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Structure and supposed feeding mechanisms of the
plasmodium of Intoshia linei (Orthonectida)
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ABSTRACT: The parasite plasmodium of orthonectid /nthoshia linei is covered with 2
distinct membranes. Plasmodium bears microvilli in some regions. A highly developed
tubular network resembling smooth endoplasmic reticulum is considered to be a part of a
permanent pinocytotic complex. Phagocytosis and pinocytosis both are supposed to be the
mechanisms of plasmodium feeding.
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PE3IOME: Il:1a3monuit opronektuasl Intoshia linei MOKPBIT IBYMS OTYETIIMBO PA3IHIH-
MBIMH MeMOpaHamu. Ha OT/eNbHBIX ydacTKax IUIa3MOJUi HeceT MUKPOBMILIA. CHIIBHO
pasBuTas TYOyIIsipHAs CETh, HATTOMHUHATOIIAS TJIAAKHH SHI0TUIA3MaTHIECKUI PETHKYITIOM,
SBIISIETCS] YACTHIO TIOCTOSIHHOTO MMHONIUTO3HOTO KoMIutekca. [Iponecc nutanus mia3mo-
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sty 1. linei ocymiecTBiseTCs Kak P MOMOIIH (haronnTosa, Tak ¥ MHHOIKUTO3A.

KJIFOYEBLIE CJIOBA: Orthonectida, mrasmonwii, (paromuTos, MAHOIKATO3.

Orthonectida is a poorly known group of
lower Metazoa. Phylogenetic relationships of
Orthonectidaremainuncertain (Hatschek, 1888;
Hartmann, 1925; Stunkard, 1954; Pawlowski et
al., 1996; Hanelt et al., 1996; Westheide, Rieg-
er 1996). Orthonectids are the parasites of a
wide range of marine invertebrates. Orthonec-
tid life cycle includes a free-living sexual stage
and a parasitic stage, commonly referred to as
plasmodium. The males and females develop
from germinal cells within the plasmodium and
copulate after leaving the host. Fertilized eggs

giverise to the ciliated larvae developing within
the female. After releasing, the larvae infect a
new host (Caullery, Lavallee, 1912; Caullery,
1961).

The origin of orthonectid plasmodium is not
clear. Metschnikoff (1881), who suggested this
term, and many authors after him considered the
plasmodium to be a stage of life cycle of a
parasite. According to Kozloff (1994, 1997), the
plasmodium is not an individual parasitic organ-
ism but a huge host cell (cells) transformed by
parasites. The morphology of orthonectid plas-
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modium is poorly known. Only three species
have been studied at the ultrastructural level
(Kozloff, 1969, 1971, 1994, 1997; Slyusarev,
Miller, 1998). With the exception of general
considerations nothing is known about the way
of feeding in the othonectid plasmodium. The
present study provides the structure and sup-
posed feeding mechanisms of the plasmodium
of orthonectid Inthoshia linei.

Material and methods

Orthonectid /ntoshia linei(Giard, 1877)is a
parasite of the nemertine Lineus ruber (Muel-
ler, 1774). The nemertines were collected in
August 2001 from the Barents Sea in the region
of the former marine biological station Dalnie
Zelentsi point (69°07' N, 36°05' E). The hosts
were collected during the low tide and kept in
Petri dishes. Five nemertines infected with plas-
modium were found and all of them were dis-
sected and examined. Pieces of infected nemer-
tines were fixed in 4% glutaraldehyde with 0.1
M cacodylate buffer, pH 7.3. After the rinse in
6.85% sucrose solution for 1 h, the pieces were
transferred into 1% OsO, with the same buffer,
also for 1 h. After fixation the material was
rinsed in 0.1 M cacodylate buffer, dehydrated in
ethanol, and embedded in Epon 812. Reichert-
Jung Ultracut E was used to make sections for
TEM microscopy. The sections were examined
in JEOL 100SX transmission electron micro-
scope.

Results

The mature plasmodium of 1. /inei is mainly
associated with loose connective tissue of the
host. The plasmodium can be found in gonads
and muscles but it never penetrates the digestive
system. Plasmodium is characterized by an irreg-
ular outline and forms numerous offshoots. It
should be noted that the young plasmodium is
tightly adjacent to the host tissues while the
mature one is surrounded with lacunae (Fig. 1A).

Two membranes are on the surface of the
parasite plasmodium (Figs 1B, C). The surface
ofthe plasmodium is smooth in some places, but

in the others, it bears microvilli (Figs 1A, 2B,
C). Some microvilli may protrude into the host
tissue or into lacunae, while the others are par-
allel to the surface of the plasmodium (Figs 1A,
2C). Microvilli are approximately 0.7 mm in
length and 0.2 mm in diameter. A highly devel-
oped tubular network resembling smooth endo-
plasmic reticulum was found in some regions
(Fig. 1A). This network is always associated
with the area adjacent to the external membrane
ofthe plasmodium. Sometimes, pinocytotic ves-
icles are visible at the foot of microvilli (Fig.
2C). They occur also in the regions with smooth
surface. It should be emphasized that pinocytot-
ic vesicles are associated with the tubular net-
work mentioned above.

Formation of phagosomes is quite evident in
a great number of sections (Fig.1B). Microvilli
are always absent in the areas where phagocyto-
sis is observed. It is noteworthy that newly
formed large vacuoles are always covered by 3
membranes: two plasmodium membranes and
one host cell’s membrane (Fig. 1B). The large
phagosome content seems to be highly homoge-
neous. The plasmodium cytoplasm s filled with
smaller vacuoles of different size and content,
some of them being food vacuoles. The smaller
food vacuoles are surrounded with one or two
membranes only (Figs 1B, 2A).

Discussion

Kozloff (1997) does not mention double
membrane surface structure in Ciliocincta sa-
bellariae plasmodium, however, two membranes
are perfectly seen on fig. 3 b of the above cited
publication. The same is true for the plasmodi-
um of 1. variabili. Judging by TEM micro-
graphs, it is surrounded with two membranes
(Slyusarev, Miller, 1998). Thus, two membranes
are found on the external surface of the parasite
plasmodium in all orthonectids studied so far.

Microvilli on the plasmodium surface are
found in 7. variabili (Slyusarev, Miller, 1998),
as well as in Rhopalura ophiocomae and Cilio-
cincta sabellaria (Kozloff, 1994, 1997). In all
mentioned species, plasmodium bears microvilli
in some separate parts only.
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Fig. 1. Mature plasmodium of /ntoshia linei.

A — plasmodium offshoot with well developed pinocytotic complex, B — formation of phagosome, C — boundary
between the plasmodium and host tissues. Abbreviations: | — lipid granule, h — host tissue, f — phagosomes, mh —
membrane of host cell, mi — microvilli, mp — membrane of plasmodium, p — plasmodium cytoplasm, s — tubular
network. Arrowheads show 3 membranes in the wall of the forming phagosome. Scale bars: A — 0.2 mm, B— 0.2 mm,
C — 0.3 mm.

Puc. 1. 3pensiii miasmonuii Intoshia linei.

A — BBIPOCT IIa3MOJHUsSA € XOPOLIO PasBUTBIM NMHUHOLUTO3HBIM KOMINICKCOM, B — o6pa30133HHe (bal"OCOMH, C —
TpaHHIa MEXY IUIa3MOJIMEM U TKaHAMH Xo3siuHa. O003HavyeHus: | — nunuaHas rpadyna, h — TkaHu xo3suHa, f —
(arocoma, mh — MemOpaHa KJIETKH XO035IMHA, Mi — MUKPOBHJUIM, Mp — MeMOpaHa IIa3Mousi, p — IUTOILUIa3Ma
IUIa3MOJUs, S — TyOyJspHas ceTh. HakOHEUHHMKH CTpETIOK yKa3hIBalOT Ha 3 MeMOpaHBI B CTCHKE (opMupylomencs
¢arocomsr. Macmrad: A — 0,2 MmxM, B — 0,2 mxM, C — 0,3MxM.
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The presence of a well developed tubular
network close to the plasmodium surface can be
regarded either as smooth endoplasmic reticulum
or a permanent pinocytotic complex. Our data
provide evidence that pinocytosis and phagocyto-
sis both are the feeding mechanisms of mature
plasmodium of /. /inei. The plasmodium seems to
be using both feeding strategies simultaneously.

The surface structure of the orthonectid plas-
modium heavely resembles the plasmodium of
some myxosporidia which is also covered with
two membranes and bears microvilli (Uspen-
skaya, 1966, 1984). The feeding strategy of the
orthonectid plasmodium seems also to be similar
tothat of myxosporidian plasmodia (Uspenskaya,
1966, 1984). It may be considered to be an
indirect argument for that the plasmodium is an
individual organism, but not a transformed host
cell (tissue), as Kozloff (1994, 1997) believed.
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Fig. 2. Phagocytosis and pinocytosis in mature plasmodium of Intoshia linei.

A — plasmodium cytoplasm with granules, B — phagocytosis, C — pynocytosis. Abbreviations: 1 — lipid granule, h
— host tissue, f — phagosome, m — plasmodium membranes, mi — microvilli, n — host cell nucleus, p — plasmodium
cytoplasm, s — tubular network. Arrowhead shows the putative pinocytotic vesicle. Scale bars: A — 0.2 mm, B — 0.2

mm, C — 0.3 mm.

Puc. 2. daronuro3 U MHHOIKUTO3 B 3peioM IuiasMoauu Intoshia linei.

A — nuTomnasMa IiIasMoaus ¢ pasMYHBIMK rpaHyinamu, B — ¢aromuro3, C — nuHounto3. O6o3Hayenus: | —
JUNAAHAS TpaHyia, h — TkaHu xo3siuHa, f — (arocoma, m — MeMOpaHbI TIA3MOAUS, Mi — MUKPOBHJLUIH, N — SAPO
KJICTKH XO3sIMHA, P — IUTOIIa3Ma IJIa3MOus, S — TyOyJsipHas ceTh. HAKOHEYHUK CTPEJIKH yKa3bIBACT Ha MPE/Ioa-
raeMblil TMHOLMTO3HBIN 1y3bipek. Macirader: A — 0,2 mkm, B — 0,2 mxm, C — 0,3 MKM.



