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SUMMARY membrane have remained constant throughout the
evolution of all animal phyla.

Sections of integument from gastropod, bivalve

and cephalopod species were studied immunohi
tochemically to determine reactivity to antibody INTRODUCTION

against the type I-like collagen froBepiacarti-

lage and antibodies against components of th Interdisciplinary research has demonstrated an
extracellular matrix (ECM) of vertebrate connec-extraordinary variety of molecules in vertebrate
tive tissue: type I, lll, 1V, V, and VI collagens, integument, and is elucidating the roles that the
laminin, nidogen and heparan sulphate. All saminteractions of these molecules play in fulfilling
ples exhibited similar reactivities to the antibodiesintegumental functions. The dermis of mammals,
although differences in the intensity and localizafor example, is a highly differentiated tissue whose
tion of the immunostaining were found that wereextracellular matrix (ECM) is composed of numer-
clearly correlated with between-species differ-ous types of proteoglycans, glycoproteins and par-
ences in integumental ultrastructure. These findticularly collagens, which aggregate in various and
ings indicate that the composition of the integu-complex ways to give rise to characteristic ECM
mental ECM is similar in the three classes of mol structures: the basement membrane (type IV colla-
luscs examined and that several types of collagegen), heterotypic fibrils (type I, IlI, V, XIl and XIV
are present. However molluscan subepidermecollagens), microfilaments (type VI collagen) and
connective tissue differs from the ECM of verte-anchoring fibrils (type VIl collagen) (Keere al,
brate dermis: molluscan integumental ECM con 1997).

tains collagens similar to type I, V and VI colla- In view of the great variety of invertebrate integu-
gens but has no type Ill-similar collagen. Furtherments, and our limited knowledge of their molecu-
more molecules similar to the type IV collagen,lar components, we decided to carry out a compara-
laminin, nidogen and heparan sulphate of vertetive study of the integuments of several species of
brates were present ubiquitously in molluscarmolluscs from classes of diverse evolutionary
basement membrane, confirming the statemeidevelopment, to determine whether or not they were
that the structure and composition of basemermade up of molecules similar to those present in
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mammalian dermis. Since elastin, an essential corarm samples were also obtained from the cephalo
ponent of vertebrate ECM, seems to be absent fropod cuttlefishSepia officinalis In all cases sam
molluscan connective tissue (Sage and Gr8y9), ples were removed from the animals immediately
we concentrated our attention on collagens, certaafter capture.
other glycoproteins, and proteoglycans. Specimens for cryo-sectioning were fixed in
The molluscs are an ancient and successful pheither 10% formalin or 4% paraformaldehyde
lum. Fossils reliably identified as molluscan are(PFA) in 0.1M phosphate bfdr (PB) pH 7.4 or
found in Precambrian strata, and today it is the seperiodate-lysine-paraformaldehyde (PLP) in 0.1M
ond lagest animal phylum, with marine, freshwa PB pH 7.4 for various times (3-12h) depending on
ter and terrestrial forms, with a gradation of evolu size. Subsequently the samples were impregnated
tionary and structural diversity that ranges fromin sucrose and fragments were then embedded in
the Monoplacophora and Cephalopoda. It is likelyOCT compound, frozen in liquid nitrogen or
therefore, that the connective tissues frorfedént  isopentane cooled with liquid nitrogen and eryo
molluscan forms will vary markedly stat sectionedl)um). Cryostat sections were also
Knowledge of the collagens present in molluscaiprepared from fragments of frozen unfixed tissue.
integument is limited, as is our knowledge of mol To check morphology sections adjacent to
luscan connective tissue components in generimmunostained sections were stained with 1%
(Bairati, 1985). Kimuraet al (1981) isolated the methylene blue.
main collagen present in the integumen©ofopus  Specimens for conventional sectioning were
vulgaris and characterized it as an,)o, hete  fixed in 4% PR or Bouin's fluid for 24-48h,
rochain molecule similar to the type | collagen oldehydrated, embedded in pdirafand sectioned
vertebrates. Ultrastructural studies on the integL(7um). To check morphologysections adjacent to
ment of various species of mollusc (Bairetial, immunostained sections were stained with hema
2000; Bairatiet al, 2001; Brocco, 1976) have toxylin and eosin.
demonstrated the presence of a basement membra
banded collagen fibrils and proteoglycan aggregateEnzyme pretreatment
To determine whether these morphological com When antigen unmasking was required, princi
ponents, typical of vertebrate dermis, also havpally to obtain a reaction on basement membrane
molecular structures analogous to those of verteof Sepiasamples, paréih embedded or frozen
brates, we performed the present immunohistolo¢sections were treated with 1 mg/ml pepsin (2100
ical study on sections of integument from gastrounits/mg dry solid; Sigma) in 0.01N HCI at°&7
pod, bivalve and cephalopod species, using antfor 10-60 min (Vdkamatstet al, 1997).
bodies against components of vertebrate dermi
These studies were based on ultrastructural ebseAntibodies
vations, in part published elsewhere (Baiedtal, We used the following antibodies, whose speci
2000; Bairatiet al, 2001), necessary for the control ficity for the respective antigens has been accurate
and interpretation of the immunohistochemically tested as described either in the papers subse
results. guently quoted for each antibody or in the data
sheets supplied by the producers: polyclonal anti
bodies against type I-like collagen fr@epiaoffic-

MATERIALS AND METHODS inalis cartilage (Bairatet al, 1999), goldfish type |
collagen (Zylberbey et al, 1992), human type |
Tissue peparation (Démarchezt al, 1987), Il and IV(Institut Pas

Samples of integument were obtained from thiteur, Lyon) collagens, rat typ€ collagen (Valle-
mantle and foot of four gastropods, the marincPresleset al, 1989); polyclonal antibodies against
limpet Patella ulyssiponensishe freshwater snail mouse EHS (Sigma) and rat (Gibco) laminin; mon
Pila scutata the terrestrial slugirion rufus the oclonal antibodies against human tyfecollagen
terrestrial snailHelix aspersa and three marine (clone C-1, Seikagaku), murine nidogen (Chemi
bivalves, Pecten jacobaeusMytilus gallopovin-  con), the sugar chain of human heparan sulfate
cialis and Callista chione Mantle, tentacle and (clones HepSS-1 and F58-10E4, Seikagaku), and
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the protein portion of rat heparan sulfate (C17of weak autofluorescence was observed in several
Hybridoma Bank).The optimal working dilution control sections from various species which we
was determined empirically for each antibody attributed to the presence of pigments and secretions:
these were often observed in gland cells, epidermal
Indir ect immunofluorescence mucocytes, pigment cells and along the epidermal
Sections of fixed samples were treated with 0.05Nsurface (Fig. 2D, 5B, 5F). In general the antibodies
NH.CI in 0.01M PBS to neutralize aldehyde ancrevealed, with variable staining intensiggructures
then incubated with 1-10% PBS/bovine serum-albuof variable form and localization within the integu
min (BSA) for 1h at room temperature. Subse ment.Very often there was a meshwork of positivity
quently primary antibodies, diluted in 0.1% within the matrix of the subepidermal connective
PBS/BSA, were applied overnight &1 The see  (SEC), occasionally thickened into clumps or irregu
ondary antibodies, either FITC (Fluorescein Isoth|ar|y branching forms. Often too the positivity
iocyanate) oAlexa Fluor 488 or Rhodamine Red-X efined compact laminae, mainly present within the
or LRSC (Lissamine Rhodamine B Sulfonyl Ghlo Sec at the base of the epithelium or surrounding

ride) conjugated, diluted in 0.1% PBS/BSA, wereq cts chromatic elements, blood vessels, nerves and
applied for 1h at room temperature. On controt se(,y,scles fibres.

tions BSAwas used instead of either primary anti \ye now present the results by antibody for each
body or both primary and secondary antibodies. species

Sections were examined under a Leica DMF '
microscope equipped for epifluorescence witrAnti_
excitation filters BP450-490 and B#46/14 and
barrier filters LP520, BP525/520 and LF580.
Photomicrographs were taken with a MC 10C
SPOTmicroscope camera.

Sepiatype I-like collagen antibody

Antibody against type I-like collagen fro8epia
cartilage gave an intense meshwork of positivity
throughout the SEC of all the gastropods exam
ined; this was particularly intense under the epithe
lium, surrounding glands (particularly numerous in
gastropod integument) and surrounding bundles of

incubation with 0.3% D, in methanol for 30 min, Muscle fibres (Fig. 1A). In foot and mantle of all
Aldehyde groups were neutralized by 1h incubati0|the bivalves mves'uga'ged both the superficial a_nd
in 0.05M PBS/NHCI. The sections were then incu 0¢€P SEC showed an intense meshwork of pesitiv

bated with PBS/BSAor 1h at room temperature, ity (Fig. 3A). In PecterandMytilus the immunos
followed by overnight incubation af@ with pri  taining was particularly conspicuous in the areas
mary antibodydiluted in 0.1% PBS/BSA. Biotiny Surrounding muscles and glands, while in the foot
lated secondary antibodies, in 0.1% PBS/BSA, wer©f Callistathe gland-rich zone separating the SEC
then applied for 2h at room temperature, followec"™0m underlying muscle was picked ouAs

by 30-60 min incubation in avidin/biotinylated €XPected, the matrix of the SEC $épiareacted
horseradish peroxidase complexe¢or) at room strongly to this antibodyas did stroma between
temperatureThe immunoreaction was visualized Pundles of muscle fibres (Fig 5A).

with a solution containing 0.075% 3,3’-diamino o .

benzidine (Sigma) in 0.05MRIS/HCI and 0.2% Anti-fish type | collagen antibody _
H.O, (10 ul/m|) On control sections BS¥Was used The distribution of POS|t|V|.ty to ant|b0dy agalnst
instead of either primary antibody or both primaryfish type | collagen in the integument of the -gas

and secondary antibodies. Sections were examinth'ODOdSPate”aandPila was cIoser similar to that
under a Zeiss photomicroscope. described for antibody agair¢piatype I-like cot

lagen. InHelix however the positivity was weaker

and at the same time morefdde, and inArion
RESULTS (Fig. 1B) positivity was dfise and weak immedi

ately under the epithelium, but stronger at depth.
The immunostaining results are summarized it The integument of the bivalves studied also
Table I. None of the control sections showed cleereacted to anti-fish type | collagen antibodiy
positivity for any antibodyhowever a certain amount Mytilus (Fig. 3B) the reaction was less intense

Immunoperoxidase
Endogenous peroxidase activity was blocked b
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Table |
Results of the immunohistochemical analyses on molluscan integument

CLASS and SPECIES

GASTROPODA BIVALVIA CEPHALOPODA

Antibodies P. P. ulyssi- A.rufus H.aspersa P jaco- M. gallo- C. chione S. officinalis

scutata  ponensis baeus provincialis
anti-cuttlefish type
I-like collagen + + + + + + + +
anti-fish type | collagen + + + + + + + +
anti-human type |
collagen n.e. n.e. - - - - - _
anti-human type 1l
collagen n.e. n.e. - - - - - -
anti-rat typeV collagen + + + + + + + +
anti-human typé&/I
collagen + + + + + + + +
anti-human type IV
collagen + + + + + + + +
anti-rat/mouse laminin 1~ + + + + + + + +
anti-murine nidogen + + + - + + + +
anti-rat HSPG proteinous
portion n.e. n.e. - + - + - -
anti-human HSPG
sugar chain + + + + + ¥ + +

n.e.= not examined

than that obtained with antibody agaiSspiatype = was weaker and more filise and similar to that
I-like collagen; inPectenand Callista positivity  observed with antibody against fish type | collagen.
was distributed fairly uniformly throughout the In the bivalvePecterthe entire SEC was intense
SEC, although the glandular layer was less-reailly positive. In Mytilus the staining particularly
tive to this antibody than to those against otheinvolved the most superficial part of the SEC,
types of collagen being less intense in the deeper part (Fig. 3C). In
In Sepiathis antibody produced a reaction similar Callista intense positivity was observed in eon
to that observed with an8epiatype I-like colla  nective tissue immediately enveloping glands.
gen antibody except that the epidermis itself wa In Sepiastaining was intense superficiallypuch
also stained (Fig. 5C). less so in the areas surrounding muscle fibres (Fig.
5D).
Antibodies to human type | and Il collagens
These antibodies did not elicit positivity in any of Anti-human type VI collagen antibody

the integument samples studied. The integument of the gastropods examined
reacted very weakly with antibody against human
Anti-rat type V collagen antibody type VI collagen. InArion (Fig. 1D), Helix and

In Pila andPatellatreatment with antibody against Pila there was a weak meshwork of positivity in
rat typeV collagen produced a labelling similar to the superficialSEC that became more marked
that obtained with antibody agairfgpiatype I-like  around blood vessels, muscle fibres, ducts and
collagen. InArion (Fig. 1C) andHelix the signal glands whose secretory contents were also often
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Fig. 1 - Indirect immunofluorescence staining of frozen sections of integument from the foot (A-C) and mantle (D) of the gas
tropodArion rufus (A) polyclonal anti-type I-like collagen from cuttlefish cartilage. (B) polyclonal anti-fish type | collagen. (C)
polyclonal anti-rat typ& collagen. (D) monoclonal anti-human tygecollagen. Ep, epidermis; SEC, subepidermal connective
tissue. Bar100um.

strongly positive. IrPatellathe positivity was par  erably attenuated in the areas surrounding muscle
ticularly evident around all structures embedde(fibres and also SEC areas surrounding other-struc
within the connective tissue. tures such as (autofluorescent) glands and-chro

The integument of the bivalvieecten(Fig. 3D)  matic elements (Fig. 5F).

was characterized by an intense and uniform rit _

bon of positivity under the epitheliumfhis dimin~ Anti-human type IV collagen antibody

ished with depth and took on a network-like The antibodies against components (_)f vertebrate
appearanceThe staining inMytilus was similar Pasement membrane reacted positively with

except that overall intensity was less.Gallista ~ Ntégument sectionsf all molluscs examined.

g ) In Patella (Fig. 2A) treatment with anti-human
positivity was mainly concentrated around S{ruct_ype_lv collagen antibody produced a weak reac
tures within the connective tissue, and was prese {;"in the zone between the epithelium and the

as a weak network between muscle fibres. underlying connective tissudhis zone did not

In Sepia integument, positivity to antibody have a laminar appearance but expanded iregu
against human typél collagen was similar to that |arly into the SECA similarly weak reaction was
for rat collagerv antibody (Fig. 5E) with intense observed around ducts, glands, blood vessels,
positivity close to the epithelium that was conrsid nerves, and muscle fibres, but was formed of short

263



Imp. Corbetta 3-12-2002 14:53 Pagina 264 $

i

Fig. 2 -Indirect immunofluorescence and immunoperoxidase staining of frozen sections of gastropod foot integument with anti
bodies against BM componenBatella ulyssiponensi@\) and Arion rufus(B) integument stained with polyclonal anti-human

type 1V collagen. (C, D)Patella ulyssiponensimitegument stained with monoclonal anti-murine nidogen and control section
omitting primary antibody(E) Helix aspersantegument stained with monoclonal antibody against the protein portion of rat
HSPG. (F)Pila scutataintegument stained with antibody against the sugar chain of HSP®af€l)a ulyssiponensisitegu

ment stained with polyclonal anti-mouse laminin. Ep, epidermis; M, muscle; arrows, basement membrafenBar F; 100

um inA-E and G.
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Fig. 3 - Indirect immunofluorescence staining of frozen sections of bivalve integument with anti-collagen antiytiies.
galloprovincialisfoot integument stained with polyclonal antibodies against cuttlefish type I-like (A), fish type | (B) and rat type
V (C) collagens. (DPecten jacobaeumantle integument stained with monoclonal anti-humanWmm®llagen. Ep, epidermis;
SEC, subepidermal connective; M, muscle., B&0um.

discontinuous tracts. IArion (Fig. 2B) andHelix  epithelium, with occasional short protrusions into

a sub-epithelial laminar reaction was not observecthe connective tissue; the epidermis was alse uni

while the SEC positivity was difse but occasien  formly stained.

ally concentrated into irregular clumps. Rila

there was discontinuous positivity in contact withanti-laminin antibody

the epithelium and a difse but irregular positivity  The immunoperoxidase method localized laminin

in the rest of the SEC. . _more clearly than indirect immunofluorescence on
In Pecten(Fig. 4A) and Mytilus treatment with a4 mental sections fromatella (Fig. 2G) and

e B Syoaer Tveslet Pls nere s (i, dcontinuaus S f amii

ly under the epithelium. IrCallista a similar ggiﬁmgmw:s d Ostijsr(raorx(ra]gir:?mid\lf:reigusbi?&ta?gs

intensely positive laminar structure was alscpresent within the SEC. In sections frémion and

observed, from which ran short irregular pretru Heli I b-enithelial signal
sions into the SEC. elix a clear sub-epithelial signal was not

In Sepiaa similar intense positivity picking out OPServed, but a weaker iWise positivity was pre
basement membrane was observed only in sectio €Nt surrounding glands and muscle fibres.
pre-treated with pepsinAs shown in Fig. 6A Laminin positivity was observed immediately
(immunoperoxidase) there was a thin but continubeneath the epithelium of all bivalve sections
ous line of positivity immediately below the examined.This positivity was intense iPecten
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Fig. 4 -Indirect immunofluorescence and immunoperoxidase
! staining of frozen sections of bivalve integument with-anti
A bodies against basement membrane compondtgsten
jacobaeusmantle integument stained with (A) polyclonal
! anti-human type I\collagen, (B) polyclonal anti-rat laminin
E and (C) monoclonal anti-murine nidogen. [@ytilus gallo
provincialis foot integument stained with monoclonal anti

Ei'?.,gf”’ ant
4y 3 % .
NAA T2 Y
% body raised against the protein portion of rat HSPGC@)

1 | L | lista chionemantle integument stained with antibody against
& i TITE

the sugar chain of HSPG. Ep, epidermis; M, muscle; arrows,
basement membrane. BaOum in D and E; 10@m inA-C.

E
(Fig. 4B) but inCallistatook the form of athin dis  In all bivalves sections examined (Fig. 4C), and
continuous line. IMytilus and Callista there was also inSepiasections (Fig. 6D), anti-nidogen anti

also positivity surrounding the structures with SECbody reaction always localized in the immediate
The Sepiasections, pre-treated with pepsin, fre sub-epithelial zone and around other structures

sent a thin line of laminin positivity below the within the SEC.
epithelium and as intense surrounding structure

within the SEC (Fig. 6B). Anti-heparan sulfate proteoglycan (HSPG)
antibodies
Anti-mouse nidogen antibody Antibody against the HSPG sugar chains localized

Use of antibody against nidogen produced weato the sub-epidermal zone in all species examined.
diffuse positivity throughout the SEC but no fpar Staining was intense iRila particularly when the
ticular localization under the epithelium fifelix.  immunoperoxidase method was used (Fig. 2F); in
In Arion there was increased sub-epidermal intenPatellaa thin laminar zone was picked out, and in
sity; in Patella(Fig. 2C) a thin line of sub-epithe Arion andHelix the subepidermal immunostaining
lial positivity, and inPila a discontinuous sub- was discontinuous and irregulafhe antibody
epithelial signal. against the protein portion of HSPG was tested on
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Fig. 5 -Indirect immunofluorescence staining of frozen (A-D) and fiaréE, F) sections of the integument®Epia officinalis
(cephalopod) with anti-collagen antibodies. (A,Ajn integument stained with polyclonal anti-cuttlefish type | collagen and
control section omitting primary antibadylantle integument stained with polyclonal anti-fish type | (C) and anti-raty({pg
collagensTentacle integument stained with monoclonal anti-human\Wmmllagen (E) and control section (F) omitting-pri

mary antibody: the autofluorescence of chromatic elements was easily seen. Ep, epidermis; SEC, subepidermal connective; M,
muscle; Crchromatic elements. Bat00um.

the gastropodArion andHelix but only in the latter  The sub-epithelial zone of all bivalves studied
was positivity found. IrHelix the reactivity local reacted positively to antibody against the HSPG
ized strongly immediately under the epithelium, insugar (Fig. 4E); only iMytilus did this zone also
protrusions from the sub-epithelial zone into thereact with the antibody against protein portion of
SEC, and within gland cells (Fig. 2E). HSPG (Fig. 4D).
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Fig. 6 -Immunoperoxidase staining of pdmaf(A, B) and frozen sections (C, D) 8kpia officinaliantegument with antibod
ies against basement membrane compon&ntsintegument stained with polyclonal anti-human typediagen (A) and anti-

mouse laminin (B) after pepsin digestion. Mantle integument stained with monoclonal antibody against the sugar chain of HSPG
(C) and anti-murine nidogen (D). Ep, epidermis; SEC, subepidermal connective; M, muscle; arrows, basement membrane; Cr
chromatic elements. BatOum in A and B; 10Qum in C and D.

In Sepia(Fig. 6C) all structures within SEC were cules typically presenin mammalian dermis.
clearly delineated by a rim of positivity with anti However both the intensity and localization of the
body against the carbohydrate moiety of humarreactivity to the diferent antibodies varied
HSPG. The basement membrane zone and thaccording to the mollusc class and species exam
zone surrounding muscle fibres was also labeleined, and this variability is related to the diversity
by this antibodyNo clear signal was observed in of ultrastructural aganization present in these ani
Sepiawhen the antibody against the protein-por mals as revealed by our previous study (Ba@ti
tion of rat HSPG was used. al., 2000; Bairatiet al, 2001).The latter studies

showed that the thickness and detailed structure of
the basement membrane, and the extent and-loose

DISCUSSION ness of the underlying connective tissue varied

considerably among the species examifldakse

This study has demonstrated that the integumeistructures were most similar in species of the same
tal connective tissues of all the mollusc specieclass, and in the bivalves and gastropods, but dif
examined present specific immunoreactivity to ¢fered more markedly between cephalopods and
range of antibodies against several of the molethe other two classes.
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The meshwork of immunopositivity within the whose connective tissue shares more chemical and
SEC was due to the presence of connective tissiphysical characteristics with molluscan than
containing a network of collagen fibril$his net  mammalian connective tissue.
work was rather loose or open in gastropod The integument of all species studied reacted
(Bairati et al, 2001) and bivalves (Bairadit al,  with anti-rat collagerv antibody; the localization
2000) but much denser in cephalopods where iof this reactivity was closely similar to that of
fact bundles of collagen fibrils formed dgr fibres  anti-type I-like collagen antibody fronsepia
(Brocco, 1976; Bairatet al, in preparation)The  This finding suggests the ubiquitous presence in
SEC of the bivalvéPectendiffered in that it con molluscs of a minor collagen similar to type
sisted of a homogenous layer of tightly packecwhich may be associated with type | collagen, just
small collagen fibrils (Bairatet al, 2000) and the as occurs in the heterotypic collagen fibrils of the
corresponding immunoreactivity was morefuie human dermisAn alternative explanation is that _
and uniform.The compact laminar positivity pre the molluscan type I-like collagen possesses epi
sent around glands, blood vessels, nerves, aitopesin common with vertebrate tygecollagen.
chromatic elements, correlates with the presence However the existence of two distinct types of
basement membrane and of a laminar arrangememolecules is supported by the findings of Rego
of collagen fibrils surrounding these structures. ~ @l- (Paper submitted for pubblication) who iselat

In all species the SEC reacted to antibodie®d two distinct collagen molecules from the earti
against type |, typ¥ and typeV! collagens, con lage matrix ofSepia officinalisa type I-like col

A P lagen and a collagen similar to vertebrate type
firming the ubiquitous presence of these molecule .
(or molecules with closely similar epitopes) with /X! TypeV-like collagens have also been found

in molluscan integumental tissue. Kimuea al. in several other invertebrate phylailiet et al,

.1996; Miura and Kimura, 198%oshinakaet al
1981) showed that the most abundant collagen i ! . ' ' L ah
'Ehe in)tegument ofOctopus vulgarisis a hetge 1990) suggesting that the tygeollagen of inver

rochain molecule that has certain characteristics itebrates, which has remainedylely unchanged in
the course of evolution, is the ancestral collagen

common with calf type | collagen and was there from which other types evolved, being required

fore called type I-likeThe intense SEC reaction, ¢, paic functions such as collagen fibril assem

in all th_e species studied, to_the a_ntibody agaln:bly and growth.

type I-like collagen fromSepiacartilage shows —Ajhough typevi collagen is well documented in
that the collagen in the integumental SEC of al\qrteprates (von der Magk al, 1984; Keenet al,
these species is closely similar to thabgpiacar  1988: Keenet al, 1997) a similar collagen has not
tilage, suggesting that such a collagen is present peen reported before in invertebrates. Our experi
connective tissues of variousgans throughout ments using antibody against human tyjpeolla-

the phylum. gen indicate the presence of a tyfidike collagen
The present study also revealed the presence, in the SEC of molluscan integument, with g

the SEC of molluscs, of a collagen havingdistribution that recalls the similarly flise distrib
immunological dinity to type | collagen from ution of typeVI collagen in the mammalian dermis.
fish. However there was never any positivity toHowever our electron microscope studies failed to
anti-human type | collagen antibodbhis afinity  reveal structures morphologically similar to mam
is consistent with the fact that both fish and mol malian microfilaments, which in mammalian der
lusc collagens have lower denaturation temperémis are lagely composed of typ&/I collagen
tures than mammalian collagens, in relation lowe(Keeneet al, 1988; Keenet al, 1997).
environmental temperature (see discussion i We observed no reaction to antibodies to human
Mathews, 1975a)lhis is related to the presence oftype Il collagen in any of the molluscan tissues
fewer pyrrolidinic cross-links in collagens from we studied, and hence conclude that this typical
fish and molluscs, implying a molecular structuremammalian dermis collagen is absent from-mol
distinct from that of type | mammalian collagen.luscs; it has not, to our knowledge, been reported
We may discern an evolutionary gradient here: thin any other invertebrate.

main fibrillar collagens of molluscs are similar to The laminar shape and typical localization picked
those of fish, the least evolved vertebrate clas:out by specific antibodies clearly correspond to the
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basement membranes identified by our parallel-ultréthe presence of similar components in the base
structural studies. In fact the basement membrarment membranes of mollusdhe lack of reactiv
was the most morphologically diversified of all theity to antibody against the protein portion of rat
SEC structures encountered in the molluscs WHSPG is presumably related to the fact that this is
examined (Bairatet al, 2000; Bairatiet al, 2001; a highly variable and species-specific part of the
Bairati et al, in preparation) and the immunostain molecule. HSPG has been localized by immuno
ing obtained with antibodies against several bastfluorescence in the basement membrane of the sea
ment membrane components varied, from species urchin (W\esselet al, 1984), but we are unaware
species, accordingly of data on the immunolocalization of nidogen in
Thus, the positivity to anti-human type Bdlla-  invertebrates. Nevertheless the presence of-nido
gen antibody in areas corresponding to basemegen in molluscan tissues is supported by the fact
membrane found in all the mollusexamined that laminin/nidogen-like complexes have been
constitutes further evidence that this collagen iobserved under the electron microscope in
widely distributed in all animal phyla, from the extracts from tissues of sea urclpheechinous
porifera upwards (Boutet al, 1996), and that its granularis leechHirudo medicinalifBecket al,
structural characteristics have remainedyeéy 1989) and marine spond@scaella tubeculata
unaltered through phylogenetic evolution (Pedersel(Humbert-David and Garrone, 1993).
1991; Cecchiniet al, 1987; Fessler and Fessler Our finding that molecules very like type Bél-
1989; Expositeet al, 1994; Kramerl994). lagen, laminin, nidogen and HSPG are all present
We obtained reactions to anti-human collagen N\in the basement membrane of molluscs confirms
and anti-rat laminin inSepiasubepidermal base that the presence of all is required to form the
ment membrane only after treating the sections witthree-dimensional framework constituting the
pepsin.This was almost certainly due to the verybasic architecture of the basement membrane, as
dense structure of the lamina densa (Bagtadl, in~ proposed for mammalian basement membrane
preparation) which would impede antibody acces(Yurchenko and O’'Real994;Timpl, 1996).This
to the epitopes, and which was partly disrupted barchitecture would seem, therefore, to have
the enzyme. Limited proteolysis is often successfiappeared very early in evolution and to have
in exposing epitopes for immunostaining (Finleyremained remarkably constant.
and Petrusz, 198®yYakamatsiet al, 1997). In the SEC of the two terrestrial gastropods,
Invertebrate species from various phyla have beeimmunostaining with antibodies against basement
shown to express immunoreactivity to vertebrattmembrane components did not pick out a positive
laminin antibody (Spiegeit al, 1983Wessektal, band below the epithelium, but extensive areas of
1984;Vanhems and Delbos, 1989) and laminin-likepositivity within the SECThis is fully consistent
molecules have been isolated from the ECM of se\with our electron microscopic findings (Bairai
eral invertebrates (Mc Cartley al, 1987; Fessleat  al., 2001) which revealed at best a very thin lamina
al., 1987; Beclet al, 1989; Chiquett al, 1988)A  densa below the epithelium, not always discernible
laminin-like molecule has also been reported in gasunder the light microscope, and the presence within
tropods (Miller and Hadlgy1991; Humbert-David the SEC of extensive areas having similar ultra
et al, 1995); our data show it is present in severestructure to lamina densa, which surrounded SEC
molluscan classes. structures and extended to the deeper muscular stro
We used a polyclonal antibody against laminin Ima.That these extensive tracts turned out to be pos
from the basement membrane of the murine EH itive for type IV collagen, laminin, nidogen and
tumor line which recognises epitopes present in aHSPG provides convincing support to our sugges
three laminin 1 chainsaf, p1, y1). Since other tion, advanced on the basis of morphological data
laminin isoforms (laminin 2, 3, 4, 6 and 7) contain(Bairati et al, 2001) that these can be considered
one of the laminin 1 chains, we cannot determinenormous tracts of basement membrane with, pre
which laminin isoforms are present in the basesumably specific mechanical functions. Pedersen
ment membrane of the molluscs studied. (1991) proposed that such extracellular subepithe
Our findings of positivity to antibodies against lial structures, together with typical basement mem
nidogen and the sugar portion of HSPG indicatbranes, should be considered as a single morpho-
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functional entity the basement matrixmediating Stazione Zoologica ‘A. Dorntof Naples for sup
relations between ecto-endoderm and mesenchyrplying the marine animals.
derivatives.
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