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ABSTRACT. Symbiotic bacteria were found in the epidermal cells of two repre-
sentatives of meiofaunal group Nerillidae (Polychaeta Annelida). The bacteria in-
habit highly specialized epidermal cells, bacteriocytes of Trochonerilla mobilis (from
the marine aquaria in Moscow) and Micronerilla brevis from the subtidal of the White
Sea. These bacteriocytes lack nuclei, and contain large vacuoles with numerous
bacteria. Vacuoles are penetrated by irregular cytoplasmic extensions. The presence
of residual bodies of lyzosomes in the bacteriocytes is the evidence of intracellular
digestion (endocytosis) of bacteria. Energy nature of the symbiotic relations between
bacteria and hosts in both species is assumed. The discovery of bacteria in adults,
juveniles, and embryos and the presence of highly specialized bacteriocytes observed
in both species give the reason to suggest that the symbiosis is obligate. In addition,
Micronerilla brevis has symbiotic gramm-negative bacteria in the basicuticular zone.
Bacterial cells in the cuticle are similar to intraepidermal ones. Whether these two
different types of bacteria observed in the epidermis and cuticle of Micronerilla are
two different species or two different life cycle stages was not determined. This is the

first finding of symbiotic bacteria in Nerillida.
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Introduction

Symbiotic bacteria associated with annelids
have been found in a variety of taxa and body
locations. Chemoautotrophic or methanotrophic
bacteria are located in the cuticle of phallodrilins
(Oligochaeta), on the body surface of alvinellids
(Polychaeta), and in the trophosoma of pogono-
phorans (probably closely related to Annelida)
(Giere 1981, 1985, Gail et al. 1987, Fisher and
Childress 1992). Bacteria have also been found
under the cuticle of the interstitial worm Jennaria
pulchra (Rieger and Rieger 1991).

Less is known about intracellular epidermal
symbionts of annelids and their possiblerole in the
biology of hosts. There are some data, obtained
with the light microscope, on the existence of
symbiotic bacteria in the epidermal cells of leeches
and oligochaetes (Biichner 1953). Douglass and
Jones (1991) described parasitic bacteria inhabit-
ing the epidermal cells of spionids and producing
large lesions on the body surface. Bacterial colo-
nization and endocytosis in highly specialized epi-
dermal cells were not previously observed in the

Annelida. The present paper reports new finding
of symbiotic bacteria in two genera of Nerillidae.

Material and methods

Micronerilla brevis, a new species of the genus
Micronerilla (Saphonov and Tzetlin in press), is a
small interstitial animal inhabiting shell and gra-
vel substrates subtidally. All material (about 100
specimens) have been extracted from sediment
collected using SCUBA within 5.0 km of Velikaya
Salma Strait (Kandalaksha Bay, the White Sea,
66°35' N, 33°10" E), in depths from [0 to 25 m.
Adult animals were studied using light microsco-
pic observations, and 5 specimens were studied
with transmission electron microscopy (TEM).

Trochonerilla mobilis Saphonov and Tzetlin
1991 was found in the gravel bottom in one of
large sea-tanks (volume 3000 L) of the Moscow
Zoo in 1988. Since that time a culture of these
animals has been kept in two sea-tanks (volume
70 L) in the Department of Invertebrate Zoology
of Moscow State University. In all tanks the arti-
ficial sea-water (S — 35%o, T — near 20° C) is
used. The animals inhabit thick layer of gravel (5-8
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Fig. 1. Bacteria in the epidermal bacteriocytes. A — Micronerilla brevis. Detail of a transversal section through the middle
part of the body, dorsal side. B — Trochonerilla mobilis. Detail of a transversal section through the middle part of the body,
dorsal side. Scale: A, B — 1.0 um. Abbreviations: non-specialized small epidermal cell — EP; bacteria — BA; bacterio-
cyte — BC; basal lamina — BL; cytoplasmic extension — CE; coelomic space — CO; cuticle — CU; longitudinal muscle
cell — LM; nucleus — N; residual body — RE.
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Fig. 2. Micronerilla brevis. A — Bacteria in the cuticle, detail of a transversal section, lateral side of the body. B — Detail
of a bacterial cell. Trochonerilla mobilis. C — bacteria in the ectodermal cell of embryo from the egg cocoon (TEM
micrographs). Scale: A — 0.5 um, B—0.15um, C — 1.0 pm. Abbreviations as in the Fig. 1.

cm) on the bottom of aquaria. Size of gravel grains
is 4-6 mm. Animals feed on bacteria and diatoms
covering the surface of gravel grains (Saphonov
and Tzetlin 1991). Different stages of the life-cycle
of this species were studied with TEM: adults,
juveniles and embryos in the egg-cocoon. The geo-
graphical origin of T. mobilis is unknown (Sapho-
nov and Tzetlin 1991).

For fixation, animals were kept for a few hours
in Petri-dishes with clean sea-water, then fixed
with 2.5% glutaraldehyde, buffered with 0.2 M
Na-cacodylat buffer (pH 7.2-7.4) with 0.131 g
sucrose per | mL of solution (1 hr) and postfixed
with 1% osmium-tetraoxide with the same buffer.
For TEM, fixed specimens were dehydrated in the
ethanol series and acetone and embedded in Epon.
Semi-thin sections produced with glass knives on
a Dupont Ultracut microtome were stained with
1% toluidine blue. Ultrathin sections for TEM
were obtained on a LKB-3 Ultracut microtome
with diamond knife, stained in lead citrate and
uranylacetate and then examined with a JEM-
100b transmission electron microscope.

Results

Micronerilla brevis

There are two types of bacteria associated with
this form: type 1 were present in specialized epi-
dermal cells, here termed bacteriocytes (Fig. 1A).
The bacteria were 1.0 um long and ca. 0.25 pm
across, with a gram-negative cell wall, and were
restricted to large vacuoles here termed bacterio-
phorous vacuoles (BV) (Fig. 1A). Bacteriocytes
occupy about 40% of the body surface. The mem-
brane of the BV is typical and displays no addi-
tional structures (such as blebs, etc.). The BV were
abundantly penetrated by irregular cytoplasmic
extensions. The bacteria are surrounded by the
membrane of BV and cytoplasm of the bacterio-
cyte can be seen on the border of the extensions
(Fig. 1A), possibly reflecting different stages of
endocytosis. In addition, cytoplasmic extensions
containing electron-dense bodies about 1 pym in
diameter with myelin-like structures were found
(Fig. 1A). In the cytoplasm of the bacteriocytes



58 A.B. Tzetlin and M.V.Saphonov

Fig. 3. Trochonerilla mobilis. Distribution of the bacteriophorous vacuoles: A. Transverse section through the middle part
of the body. B. Parasagittal section, sheme after TEM reconstruction. More dense lining — bacteriophorous vacuoles. Scale

— 50 pm.

only a few small mitochondria, and a poorly de-
veloped endoplasmic reticulum were observed. All
bacteriocytes are anucleate.

Micronerilla brevis has several types of epider-
mal cells: glandular cells, sensory cells, ciliated
cells forming the cilia rings around thesetigers and
the neurotroch; bacteriocytes; and small non-spe-
cialized epidermal cells about 5 to 7 pm long and
located close to the bacteriocytes. Bacteria type 2
(Fig. 2A, B) found in the basal layer of the cuticle
of epidermal cells are almost of the same size as
intraepithelial ones (0.9-0.8 pm x 0.25-0.3 pm)
and have gram-negative cell wall. Whether the two
types of bacteria, from the epidermis and cuticle
represent distinct species or two different life cy-
cles stages remains unclear.

Trochonerilla mobilis

Morphology and localization of bacteria in the
epidermal cells (bacteriocytes) of Trochonerilla
mobilis are similar to those of Micronerilla brevis
(Fig. 3A, B). The bacteria were observed in large
vacuoles of anucleate bacteriocytes (Fig. 1B).
Small non-specialized epidermal cells were also
present near the bacteriocytes. The distribution of
bacteriocytes is shown in Fig. 3A, B. Cytoplasmic
extensions, penetrating BV, are less developed in
comparison to those in Micronerilla brevis, but
basically very similar to the latter and also contain
electron-dense residual bodies with myelin-like
structures (Fig. 1B). Bacteriocytes in T. mobilis
cover 30-40% of the body surface, like in Micro-

nerilla brevis. Bacteria were detected in the epider-
mal cells of all studied stages of the life-cycle:
adults, juveniles and even embryos within the egg-
cocoons (Fig. 2C). Bacteria were not observed in
oocytes within bodies of adult nerillids.

Discussion

The finding of symbiotic bacteria in the epider-
mal cells of nerillids extends the list of bacterial
symbionts found in the Annelida, being the first
record of symbiotic bacteria in the order Nerillida.
Both M. brevis and T. mobilis have the very spe-
cialized bacteriocytes with large bacteriophorous
vacuoles and without nuclei. Small cells close to
the bacteriocytes of T. mobilis and M. brevis are
probably involved in the bacteriocyte differentia-
tion. BV are very large and contain numerous
cytoplasmic extensions penetrating the inner
space of the vacuoles. The extensions harbor elec-
tron-dense bodies ca. | pm in diameter with mye-
lin-like structures. According to de Burgh and
Singla (1984), and Fisher and Childress (1992),
such particles in the cytoplasm of bacteriocytes
are the residual bodies of the lysosomes, and their
presence suggests that epidermal cells exhibit in-
tracellular digestion (endocytosis) of bacteria.
This implies the energy nature of the symbiosis
between bacteria and nerillids in both cases. All
studied specimens of M. brevis and T. mobilis had
symbiotic bacteria in the epidermal cells. The dis-
covery of bacteria in adults, juveniles, and em-
bryos and the presence of highly specialized bac-
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teriocytes in both species suggest that the symbio-
sis (in the broad sense of this term) is obligatory.

Pathogenic bacteria causing epidermal lesions
in spionids Polydora nuchalis and Scolelepis macu-
lata were found in large oval vacuoles of the epi-
dermal cells (Douglass and Jones 1991). In this
case the vacuole membrane bears a system of blebs
with no evidence of endocytosis. Chemoautotro-
phic bacterial symbionts in the epidermal cells
have been found in the gills of several bivalves and
limpets from hydrothermal vents (Southward
1986, de Burgh and Singla 1984, Galchenko et al.
1988, Fisher 1990, Fisher and Childress 1992). In
those cases the proximal part of the gill bacterio-
cytes contained numerous small spherical vacu-
oles with a few bacteria, the basal parts holding
nuclei, lysosomes and residual bodies. As our data
show, both species, T. mobilis and M. brevis, in-
habit biotopes with sufficient oxygen. We have no
data on the physiology of symbionts, in particular
on their oxygen demands. Possibly they are not

chemoautotrophic (as in the phallodrilins or Ves-
timentifera) but utilize dissolved organic matter
from the pore water.

In those few nerillids studied with TEM: Ner-
illa antennata, N. jouinae, Nerillidium troglochae-
toides and Mesonerilla intermedia (Fransen 1983,
Purschke 1985, Tzetlin et al. 1992), bacteria were
not found. The question remains whether Nerilli-
dae without symbiotic bacteria differ in their life
style from the above-described species.
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Haxoaka BHYTPHK/IETOYHBIX 0aKTepHAJbHBIX CHMOHOHTOB
y Nerillidae (Annelida: Polychaeta).

A.B. lleraun, M.B. Cadonosn

Kagedpa 3o00n02uu 6ecnoszeonounsvix u
Kenomopckaa Buonozuueckaa Cmanyus,
Buonozuueckuti gpaxynomem,

Mockosckuili 20cydapcmeéeHHblll yHUSepcumem
um. M.B.JIomonocosa,

Mockea, 119899, Poccus

PE3IOME. Cumbuotnyeckue OakTepuu OblIM HalOeHbl B 3MHAEPMalbHbIX
KIeTKkax OBYX npeactaBuTeneii cemeiictBa Nerillidae (Polychaeta Annelida), Bce
NpeACTAaBUTENIH KOTOPOr0 OTHOCATCA K Meio6eHTocy 1 0OUTalOT B HHTEpCTHLIHATH
HJIH B MOBEPXHOCTHOM CJIO€ MATKHX OCalkoB. bakTepuu oOHapyXeHbl B CHIBHO
cneyManU3MpOBaHHBIX IMUAEPMaNbHBIX KieTkax — 6aktepuountax — y Trocho-
nerilla mobilis (u3 Mopckoro aksapuyMa B MockBe) U Micronerilla brevis u3s
cybnutopanu Benoro Mops. 3penbie 6akTepHoOUUTHl Y 0O0OUX BUIOB HEPUIUIHI HE
HMEIOT Aep M COINEepXaT KpYyNHble BAKyONIH C MHOTOYHUCJIEHHbIMH OaKTepHUSMH.
3TH BaKyoJM MPOHW3aHbl LUTOMIA3MaTHYECKUMH BBIPOCTAaMH, B KOTOPBIX Y
060MX BHUAOB OOHapyXXeHbl MHEJIHHONONOOHbIE CTPYKTYPbI, ABJIAIOLINECS PE3UIM-
anbHBIMM TenaMu nu3ocoM. Hanuuue pe3uauanbHbIX Tesl JIM30COM B LIMTOMIA3-
Me OaKTEpHOLHTOB CBHIETENbCTBYET O BHYTPHUKJIETOYHOM MNepeBapHBaHUM Oak-
Tepuii (3HIOLMTO3€). DTO MO3BOJIAET MpeAnonaraTb IHEPreTHYECKYI0 NpUpOLY
CMMOHMOTHYECKHX OTHOWIEHHH Mexay OakTepHsAMH M Xo3seBaMH y 00OHMX BHIOB.
Hanuuue GakTepuii y BCeX HUCCIENOBaHHBIX 3K3EMMJIAPOB B3POCIbIX, FOBEHUIIEH H
3MOPHOHOB, a TaK)Xe BbICOKOCMELHATH3HPOBaHHbIe 6AKTEPHOLUUTHI, 0OHApYXeH-
Hble B 3nuaepMHce Y o6OMUX BHUIOB, JAalOT OCHOBaHHE MpeANoOJiaraTh, YTO CHM-
6no3 GakTepuil M yepBed HocuT obauraTHeid xapaktep. [Iomumo sToro, y Mic-
ronerilla brevis obHapyxeHbl cumOuoTHdeckue OGakTepun B 6a3zanbHOM clo€ Ky-
THKYJbl. BakTepHanbHble KIETKH B KyTHKYJIe MO CTPOEHHIO CXOIHBI C TaKOBBIMH
B GakTepuouuTax. ABNAIOTCS MU 9TH ABa TUNa OakTepuil pa3sNUYHBIMH BHIAMH,
HJIM Xe 3TO OBE pa3jMyHble CTaJAHH XHU3IHEHHOrOo LHKkIa GakTepuil — He BbIsfc-
HeHo. CumbuoTHueckue 6aktepuu BrepBbie Haipens! y Nerillidae. K HacTosLLe-
My BpeMeHHM Ha 3JIEKTPOHHO-MHUKPOCKOMHYECKOM YPOBHE H3YUYEHO €lle HECKOJIb-
KO BHUJIOB CeMEHCTBA, KOTOpPbIE, HACKOJBKO 3TO HU3BECTHO, TakxXe kak I. mobilis
U M. brevis o6UTaIOT B XOPOLIO a3pHPOBAHHBIX HHTPECTHLIMAX TPAaBUA U PaKYLIH,
OMHAaKO He UMelT OakTepHanbHbIX CHMOHMOHTOB.



