — microfilaments of villi, fo — feeder organelle, mv — microvilli, mvi — inner membrane of parasitophorous vacuole, mvo — outer

membrane of parasitophorous vacuole, pv — parasitophorous vacuole; other designations are the same as in Figs 1—4.

Ðèñ. 6. Ñîïîñòàâëåíèå ñïîñîáîâ ýêñòðàöèòîïëàçìàòè÷åñêîé âíóòðèêëåòî÷íîé ëîêàëèçàöèè Cryptosporidium è Ditrypanocystis sp.
(ñõåìà).

a — Cryptosporidium â êèøêå íîâîðîðæäåííîãî ìûøîíêà (èç: Goebel, Braendler, 1982), èìåþùèé äâóìåìáðàííóþ ïàðàçèòîôîðíóþ âàêóîëü èç ñëèâ-
øèõñÿ ìèêðîâîðñèíîê, ñîõðàíÿþùèõ ìèêðîôèëàìåíòû; ïèòàþùàÿ îðãàíåëëà âûÿâëÿåòñÿ â ìåñòå êîíòàêòà. b — Ditrypanocystis sp. â êèøêå îëèãîõåòû
(ãèïîòåòè÷åñêàÿ ñõåìà), èìåþùèé ìóëüòèìåìáðàííóþ ïàðàçèòîôîðíóþ âàêóîëü èç ñëèâøèõñÿ è ñëèâàþùèõñÿ ðåñíè÷åê, òåðÿþùèõ ìèêðîòðóáî÷êè;
âèäíû ìåìáðàííûå ñòðóêòóðû â çîíå êîíòàêòà. aa — çîíà êîíòàêòà, f — ìèêðîôèëàìåíòû ìèêðîâîðñèíîê, fo — ïèòàþùàÿ îðãàíåëëà, mv — ìèêðîâîð-
ñèíêè, mvi — âíóòðåííÿÿ ìåìáðàíà ïàðàçèòîôîðíîé âàêóîëè, mvo — íàðóæíàÿ ìåìáðàíà ïàðàçèòîôîðíîé âàêóîëè, pv — ïàðàçèòîôîðíàÿ âàêóîëü;

îñòàëüíûå îáîçíà÷åíèÿ òå æå, ÷òî è íà ðèñ. 1—4.



hordata, and Chordata (Ascidia). The oligochaetes are known
to originate in fresh water basins; subsequently, some of
them must have been secondarily changed to adapt to marine
survival. The occurrence of Ditrypanocystis sp. in oligochae-
te hosts, inhabiting storm discharge, suggests that selenid
gregarines may have had a wider range of host specificity
than it was thought before.

The present study has shown that Ditrypanocystis sp. li-
ves in the host-parasite interface, unique for gregarines,
which involves a peculiar pattern of membranous structures
and a parasitophorous vacuole composed of membranes that
are in fact membranes of fused cilia.

Gregarines are known to display a broad scale of adapta-
tions for survival in the brush border of host gut cells (e. g.
Tuzet, Galangau, 1968; Hildebrand, 1976; Ormières, Marqu-
ès, 1976). But in all these cases enterocyte microvilli are
commonly applied to the parasite’s epicyte only at some
particular regions, as, for example, in gregarine Actinocep-
halus carrilynnae from dragonfly Enallagma civile (Arthro-
poda, Odonata) (Cook et al., 2001). So far, no cases have
been reported of a complete enclosing of gregarines within a
parasitophorous envelope made of clustered or fused micro-
villi or cilia. Such a type of host-parasite interaction is cha-
racteristic of the only coccidian genus Cryptosporidium
(Apicomplexa, Eimeriida), which is illustrated in Fig. 6. On
being attached to the top of enterocyte, zoites of Cryptospo-
ridium stimulate an, additional growth of microvilli and their
eventual fusion around the parasitized cell (for reference see:
Beyer et al., 2000). In the case of Cryptosporidium (Fig. 6,
a) as well as of Ditrypanocystis sp. (Fig. 6, b) a specialized
host-parasite interface is formed. But with Cryptosporidium,
the inner membrane complex and subpellicular microtubules
progressively disappear in the contact area. At the periphery
of this area the outer membrane (plasmalemma) covering the
parasite body fuses with the inner membrane of parasitopho-

rous vacuole. Within the host cell, in the contact area a thick
electron-dense band is formed. The filamentous content of
joined microvilli is retained. The central part of the parasite
plasmalemma forms a feeder organelle made of numerous
folds directed to the host cell surface. The membranous folds
of the surface organelle much enlarge the contact area betwe-
en the host and parasite. Through this highly specialized
host-parasite interface Cryptosporidium is presumably sup-
plied with nutrients from the host cell, rather than from the
gut lumen.

The pattern of parasitism of Ditrypanocystis sp. obvious-
ly differs from that in Cryptosporidium in spite of the extra-
cytoplasmic localization common for both. The gregarine
preserves pellicular and subpellicular microtubules in the
contact area. In this area neither direct fusion of plasmalem-
ma with host cell membrane, nor feeder organelle occur. The
fused cilia of oligochaete enterocytes totally lack microtubu-
lar contents and, as a consequence, they may lose their moti-
lity. Unlike, microvillar filaments in the parasitophorous va-
cuole of Cryptosporidium are preserved.

The pellicle of Ditrypanocystis sp. trophozoite remains
completely preserved in the contact area (Fig. 6, b). Likely
as in Cryptosporidium, the contact area of Ditrypanocys-
tis sp. is considerably enlarged. But in the latter, numerous
additional membranous structures are seen to tightly fill the
whole space between the host and parasite plasmalemmas.
Neither folds of parasite plasmalemma (feeder organelle) nor
its fusion with the host cell are observed in the gregarine un-
der discussion.

In Ditrypanocystis sp., membranous structures, channels
and vesicles, may originate from just the same enterocyte ci-
lia to form the parasitophorous vacuole. Ciliary fusion of is
triggered presumably by the parasite’s contact with plasma-
lemma of cilia of neighboring enterocytes (Fig. 7, a). Under
the influence of the parasite, cilia loose their microtubular
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Fig. 7. A hypothetic scheme of the steps of host-parasite interface formation by Ditrypanocystis sp.

a — parasite contacting cilia of the neighboring enterocytes eventually transforming them. b — transformed cilia clusterize around the parasite, ciliary plasma-
lemmas form branched folds between host and parasite surfaces at the contact region. c — plasmalemmas of clusterized cilia become completely fused to form a
closed parasitophorous vacuole with heavily folded contact area. ftcm — folds of transformed ciliary membrane, p — parasite, tcm — transformed cilia membra-

ne; other designations are the same as in Figs 1—6.

Ðèñ. 7. Ãèïîòåòè÷åñêàÿ ñõåìà ñòàäèé îáðàçîâàíèÿ ïàðàçèòî-õîçÿèííîãî âçàèìîäåéñòâèÿ ó Ditrypanocystis sp.

a — ïàðàçèò âõîäèò â êîíòàêò ñ ðåñíè÷êàìè îêðóæàþùèõ åãî ýíòåðîöèòîâ è òðàíñôîðìèðóåò èõ. b — òðàíñôîðìèðîâàííûå ðåñíè÷êè êëàñòåðèçóþòñÿ
âîêðóã ïàðàçèòà, èõ ïëàçìàëåììà ôîðìèðóåò â çîíå êîíòàêòà ðàçâåòâëåííûå ñêëàäêè. c — ïëàçìàëåììà êëàñòåðèçîâàííûõ ðåñíè÷åê ñëèâàåòñÿ ïîëíî-
ñòüþ ñ îáðàçîâàíèåì çàìêíóòîé ïàðàçèòîôîðíîé âàêóîëè, ñèëüíî ñêëàä÷àòîé â çîíå êîíòàêòà. ftcm — ñêëàäêè òðàíñôîðìèðîâàííîé ïëàçìàëåììû ðåñ-

íè÷åê, p — ïàðàçèò, tcm — òðàíñôîðìèðîâàííàÿ ïëàçìàëåììà ðåñíè÷åê; îñòàëüíûå îáîçíà÷åíèÿ òå æå, ÷òî è íà ðèñ. 1—6.



contents and become clusterized around the parasite. Then
they fused to form membranes of the parasitophorous vacuo-
le. The ciliary plasmalemma becomes heavily folded beneath
the parasite at the attachment place (Fig. 7, b) and after
the fusion it forms a network of membranous structures bet-
ween the host cell and parasite surfaces in the contact area
(Fig. 7, c).

As a result, a hypothesis has been put forward that in
Ditrypanocystis sp. the surface of the host-parasite contact
area is extremely enlarged, and that numerous branched
channels are facing one another with joined plasmalemmas
of cilia. The fact that these channels are opened to the gut
cell surface and thus contact directly with the contents of en-
terocyte transport vacuoles supports the idea that the source
of nutrients taken by gregarines is intracellular, similarly as
is Cryptosporidium, rather than extracellular, from the gut
lumen. Perhaps, Ditrypanocystis sp. may also use for some
degraded microtubule material of fused cilia for nutrition.

Cryptosporidium sp. is the only coccidian parasite, who-
se zoites do not penetrate the host cell by means of its memb-
rane invagination and form an extracytoplasmic parasitopho-
rous vacuole. After Grassè (1953), in has been commonly
considered that the Coccidia have evaluated in general as int-
racellular parasites, whereas the Gregarinia mostly remained
extracellular. If this view is correct, the extracytopasmatic
mode of parasitism seen in Cryptosporidium well compares
with relevant data on molecular phylogeny, suggesting that
Cryptosporidium may have the «sister» relationship with
gregarines, being closer to the latter than to the Coccidia
(Carreno et al., 1999; Leander et al., 2003).

Double-membrane parasitophorous vacuoles of Cryptos-
poridium and multimembrane vacuoles of Ditrypanocystis
seem to be similarly formed with the involvement of analo-
gous enterocyte outputs — microvilli and cilia. This may ref-
lect similar modes of adaptation to parasitic survival in simi-
lar sites of location in the enterocyte brush border. Though
there are substantial differences between these two parasites,
which involve structural peculiarities of the contact area and
formation of parasitophorous vacuole, the very fact of remo-
te development of functionally similar features by different
ways in phylogenetically different organisms must be consi-
dered as a typical case of evolutionary parallelism. So, the
curious similarity between Ditrypanocystis sp., belonging to
the archaic family Selenidiidae (Schrèvel et al., 1971), on the
one hand, and Cryptosporidium, on the other one, in no case
is a manifestation of any direct phylogenetic heritage, but
may suggest a possible way followed by gregarine-like an-
cestors to produce the pattern of parasitophorous vacuole ty-
pical for Cryptosporidium species.
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Ïðèâåäåíû ðåçóëüòàòû ñâåòîîïòè÷åñêîãî è ýëåêòðîííî-ìèêðîñêîïè÷åñêîãî èññëåäîâàíèÿ ãðåãàðè-
íû Ditrypanocystis sp. (Apicomplexa, Gregarinia, Selenidiidae) èç êèøå÷íèêà îëèãîõåòû Enchytraeus albi-
dus. Tðîôîçîèò Ditrypanocystis sp. ïðèêðåïëÿåòñÿ ïåðåäíèì êîíöîì ìåæäó êëåòêàìè ðåñíè÷íîãî ýïèòå-
ëèÿ (ýíòåðîöèòàìè) â îáëàñòè êðèïò. Â ðåçóëüòàòå ìåæäó òðîôîçîèòîì è ïîâåðõíîñòüþ ýíòåðîöèòîâ
ôîðìèðóåòñÿ ñëîé ìåìáðàííûõ êàíàëüöåâ è âåçèêóë íåèçâåñòíîãî ïðîèñõîæäåíèÿ. Â çîíå êîíòàêòà íà
ïîâåðõíîñòè êëåòîê õîçÿèíà îòìå÷àåòñÿ îòñóòñòâèå ðåñíè÷åê. Òðîôîçîèò îêàçûâàåòñÿ âíóòðè çàìêíóòîé
ïàðàçèòîôîðíîé âàêóîëè, îãðàíè÷åííîé ìåìáðàíàìè ðåñíè÷åê ýíòåðîöèòîâ, ñëèâøèõñÿ âîêðóã ïàðàçèòà.
Ïðè ýòîì òàêèå ðåñíè÷êè óòðà÷èâàþò ñâîè ìèêðîòðóáî÷êè. Ïðåäïîëàãàåòñÿ, ÷òî ìåìáðàííûå ñòðóêòóðû
âîçíèêàþò â çîíå êîíòàêòà ïàðàçèòà è õîçÿèíà èç ìåìáðàíû ðåñíè÷åê êëåòêè õîçÿèíà, à íå èç ïëàçìàëåì-
ìû ïàðàçèòà. Ýòîò ñïîñîá ôîðìèðîâàíèÿ ïàðàçèòîôîðíîé âàêóîëè, íå îïèñàííûé ó ãðåãàðèí, âî ìíîãîì
ñõîäåí ñ âûÿâëåííûì ó êîêöèäèé ðîäà Cryptosporidium, õîòÿ èìååò è íåêîòîðûå îòëè÷èÿ. Â ñâåòå äàííûõ
ìîëåêóëÿðíîé ôèëîãåíèè (Carreno et al., 1999; Leander et al., 2003), âûÿâèâøèõ ñåñòðèíñêîå ðîäñòâî
ìåæäó ãðåãàðèíàìè è êîêöèäèÿìè ðîäà Ñryptosporidium, ýòà îáùàÿ ÷åðòà ïîçâîëÿåò ïðåäïîëîæèòü âîç-
ìîæíûé ïóòü ýâîëþöèè âíåêëåòî÷íîãî ïàðàçèòèçìà ãðåãàðèí â íàïðàâëåíèè âíóòðèêëåòî÷îãî ïàðàçè-
òèçìà êîêöèäèé, êàê ýòî âèäíî ó êðèïòîñïîðèäèé.

Ê ë þ ÷ å â û å ñ ë î â à: ãðåãàðèíà, Ditrypanocystis, Selenidiidae, óëüòðàñòðóêòóðà, ôèëîãåíèÿ, Cryptos-
poridium.
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