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MIP-like substance in the brain
of Perinereis nuntia Savigny, 1818 (Polychaeta, Annelida)
detected by immunocytochemistry
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ABSTRACT: Molluscan insulin-like peptides (MIPs) were first identified from the cere-
bral ganglion of a freshwater pulmonate, the snail Lymnaea stagnalis. Recently, MIPs
received considerable attention due to their molecular similarity to insulins of higher taxa
including humans. It has been suggested that MIPs play an important role in the growth and
cell differentiation of peripheral organs of mollusks. The striking similarity between the
embryology of mollusks and polychaetes has long been recognized and supports the view
that polychaetes and mollusks are evolutionarily related. In this study, we used polyclonal
antibodies against the MIP 1 C-chain of L. stagnalis to detect the MIP immunoreactive cells
inthe brain of the locally common polychaete Perinereis nuntia. MIP immunoreactive cells
were detected in the P. nuntia brain by confocal and epifluorescent microscopy. These cells
were located in the periphery and posterior regions of the brain but not in the anterior region.
The cells varied from 10 to 20 um in diameter. Electron microscopic studies of ultra-thin
sections of the P. nuntia brain, labeled by an immuno-gold secondary antibody, confirmed
the presence of MIP-immunoreactive neurons in the brain. MIP-immunoreactive secretory
granules were found in axon terminals, which co-existed with synaptic vesicles in the
neuropile of the brain. The potential functions of MIP-like substances in polychaetes are
discussed.

KEY WORDS: immunocytochemistry, molluscan insulin-like peptides, MIP immunoreac-
tive cells, neurotransmitters.

MIP-nogobHas cyb6cTtaHumMA B Mo3re
Perinereis nuntia Savigny, 1818 (Polychaeta, Annelida)
onpeaeneHa UMMYHOLIMUTOXUMUYECKU
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PE3IOME: UHcynuHO-110100HbIC TenTH 16l MOJUTFOCKOB (MIP) ObLH BIIepBBIC 00HAPYKE-
HbI B IIepeOpaIbHBIX TAHMJIAAX MPECHOBOIHOTO JCTOYHOTO MOJLIFOCKA — IPYIOBHKA
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Lymnaea stagnalis. B nocnennee Bpemst Ha MIP o0paliieHo 3HaYuTeNbHOEe BHUMAHNE H3-
32 UX MOJIEKYJISIPHOTO CXOJICTBA C MHCYJIMHOM BBICIINX *KMBOTHBIX TAKCOHOB BKJIIOYas
yenoseka. IIpeanonaraercsa, yuro MIP urpator BakHy!O POjb B POCTE€ U KIETOUHOMH
muddepeHnuanyy nepudepuuecKux OpraHoB MOJITIOCKOB. bobioe cxo1cTBO B SMOpH-
OJIOTUU MOJUTIOCKOB U TOJMXET OTMEUEHO JaBHO U MOATBEPKIAET UX 3BOIIOIHOHHYIO
Osm30cTh. B TaHHOM HCClIeIOBAaHUU MBI HCIIOJIB30BAIIHN MTOJIMKJIOHAIBHBIC aHTHTEJIA [TPO-
B MIP1C-1ienouxu L. stagnalis nnst o6HapysxeHuss MIP-4yBCTBUTETBHBIX KIIETOK MO3Ta
Perinereis nuntia. MIP-ayBCTBUTEIBHBIC KJIICTKU OBLTH OOHAPYKCHBI B MO3Te P. nuntia ¢
MIOMOII[bIO KOH(OKAIBEHOU M 31N (ITyOpPECIIEHTHONH MUKPOCKOITUH. DTH KJIETKH pacroJjiara-
I0TCSl B IepU(epruecKoil U 3aJHel 001acTsIX MO3ra, HO OTCYTCTBYIOT B €r0 IepeaHen
oOmactu. luametp kietok Bapbupyer oT 10 10 20 MKM. DIIEKTPOHHOMHUKPOCKOITUIECKOE
HCCIJIEJIOBAHNE YIBTPATOHKUX CPE30B MO3ra P. nuntia ME4eHbIX 30JI0TO-UMMYHHBIX BTO-
PUYHBIX aHTUTEN OATBEpANIIO Hannuue MIP-uyBcTBUTENBHBIX HEHPOHOB B Mo3re. MIP-
YyBCTBHUTEJIbHBIC CEKPETOPHBIE I'PaHYJIbI ObLIM OOHApY)KEHbI B OKOHYAHUSIX aKCOHOB
PSIOM C CHHANTHYECKMMHU BE3UKYJIaMH B Helporuiie Mo3ra. O0CyKIatoTcsi BO3MOXKHBIE
¢ynkuun MIP-110100HBIX BEILIECTB B MOJIUXETAX.

KJITOUEBBIE CJIOBA: MMMYHOUMTOXUMHUSI, HHCYJIHMHO-ITOJOOHBIE METTHIbI MOJUTIOC-

K0B, MIP-uyBCTBUTEIBHBIEC KIIETKH, HEUPOTPAHCMUTTEPHL.

Introduction

Substances used as neurotransmitters be-
long to three distinct families: amines, purines
and peptides. Often called classical or small
molecule transmitters, the members of the amine
family include acetylcholine, amino acids and
other substances derived from common amino
acids that are synthesized through a few enzy-
matic steps. All of these transmitters are pro-
duced in the cytosol of nerve endings and then
taken up into vesicles for release when the
neuron is stimulated (Froesch et al., 1985).

The family of neuropeptides includes opio-
ids, neurohypophyseal tachykinins, secretins,
pancreatic polypeptide related gastrins, and in-
sulins (Schwartz, 2001). Insulin itself is in-
volved in the regulation of normal glucose ho-
meostasis, as well as in other specific physio-
logical functions. It is synthesized as a propep-
tide from which an endoplasmatic reticulum-
targeting sequence is cleaved to yield proinsu-
lin. Proinsulin contains the regions A and B and
is separated by an intervening connecting re-
gion, C. The connecting region is cleaved, liber-
ating an active protein, which contains the A and
B chains, and held together by 2 disulphide

bonds (Girbau et al., 1987). Molluscan insulin-
related peptides 1 to 5 (MIP) are evolutionarily
related to insulin; relaxin; insulin-like growth
factors I and II; mammalian Leydig cell-specif-
ic insulin-like peptides (ELIP) (gene INSL4);
insect prothoracicotropic hormones (bombyx-
in); locust insulin-related peptides (LIRP); and
insulin-like peptides. Structurally, all these pep-
tides consist of two polypeptide chains (A and
B) linked by two disulphide bonds. They all
share a conserved arrangement of four cysteines
in their A chain. The first of these cysteines is
linked by a disulphide bond to the third one and
the second and fourth cysteines are linked by
interchain disulphide bonds to cysteines in the B
chain (Smit et al., 1991).

The molluscan insulin-related peptide (MIP)
was first identified and sequenced from light
green cells in the cerebral ganglion of the fresh-
water snail, Lymnaea stagnalis (Smit et al.,
1988; Li et al., 1992). Since then, considerable
attention has been given to MIPs because of
their structural similarities to mammalian insu-
lin. After the first MIP and its gene were se-
quenced, MIP II, I11, and V have been identified
(Smit et al., 1991; Smit et al., 1993, 1998; Li,
Geraerts, 1992). At the same time, MIP-immu-
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noreactivities were detected in other molluscs
(Sonetti et al., 1992; Chang et al., 2000). A
physiological function of MIPs as growth hor-
mones was hypothesized. Besides bombyxins
from the lepidopteran Bombyx mori (Kawakami
etal., 1989) and a locust insulin-related peptide
(LIRP) from Locusta migratoria and other in-
sects (Laqueux et al., 1990), MIPs are the third
member of the insulin superfamily which have
been structurally identified in invertebrates (Ru-
sakov et al., 2003). Insulin-like peptides occur
in geologically old invertebrate lineages and are
suggested to have evolved to mammalian insu-
lins and insulin-like growth factors (IGFs).

Some molluscan neuropeptides, e.g. the so-
dium influx stimulating peptide (SISP) and
FMRFamide from several molluscan species,
were detected in the nereid nervous system as
well (Krajniak, Price, 1990; Guissi-Kadri etal.,
1991; Dugimout et al., 1992; Krajniak, Green-
berg, 1992). Insulin immunoreactive neurofi-
bers were detected in the peduncles of the cor-
pora pedunculata of Nereis virens, but no im-
munoreactive perikaryas were found (Porchet,
Dhainaut-Courtois, 1988). Polychactes are
among the geologically oldest invertebrate tax-
on where insulin-immunoreactivities have been
reported (Porchet, Dhainaut-Courtois, 1988).
The aim of this work is to investigate the pres-
ence of a molluscan insulin-related peptide in
Perinereis nuntia Savigny 1818, and to discuss
the possible function of this peptide in polycha-
etes. This is achieved using confocal laser scan-
ning microscopy on whole mount nereid brains;
epifluorescent microscopy on paraffin sections
and immunotransmission electron microscopy
on ultra-thin sections.

The most remarkable feature of the cerebral
ganglion in several families of errant polycha-
etes (also in the sedentary Serpulidae) accord-
ingto Golding (1992) is the presence of corpora
pedunculata, i.e., stalked bodies, resembling
those of arthropods. They are composed of
myriads of tiny neuronal somata, globuli cells,
aggregated into compact bodies that contain
little glia and whose stalks are composed of
bundles of aligned axons. The number present
varies with species. Nephtys species have dis-

tinct clusters of globuli cells, but these lack
stalks (Clark, 1958). Similarly, compact bodies
of'small primary or secondary sensory cells may
be formed in other regions of the brain and send
fibers to specialized areas of the glomerular
neuropil.

Materials and Methods

Experimental invertebrates and chem-

icals

Perinereis nuntia (Polychaeta, Nereidae)
was collected offthe coast of Qingdao (36°04'N,
120°22’E), China and maintained in aquaria,
where the seawater in the aquarium was aerated,
recycled with a submerged water pump and
replenished every week. Seawater was main-
tained at room temperature (25°C). Only those
individuals that had not metamorphosed to het-
eronereids were used for experimentation.

A polyclonal antibody against the C-chain
of MIP1 was obtained from Professor A.B. Smit
(Vrije University Netherlands, Amsterdam). A
rhodamine conjugated secondary antibody
against rabbit [gG was purchased from Calbio-
chem-Novabiochem Corporation. Other immu-
nocytochemicals and reagents were obtained
from Sigma Chemical Company. Details about
the purification, epitope, immunogen and previ-
ous characterization of the antibody are refer-
enced by this company.

Immunocytochemical detection in

paraffin sections

Brains of P. nuntia were dissected and fixed
in 4% formaldehyde in phosphate buffered sa-
line PBS for 4 h (pH=7.4). Brains were then
dehydrated in serial dilutions of ethanol (30%,
50%, 70%, 80%, 90%, 100% for 10 minutes at
each dilution) and embedded in paraffin. Paraf-
fin sections of 6 um were attached to poly-lysine
coated coverslips, and then deparaffined and
rehydrated. Subsequently, the sections were in-
cubated in 20 mM sodium borohydride in PBS
for 10 min and blocked with 5% bovine serum
albumin (BSA) in PBS for 30 min. Normal
rabbit serum was used instead of the primary
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antibody as a negative control. After blocking,
the sections were incubated in diluted 1:250
MIP polyclonal antibody for 45 min at 37°C.
Afterrinsing in PBS, the sections were incubat-
ed in 1:100 secondary antibody against rabbit
IgG conjugated with rhodamine at 37°C for 45
min. Sections were rinsed in PBS and mounted
in 1:1 glycerol/PBS before observation by epi-
fluorescence microscopy.

Confocal microscopy on whole
mounted brains

Prefixed brains of Perinereis nuntia were
rinsed in PBS, and then subjected to a series of
ethanol dilutions for 10 min (as above). In 100%
ethanol, 3% hydrogen peroxide was added to
reduce nonspecific staining. Brains were incu-
bated in Img/ml collagenase in PBS (5 min).
Each brain was manually desheathed with fine
forceps under the dissecting microscope. Brains
were then rinsed in 0.1% triton x-100 in PBS
(PBS-x) and preblocked in 5% BSA in PBS-x
for 3 h. After blocking, brains were incubated in
diluted 1:250 primary antibody against MIP in
PBS-x overnight at 4°C. Normal rabbit serum
was used asanegative control. After being rinsed
in PBS-x for 12 h at 4°C with at least 5 changes,
each brain was incubated overnight at 4°C in
diluted secondary antibody (1:100 in PBS-x),
similar to the paraffin section immunostaining
experiment. After being rinsed in PBS-x, brains

were mounted ina depressionslidein 1:1 glycer-
ol/PBS and observed under the confocal laser
scanning microscope (Biorad MRC-600).

Immunocytochemistry on ultrathin
sections

Perinereis nuntia brains were fixed in 1%
glutaraldehyde which was diluted in 50 mM
sodium cacodylate buffer (pH 7.4) for  honice,
and postfixed in 1% osmium tetroxide in the
same buffer for 1 h. After rinsing, brains were
dehydrated in ethanol and embedded in epoxy
resin. Ultra thin sections of 60 nm were mount-
ed on uncoated nickel grids. The sections were
etched in 1% sodium metaperiodate for 10 min
at room temperature, then rinsed in distilled
water, preblocked in PBS containing 0.1% BSA
and 50 mM lysine for 15 min. Subsequently,
they were incubated in 1:80 MIP antibody in
0.1% BSA/PBS overnight at 4°C. Then, the
sections were rinsed in PBS containing 0.1%
BSA for 20 min and incubated for 1 h in 1:50
goatanti-rabbit [gG antibody conjugated with 5
nm gold particles at room temperature. The
sections were rinsed in 0.1% BSA/PBS and
stained with uranyl acetate for 20 min before
being examined under a Philips CM 120 trans-
mission electron microscope (TEM). For nor-
mal ultrastructural observations the sections
were stained with uranyl acetate for 20 min
before being examined by TEM.

Fig. 1. A — whole mount of a Perinereis nuntia brain stained with 3 pg/ ml DAPI. The brightest parts at the lateral-
anterior regions of the brain are corpora pedunculata (CP) (scale = 100 pg); B — semi-thin sections stained with 3 pg/
ml DAPI show the regularly folded shape of the CP (scale =40 um); C — semi-thin sections stained with 3 pg/ml DAPI
showing the nuclei of the CP cells and that of other neurons (scale = 4 pm); D — TEM micrograph of the CP cells
containing little cytoplasm and many mitochondria: n — nucleus, arrow pointed towards mitochondria (scale = 5 pm);
E— TEM micrograph of corpora pedunculata cells and nerve fibers outside the CP (scale =2 pm); F— TEM micrograph
of a neuron at the posterior region of the brain with a large amount of cytoplasm and numerous granules: n = nucleus,
arrow pointing at granules (scale = 0.5 um). These experiments were performed for three times — the images are derived
from 5 brains.

Puc. 1. A — nenslii npenapat Mosra Perinereis nuntia okpameHHbsiii DAPI (3 mxr/mir). Camble CBETIbIE YaCTH IEpeIHe-
0G0KOBEIX 00acTeit — corpora pedunculata (CP) (macmrad 100 Mxm); B — momytonkue cpesst okpamennasie DAPI (3
MKI/MII) BBISIBIISIIOT paBHOMEPHO n30rHyTyIo hopmy CP (Macmrad 40 Mmxm); C — noryToHKHE cpe3bl okparieHasie DAPI
(3 MKr/MIT) BRIBIAIOT siipa KiteTok CP u apyrux HeifponoB (MacmTab 4 MkM); D — TpaHCMUCCHOHHAS JIEKTPOHHAS
mukpogororpapus xierok CP conepkammx HEMHOrO HUTOINIA3MBI U MHOTO MHTOXOHAPHI: N — SIPO, CTPEIIKU
YKa3bIBaIOT MUTOXOHApUH (MaciTad 2 MKM); E — TpancMuccnoHHas 31eKTpoHHas MEKpodoTorpadus kietox CP u
HEPBHBIX BOJIOKOH cHapy:ku oT CP (macmTab 2 MxMm); F — TpancMuccroHHas 31eKTpoHHast MUKpodoTorpadus HelipoHa
B 3a/IHEH 4aCTH MO3ra ¢ GOJIBIIMM KOJINYECTBOM IUTOILIA3MbI H MHOXKECTBOM rpany I (MaciTab 0,5 MkM). DKCIIepiUMeH-
ThI OBITH IIPOBEJICHEI TPH Pa3a — H300PaKEHHUS ITOIYICHEI OT 5 K3EMILIIPOB.
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DAPI staining

In order to show nerve cell nuclei, whole
mounts of the brain (Fig. 1) and 1 um semithin
epoxy sections of Perinereis nuntia brains were
stained with 1 pg/ml DAPI and observed by
epifluorescence microscopy.

Results

Peculiarities of the Perinereis nuntia
brain

The corpora pedunculata (CP) could easily
be distinguished from other parts of the brain in
DAPI stained whole mounts (Fig. 1A). The
nucelei of SP were stained intensely with DAPI.
CP are located at the latero-anterior regions of
the brain and were much brighter than other
parts of the brain. CP neurons were smaller,
compacted and folded regularly and showed a
distinct overall shape of the CP (Fig. 2B). Neu-
rons of the CP contained numerous mitochon-
dria and few neurosecretory granules. The in-
clusion of CP cells were also different from
those in other parts of the brain. The nerve fibres
coming from the posterior neurons, (may also

In Perinereis nuntia, the CP is located at the
lateral-anterior regions of the brain and can
easily be differentiated from other parts of the
brain by DAPI staining. CP neurons are com-
pact and folded (Fig. 3) while the nerve fibers
from the posterior neurons run through the cen-
ter ofthe CP to form the CP stalk. From the stalk,
the nerve fibers enter the brain to form the
circumoesophageal nerve ring.

The corpora pedunculata show a concave
bilayered primary calyx and exhibit a special
central zone. Globuli cell axons occur within
both layers. The bulbous accessory calyx is
unlayered and sends anterior extensions be-
neath the primary calyx. The main input tracts
into primary and accessory calyx, are the tractus
olfactorio-globularis and tritocerebral tract,
respectively. The pedunculus consists of one
barrel with three major fiber columns, of which
two originate in the primary calyx and one in the
accessory calyx. Its fibers display a coaxial
arrangement, superimposed on the tripartite or-
ganization.

Most ofthe CP cells were similar in size, and
approximately 3 um in diameter. Neurons in
other parts of the brain had diverse sizes of the

nuclei (Fig. 1C).

The inclusion bodies of the CP neurons were
also different from the neurons at the posterior
region. The CP nerve cells contained little cyto-

belong to the CP itself), are leading to the center
of the CP to form the CP stalk. When the nerve
fibres reached out of the brain, they formed
circum-oesophageal nerve rings.

Fig. 2. A — confocal microscopic image of a Perinereis nuntia brain whole mount stained with MIP antibody. Arrows
point at immunoreactive cells and fibers at the posterior region of the brain (scale = 100 pm); B— confocal microscopic
image of a Perinereis nuntia whole mount brain stained with MIP antibody. Arrows point at immunoreactive cells and
fibers at the posterior region of the brain (scale = 50 pm); C — confocal microscopic image of a P. nuntia whole mount
brain incubated with normal rabbit serum as a control. No immunoreactivity was seen (scale = 100 um); D —
epifluorescent microscopic image of paraffin sections of a Perinereis nuntia brain. Arrows point at the immunoreactive
cells at the posterior region of the brain (scale = 20 um); E — TEM micrograph of gold-localization (5 nm) of MIP-like
peptides on neurosecretory granules (arrow) in the nerve terminals: S — synaptic vesicles, G — neurosecretory granules
(scale = 500 nm).

Puc. 2. A — koH(]pOKaIEHOE MUKPOCKOIIMYECKOE N300paKeHUE LIEJIOT0 MperapaTa Mo3ra Perinereis nuntia OKpanieH-
Horo arTHTenamMu MIP. CTpenkn yKas3plBatOT HA HMMYHOUYYBCTBUTEIIBHBIC KJIETKH M BOJIOKHA 3ajiHE obacT Mo3ra
(macmrad 100 Mkm); B — koH(pOKaIBHOE MHKPOCKOIINYECKOE H300paXKeHHe LIeJIOT0 IIperapaTa Mo3ra Perinereis nuntia
okpameHHoro anrurenamu MIP. Ctpenku yKa3slBatOT HA HMMYHOYYBCTBUTEIIBHBIC KJIETKH M BOJIOKHA 3a1HEH 001acTu
mosra (maciTad 50 Mxm); C — KOH(OKaIbHOE MHKPOCKOIIMYECKOE H300pakeH e LeJIoro npenapara Mosra P. nuntia
MHKYOHPOBAHHOTO ¢ OOBIYHON CHIBOPOTKOMW KPBICHI B Ka4eCTBE KOHTPOJIS. IMMYHOUYBCTBUTEIBHOCTD HE BBISIBIISCTCSI
(macmrad 100 Mxm); D — snudiyopecueHTHOe MEKPOCKONHYECKOe H300pakeHne mapadMHOBEIX Cpe3oB Mo3ra P.
nuntia. CTpeJIKH yKa3blBalOT HA MMMYHOUYYBCTBHTEIBHbIC KICTKH 3aiHell obimactu Mosra (macmrad 20 Mkm); E —
TPAaHCMHCCHOHHAsI 3JIEKTPOHHAss MUKpodororpadust pactpenernenus 3omora (5 HM) MIP-mogo6HBIX menTuaoB Ha
HEHPOCEKPETOPHBIX IPaHyliax (CTpeska) B HEPBHBIX OKOHYAHUSX: S — CHHANTHYECKUE Be3nKyIbl, G — Hellpocekpe-
TOpHBIE TpanyJisl (Macmrab 500 HM).
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plasmand very few secretory granules but many
mitochondria (Fig. 1D, E). Most neurons in the
posterior brain region, however, had a large
amount of cytoplasm, varying sized secretory
granules, but few mitochondria (Fig. 1F).

Immunocytochemistry

Under the confocal microscope, MIP immu-
noreactive perikaryas from whole mount brains
were detected both in the posterior brain and in
the periphery but not in the anterior CP region.
Neurons near the surface of the brain showed
strong MIP immunoreactions (Fig. 2A, B). The
antibody penetrated only partially into the whole

Fig. 3. Horizontal diagramatic representation of distribution of ganglionic nuclei (1-26) in the brain of Nereis
diversicolor (changed after Engelhardt et al., 1982).
Puc. 3. CxemaTnueckoe M300pakeHHE paclpelielieHnss TaHTIHOo3HbIX sanep (1-26) mosra Nereis diversicolor (1o:
Engelhardt et al., 1982, ¢ u3mMeHeHUIMH).

mounts. This demonstrates that immunoreac-
tive cells are located in the periphery. Some
immunoreactive nerve fibers near the neurons
were also detected (Fig. 3A). The control did
not show any immunoreaction (Fig. 2C). Ac-
cording to a diagram of the brain by Engelhardt
et al. (1982 — see Fig. 1), these MIP-immu-
noreactive neurons (in Fig. 2A, B) belong to
nuclei 13, 14, 15, 16, 18, 19, and 22.

MIP-immunoreactive neurons were also
detected in paraffin sections. These immunore-
active neurons were 10 pm to 20 um in diameter
(Fig. 2D) and located only in the posterior
region of the brain.
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MIP-immunoreactive granules were detect-
ed in ultra-thin sections (Fig. 2E). Two kinds of
secretory granules were found to be present in
the same neurons: synaptic vesicles having an
electron-lucent center and the neurosecretory
granules having an electron-dense center. Gold
particles were located only in the electron-dense
granules.

Discussion

Immunoreactivity to neuropeptides is known
from vertebrate and invertebrate cells located in
the periphery and in the posterior part of the
brain but not in the corpora pedunculata. The
structure of the corpora pecunculata (CP —
mushroom bodies) in P. nuntia are similar to
those described for Orthoptera (Insecta) ac-
cording to Weiss (1981). Here, the CP of the
progenitors of the Orthoptera are claimed to
include two mutual equivalents, belayered caly-
ces and a «double-barreled» pedunculus. In
polychaetes almost all ganglionic nuclei con-
tain a significant number of cell bodies with
proteinaceous secretory material in the brain
and in the ventral nerve cord (Dhainaut-Cour-
tois et al., 1985, 1986). The wide immunohis-
tochemical distribution of CCK-like substances
in the brain, the ventral nerve cord, and the
suboesophageal ganglion of Nereis strongly
supports the existence of peptidergic neurons in
the nervous system of polychaete annelids (En-
gelhardt et al., 1982). CCK-like peptides are
only found within the brain nuclei according to
Engelhardt et al. (1982) but not within the cor-
pora pedunculata. Nereidine, CCK/gastrin,
dynorphin, leu-enk, molluscan sodium influx
stimulating peptide (SISP), FMRFamide and —
MSH were detected before in nucleus 20 at the
posterior part of polychaete brains (see Fig. 3 —
Engelhardtetal., 1982; Dhainaut-Coutois etal.,
1985; Dhainaut-Coutois et al., 1986; Dhainaut-
Courtois, Golding, 1988; Guissi-Kadri et al,.
1991; Dugimont et al., 1992; Krajniak, Green-
berg, 1992), while the corpora pedunculata
showed only choline acetyltransferase (CAT)
activity (Marsden et al., 1981). There is little
doubt that the corpora pedunculata and their

fibres provide higher association centers and
connections with palpal, optic, antennal, and
nuchal centers (Golding 1992). The corpora
pedunculata (CP) of the P. nuntia brain can be
easily distinguished from other parts of the
brain. CP neurons are smaller and compacted in
aregular pattern. The nuclei of CP were stained
intensely with DAPI. The inclusion of CP cells
were also different from those in other parts ofthe
brain. Neurons of the CP contained numerous
mitochondria and few neurosecretory granules.

Cells ofthe CP contain little cytoplasm, very
few secretory granules and many mitochondria,
whereas most neurons in the posterior region
contain a large amount of cytoplasm and vary-
ing sized secretory granules. These morpholog-
ical differences indicate that the CP have a
different function than neuronal secretory cells
in the brain. This has been indicated before by
Engelhardt et al. (1982). We hypothesize that
the CP present an important integrating center
of the brain and between the brain and the sub-
oesophageal ganglion, while the posterior part
and the peripheral regions of the brain are phys-
iological regulatory centers.

Our Figure 2 shows antibody staining only
in the periphery of the brain. This indicates that
immunoreactive cells are located in the periph-
ery only. In our experiments, MIP immunoreac-
tive cells were detected in nuclei that are impor-
tant for regeneration (nuclei 13, 14, 15, 20, 22)
(see Fig. 3) — whereas the cells of nucleus 17
react to amputation (see Herlant-Meewis, Van
Damme, 1962). Changes of MIP staining inten-
sity in nuclei 4, 13 and 20 were also observed.
Clark and Bonney (1960) examined the brain of
regenerating Nereis diversicolor and found sig-
nificant increases in the quantity of stainable
material in nuclei 5 and 6 after six hours. A
significant increase in the volume of nucleus 4
was found 12h after the loss of posterior seg-
ments. Hauenschild and Fischer (1962) stated
that «the most stainable neurosecretory cells
were observed inaregenerating specimeny». The
function of immunoreactive cells in nuclei 13,
14,15,16,18, 19, and 22 of the P. nuntia brain
remains unclear. It also remains open whether
the antibody is to be expected to cross react



10 Wan-Xi Yang, Hans-Uwe Dahms, 1. Mirabdullayev

with one, a few or all isoforms of MIP in a
particular species such as P. nuntia. As expe-
rience shows is the use of polychaete antibod-
ies in cross-species experiments limited (Rusa-
kov et al., 2003).

Insulin immunoreactive peptides have also
been detected in invertebrates by using immu-
nocytochemical methods, i.e. polychaetes (Por-
chet, Dhainaut-Courtois, 1988), other mollusks
(Vanminnen, Schallig, 1990; Gomotetal., 1992;
Khan et al., 1992; Sonetti et al., 1992; Kersch-
baum et al., 1993), sea urchins (DePablo et al.,
1988) and ascidians (O’Neil et al., 1986). Insu-
lin is reported to induce supernumerary struc-
tures in Nereis pelagica (Boilly-Marer, 1983).
The relationship between insulin-immunoreac-
tivity and MIP-immunoreactivity is unclear, but
itis shown that insulin superfamilies are present
inpolychaetes as well (Porchet, Dhainaut-Cour-
tois, 1988). However, MIP peptides have not
been cloned in P. nuntia. This approach and
particularly real-time PCR (=RT-PCR) and in-
situ hybridization would be promissing ap-
proaches to confirm the expression of MIP
genes in P. nuntia. In this study gold particles
were located only in otherwise electrondense
granules. This indicates that MIP-immunoreac-
tive granules were secreted by neurons.

Our immunoreactive study is the first to
demonstrate that MIP-like peptides and MIP-
immunoreactive fibers exist in marine polycha-
etes. These results provide evidence to support
the hypothesis that MIPs are peptides that are
notrestricted to molluscs and should be found in
other invertebrate taxa as well. MIPs are hor-
mones with possible functions in growth, devel-
opment, and energy metabolism (Oehlmann,
Schulte-Oehlmann, 2003). There is evidence
that they are involved in the control of growth
and differentiation of peripheral organs and the
central nervous system (CNS) (Joosse, 1988;
Kits etal., 1990; Kerschbaum et al., 1993). The
potential function of these peptides on nereid
growth or regeneration is worth being further
investigated.

Structural evolution of insulin-related pep-
tides at the gene level has otherwise received
considerable attention (Smit et al., 1993). In

vertebrates, more than 50 insulin derivatives
and insulin-related peptides, i.e. relaxins and
insulin-like growth factors (IGFs)-1 & -1, have
been structurally identified over the last two
decades (Froesch et al., 1985; Girbau et al.,
1987). Structural data are available for insulin-
related peptides ininvertebrates, i.e. bombyxins
in the lepidopteran Bombyx mori (Kawakami et
al., 1989); locust insulin-related peptides (MIPs)
I, 11, III & V in the freshwater snail, Lymnaea
stagnalis (Smit et al., 1988, 1991; Li, Geraerts,
1992; Smit et al., 1992). In general, the gene
structure of insulin-related peptides is conser-
vative. There are extensive homologies between
invertebrates and vertebrates. Structural investi-
gations of polychaete insulin-like peptide(s) and
their gene(s) could contribute to a general under-
standing of the evolution of insulin in the animal
kingdom. Cloning of the MIP family in P. nuntia
by real-time PCR or in situ hybridization would
provide adequate tools for future confirmation of
MIP gene expression in P. nuntia.
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