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Ultrastructural study of the osphradia in Polyplacophora
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ABSTRACT: The investigation of ultrastructure of osphradia in ten polyplacophoran
species from suborders Acanthochitonina and Chitonina revealed a number of similar,
primitive structures. In all specimens, each osphradium resembles a more or less isolated
shaft or fold of specialized single-layered epithelium located in the mantle cavity immedi-
ately behind the last pair of gills. Ciliated, microvilliferous, and secretory supporting cells,
as well as peripheral processes of receptor cells with several cilia forming the receptor
surface of the osphradium were discovered. On the osphradial surface, there is no division
into zones, which are characteristic of the osphradia in the gastropods. It is undoubtedly the
organ of the chemical sense, performing the initial role of the interoreceptor and reacting
to a change in the physico-chemical characteristics of the fluid in the mantle cavity (O,, pH,
osmolarity, etc.). Perhaps, osphradium acts as a distant chemoreceptor in complex behav-
ioral acts, such as homing. However, due to the large plasticity of the molluscs, it is possible
to form other sensory structures, which, especially in primitive groups (for example:
Lepidopleurida), can partially perform the osphrasdial functions. If we take into account the
absence of osphradia and the presence of numerous parts of sensory epithelium in the mantle
cavity of the most primitive forms of chitons belonging to the order of Lepidopleurida, then
probably osphradia in the more advanced chitons, the Chitonida order, as an independently
developed organ, possibly not homologous to the osphradia of other molluscs (Gastropoda,
Bivalvia and some Cephalopoda).
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CTpOeHHs. Y 3THUX JXMBOTHBIX oc(paauu 1o (opMe HalOMHHAIOT Oojiee MM MEHee
000COOJICHHBIN BalIMK WMJIM CKJIAAKY CIICLHAIM3UPOBAHHOIO OIHOCIOHHOTO STHTEIHS,
PACIIOJIOKEHHBIN B MAHTHITHOM MMOJIOCTH HEIIOCPEICTBCHHO 3a MOCICIHEH mapoi sxaop.
PenenitopHast moBepxHOCTh ocpaaneB oOpa3oBaHa MeplaTeIbHBIMUA, MUKPOBOPCHHYA-
THIMH, CEKPETOPHBIMH OMOPHBIMU KJICTKAMH, a TaKkKe Mepru(epUuecKuMU OTPOCTKAMH
HMHTPadIUTENNATILHBIX PEIIENTOPHBIX KIETOK C HECKOJIBKUMU LmsiMu. Ha ocdpanunains-
HOW IOBEPXHOCTH HE OOHAPY)KEHO pa3JielieHHss Ha 30HbI, CBOMCTBEHHOE ochpaausM
Bproxonorux. OjHako 0OHapy>KEHHBIN eIMHBIN I1aH CTPOCHHUS 0C(hpaguaTbHBIX OPraHOB
TOBOPHUT 00 OTHOCHUTEIEHOM IBOJIIOLMOHHOM KOHCEPBATHU3ME ITOTO NPU3HAKa, B OCHOBE
KOTOPOTO JIE)KAT MEXaHU3MbI PYHKIIMOHUPOBaHUs ocpaius, Kak ceHCOpHOTO oprana. OH
0ecCIIOpHO SIBIISICTCS. OPraHOM XMMHYECKOTO YyBCTBA, BBIMOJHSIONIMM HCXOJHO POJIb
HMHTEpOpEIenTopa ¥ pearnpyroliuM Ha U3MEHEHNE (PU3NKO-XUMHYECKUX XapaKTEePUCTHK
KUIKOCTH B MaHTHiHO#H mosoctr (O, pH, ocMomsipHocTh 1 T.1.). BosMoxHO, OH Kak
JIMCTAHTHBIA XEMOPEIENTOP YYacTBYeT B CIOKHBIX MOBEICHYCCKHX aKTaX, TAKUX Kak
xoMuHT. OJTHaKO, B CHITY OOJIBIION MJIACTHYHOCTH MOJUTIOCKOB, BO3MOKHO ()OPMUPOBaHHE
U IPYTHUX CEHCOPHBIX CTPYKTYP, KOTOPBIC 0COOCHHO y IPUMHUTUBHBIX TPYIIIT (Ha MpUMeEp:
Lepidopleurida) MmoryT yacTH4HO BBINOJIHSTE ochpaauanbHble GyHKIUK. Ecian mpuHsITh
BO BHHMMAaHHUE TIOJIHOE OTCYTCTBHE Ooc(pajuisi U HAIMYNE MHOT'OYHCICHHBIX YYaCTKOB
CEHCOPHOTO JITUTENNS B MAHTHHHOM MOJIOCTH Y HanboJjiee MPUMUTHBHBIX ()OPM XHTOHOB,
npuHaAIexKanmx K otpsaay Lepidopleurida, To, BeposiTHO, ochpanuii y Oosiee MpoaBHHY-
TBIX XUTOHOB, oTpsina Chitonida, cienyer paccmaTpuBaTh Kak HE3aBHCUMO Pa3BUTHIN
Opras, BO3MOXKHO HE TOMOJIOTHYHBIH ochpaiusiM 1pyrux MosutrockoB (Gastropoda, Bivalvia
u HekoTopbix Cephalopoda).

Kak nurtuposats 5Ty crareio: Kamardin N.N., Sirenko B.I. 2017. Ultrastructural study of
the osphradia in Polyplacophora // Invert. Zool. Vol.14. No.2. P.140-147. doi: 10.15298/
invertzool.14.2.07
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Introduction

Evolutional and systematic relations between
separate groups inside of Molluscs have not
been finally determined so far (Giribetetal.,
2006; Salvini-Plawen, Steiner, 2014), partly
due to absence of stable morphological indica-
tors, partly due to high functional plasticity of
the latter. Using TEM methods, sensory organs
of some Polyplacophora were studied by G.
Haszprunar (1987). Along with the canonical
location of osphradia behind the last pair of gills
(Fig. 1), he described other sensory structures
on lateral surfaces of the mantle cavity at the
base of gills and on the gills. This made some
authors suppose that osphradium is nota homol-
ogous structure either within the class or within

the type of Molluscs overall (Sigwart et al.,
2014). Our study is devoted to morphology and
ultrastructure of osphradia organs of 10 species
of Polyplacophora and attempts find possible
differences between them.

Material and methods

10 species of chitons were used in the work:
Ischnochiton hakodadensis Pilsbry, 1892 (Sea
of Japan, Vostok Bay), Stenosemus albus (Lin-
naeus, 1767) (Barents Sea, Dalniye Zelentsy),
Acanthopleura brevispinosa (G.B. Sowerbyll,
1840) (Madagascar), Tonicella marmorea (Fab-
ricius, 1780) (Norwegian Sea, Tromse, 7. sub-
marmorea (Middendorff, 1847) (Commander
Islands), Spongioradsia aleutica (Dall, 1878)
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Fig. 1. Schematic structure of chiton (Chitonida);
ventral view. Abbreviations: ap — anal papilla; ct —
ctenidium; f — foot; os — ophradium; h — head.
Scale bars 500 pm.

Puc. 1. Cxema crpoenns xutona (Chitonida) Bux ¢
OpromrHoi cTopoHbl. O003HAYEHVISI: ap — aHAIbHAS
nmanmuia; ct — KreHuauii; f — Hora; os — ocdpa-
nuit; h — romosa. Macmirad 500 MkM.

(Commander Islands), Micichiton grandispina
Sirenko, 1975 (Commander Islands), Nanichi-
ton deplanatus Sirenko, 1975 (Commander Is-
lands), Schizoplax brandtii (Middendorft, 1847)
(Commander Islands) and Acanthochitona ru-
brolineata (Lischke, 1873) (Sea of Japan, Posy-
et Bay).

These specimens were studied by traditional
methods of scanning (SEM) and transmission
(TEM) electron microscopy. Methodological
techniques, which were invented earlier for study
of osphradia in Gastropoda (Kamardin, Nozd-
rachev, 2004), were used for identification of
sensory organs and receptor cells.

Results and discussion

Ischnochiton hakodadensis, Stenosemu
salbu (Chitonida — Chitonina — Ischnochi-
tonidae)

The order Chitonida is considered evolu-
tionally advanced, and its representatives have
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progressive features of the structure of radula,
egg membranes and location of gills (Sirenko,
1993). Early works of L. Plate (Plate, 1899)
described pigmented combs located between
the last pair of gills and the anal papilla. The
paired osphradium have in the form of small
shaft lying behind the last pair of gills, closer to
the internal wall of the mantle fissure (Fig. 1).
The osphradium surface of Stenosemus albus is
not divided into zones. It is formed by special-
ized single-layered epithelium consisting of
microvilli, ciliated and secretory supporting cells
(Fig. 2B, C, D). Secretory cells often have a big
vacuole, which is filled with homogeneous se-
cretion and is well visible on the fissures of
preparations (Fig. 2D). Receptor cells have a
bipolar form with a well differentiated axon
(Fig. 3A, B, D). At the same time, insufficient
differentiation of the peripheral process and the
intraepithelial location of receptor cells indi-
cate the primitive structure of osphradium. Sat-
uration with organoides, typical for peripheral
processes of the gastropods, was not revealed in
peripheral processes of receptor cells of ospra-
dium of Stenosemus albus, which differ from
supporting cells by more electron-light cyto-
plasm (Fig. 4A, B). There are not many small
roundish mitochondria and cisterns of smooth
endoplasmic reticulum and longitudinally ori-
entated microtubules here. The apical surface is
provided with microvilli of the usual length (up
to 2.0 um) and one or two cilia (Figs 2B, 4A, C).
Cytoplasm of ciliated supporting cells has mi-
tochondria, ribosomes; it is rich in glycogen
granules and pigmental inclusions of up to 1.0
pm in diameter (Fig. 4B, C). One cell has up to
120 cilia on the average (Fig. 4D).

Acanthopleura brevispinosa (Chitonida —
Chitonina — Chitonidae)

The paired osphradium of'the large chiton of
Acanthopleura brevispinosa reaching 10 cm is
located near the anal papilla and has the shape of
a fold or a shaft, which has reached 6—8 mm in
length and up to 2 mm in diameter. Neither
regular folds, nor definite zoning of location of
cellular elements were revealed on the osphra-
dium surface. Short (1.0-3.0 pum) cilia of recep-



Ultrastructural study of the osphradia in Polyplacophora 143

Fig. 2. General view and cellular organization of Chitonina osphradia, SEM. A — general view of the caudal
part of the mantle grove of Ischnochiton hakodadensis. B — ciliary structures on the osphradial surface of
Stenosemus albus. C—D — cellular structures of the osphradial epithelium Stenosemus albus. Clearly visible
ciliary and secretory cells, which is filled with mucus.

Abbreviations: cc — ciliated cell; ct — ctenidium; me — secretory cell; ose — apical surface of osphradial epithelium;
sc — sensitive cilia; sp — supporting cell. Other abbreviations as in Fig. 1. Scale bars: A — 300 pm; B — 15 um;
C—20 um; D — 22 um.

Puc. 2. O6umit BU 1 KIeTOUHAs OpraHu3alys ocdpaaueB xuToHoB 1/otpsaa Chitonina, COM. A — oOmmuit
BUJI KayAalbHOM YacTH MaHTHIHOM 60po3bl Ischnochiton hakodadensis. B — nunuapHbie CTPYKTYpPbI Ha
ochpaananbHON moBepxHOCTH Stenosemus albus. C—D — KIeTOYHBIE CTPYKTYPBI OC(paraIbHOTO INTE-
s Stenosemus albus. XOpoIo BUAHBI PECHUYHBIE W CEKPETOPHBIE KJIETKU 3aII0JTHEHHbIE CIIN3BIO0.
O003HaYeHUs: MC — CEKPETOPHAs KJIETKa; CC — PECHUYHAs KJIETKA; 0S€ — alMKallbHask TOBEPXHOCTh 0C(HPaaUAILHOTO
SMIUTEIUSA; SC — YYBCTBUTCIIbHBIC PECHUYKH, SPp — OIIOpHAas KJICTKa. OcransHble 0003HaYEHUs KaK Ha puc. 1. Macura6:
A — 300 mxm; B — 15 mrM; C — 20 Mxm; D — 22 MM
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Fig. 3. General view and cellular organization of chiton osphradia, SEM. A — fine structure of the osphradial
epithelium Ischnochiton hakodadensis, support and receptor cells are visible. B — small bipolar receptor
cells with well differentiated axons. C — general view of the osphradia of Acanthochitona rubrolineata. D —
group of sensory cells, the axons of which are directed to the basal membrane.

Abbreviations: ax — axon; ap — anal papilla; bm — basal membrane. Scale bars: A — 10 pm; B — 12.5 um; C — 80
pm; D — 15 um.

Puc. 3. OOmmii BUA W KIIETOYHAs opranusanus ocpamueB xutoHoB, COM. A — TOHKOE CTpOCHHE
ochpanuansHoro snutenus Ischnochiton hakodadensis. BumHbl OMOpPHBIC U PEIETITOPHbBIC KICTKA. B —
BUJIHBI MEJIKUE OWITOJISIPHBIE PELENTOPHBIE KIETKH ¢ XOpoIno audQepeHinpoBaHHbiM akconoM. C —
obmwmii Bua ocohpanust Acanthochitona rubrolineata. D —xopomo 3aMeTHbI 0OBEIHHEHHBIE B TPYIIIBI
YyBCTBUTEJIbHBIE KIETKH, aKCOHBI KOTOPBIX HANPABISIOTCS K 0a3aibHOM MeMOpaHe.

O0o3HayeHUs: aXx — aKCOH; ap — aHaJibHas nanuwuia; bm — 6azanpHas MemOpaHa. OcTanbHble 0003HAUCHHUS KaK Ha
puc. 1. Macmra6: A — 10 mxm; B — 12,5 mxm; C — 80 mxm; D — 15 MM
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Fig.4. Details of the fine structure of Stenosemus albus, TEM. A — transverse section of osphradium with
supporting cells and peripheral processes of receptor cells. B— apical region of ciliary supporting cell. C —
peripheral processes of the receptor cell isolated by supporting cell with pigment granules. D — transverse
section of cilia belonging to one supporting ciliary cell.

Abbreviations: ¢ — cilium; mv — microvilli; pg — pigment granules; sep — peripheral process of the receptor cell. Scale
bars: A— 10 um; B — 2.5 um; C — 1.2 pm; D — 1.0 pm.

Puc.4. Jleranu ToHKOTO CTpoeHust ocpanues Stenosemus albus o nanasiM TEM. A — nonepednslii cpe3
ochpaans ¢ OIOPHBIMHU KJIETKaMH U epH(epUueCKUMH OTPOCTKAMH PEIIENTOPHBIX KIETOK. B — amukanb-
Hast 00J1aCTh pECHHYHOM ONMOpHOH KieTKH. C — XOpOoIIo BUieH neprdepruueckuii OTPOCTOK PelenTOPHOM
KJIETKH H30JIMPOBAHHBIN OMOPHBIMHU C IUTMEHTHBIMH TpaHyjlaMd. D — MonepedHslil cpe3 pecHUUYeK
MIPUHAJISHKAIIUX OJHON OMOPHON PECHUYHOMN KIIETKE.

O003HaYeHNS: ¢ — PECHUUKA; MV — MHKPOBOPCHHKH; P — IMUTMEHTHBIC TPAHYJIbL; Sep — IepUPEPUISCKUI OTPOCTOK
peuenTopHoi kietku. Macmrad: A — 10 mxm; B — 2,5 mxm; C — 1,2 mxm; D — 1,0 MM,
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tor cells and tufts of longer (up to 10.0 um) cilia
belonging to supporting cells rise above the
organ formed by microvilli of supporting cells.

Tonicella marmorea, Tonicella submar-
morea (Chitonida— Acanthochitonina—Toni-
cellidae)

Representatives of the suborder of Acantho-
chitonina are united by the abanal location of
gills and large and rare appendages of second-
ary egg membrane. These structures have more
significance in taxonomy than the previously
utilized signs using shell plates (Sirenko, 1993).
The paired osphradium of Tonicella marmorea
and 7. submarmorea are located near the anal
papilla and have the shape of small shaft with
the length of 1.2 mm and the diameter of about
100 um. The osphradium shaft surface is orga-
nized in the same way as the osphradium surface
of Acanthopleura. No zoning of location of
cellular elements was detected on it. Receptor
cells differ from supporting ones by more elec-
tron-light cytoplasm and a small nucleus of a
roundish shape. The distal part of the peripheral
process is marked by the characteristic mace-
like dilation with microvilli and one to three
cilia.

Spongioradsia aleutica, Micichiton gran-
dispina, Nanichiton deplanatus, Schizoplax
brandtii (Chitonida — Acanthochitonina —
Tonicellidae)

A small strip of specialized epithelium with
the length of up to 200 um and the width of 60
um, beginning near the base of the last pair of
gills was detected for these species. According
to SEM data, the surface of this structure is
formed by microvilli supporting cells and pe-
ripheral appendices of receptor cells carrying
one to two cilia with the length of up to 10 um.

Thus, three representatives (Spongioradsia
aleutica, Micichiton grandispina, Schizoplax
brandtii) show low degree of differentiation of
osphradia (absence of isolated, developed os-
phradium shaft), but the general plan remains (a
section of specialized epithelium with cells hav-
ing one to two cilia).

N.N. Kamardin, B.I. Sirenko

Acanthochitona rubrolineata (Chitonida —
Acanthochitonina — Acanthochitonidae)

Osphradium of Acanthochitona in the shape
of a shaft with the length of about 300 pm and
the diameter of 70 pm (Fig. 3C) is located
immediately behind the last pair of gills. Its
surface is smooth, and we did not manage to
detectany signs of zoning. However, asecretory
zone and a sensory fissure of Acanthochiton
communis are known (Haszprunar, 1987). The
osphradium is formed by microvilli of support-
ing cells and a small number of receptor cells,
long (up to 6 pm) cilia of which are located
parallel to the surface. One cilium or more
seldom two cilia happen to be on the apical
surface of the receptor cell.

We did not manage to reveal essential differ-
ences in the ultrastructure of osphradia of Acan-
thochitonina and Chitonina, and the existing
likeness in the structure and location of osphra-
dium organs of chitons can be interpreted in
different ways (Table 1). At the same time,
numerous additional, possibly “sensory” for-
mations, on lateral surfaces of the mantle cavity,
in the base of the head lobes and on the tops of
gills of representatives of Lepidopleurida (Sig-
wart et al., 2014) can also partially perform the
osphradium function — analysis of chemical
environmental in the mantle cavity, as it was
stated earlier (Plate, 1901). If we take into
account complete absence of osphradium of
most primitive forms of chitons belonging to the
order of Lepidopleurida (Sigwart et al., 2014),
then probably osphraduim in more advanced
chitons of the order of Chitonida should be
considered as an independently developed or-
gan, possibly not homologous to the osphradia
of other molluscs (Gastropoda, Bivalvia and
some Cephalopoda).

In this respect we agree with the conclusion
of Lindberg and Sigwart (Lindberg, Sigwart,
2015), that it is difficult (due to absence of
certain data, especially for representatives of
Polyplacophora) to assert absence or presence
ofhomology among various structures described
as “osphradium”. However, similar plan of os-
phradia discovered by us for Acanthochitonina
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and Chitonida and detected earlier for Bivalvia
of primitive Gastropoda entitles us at least to
say about similarity of these structures that is
connected with performance of the same
chemosensory function.
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