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SUMMARY
Fourteen well-defined collagen types are known in vertebrates and a few of their counterparts have been described in invertebrates. A single, ancestral collagen type might have been
expected in the most primitive multicellular animais, the sponges. Tbese organisms actually
contain collagen in two forms, cross-striated fibrils and a large assembly of thin filaments
constituting the spongin skeleton. A molecuJar biology study bas revealed tbat these two
forms correspond to two distinct genetic collagen types. Severa! short-chain collagen sequences have been deduced from tbeir eDNA. They bear homologies with nematode cuticular
collagens, witb basement membrane collagens and witb the type XIII collagen of vertebrates.
The corresponding genes are expressed in cells secreting the spongin. A fibrillar collagen bas
also been characterized. Its structure at the C-terminal non-belical domain and its gene
organization allowed a comparison with the vertebrate type XI fibrillar collagen, considered
as an axial core contained in vertebrate larger fibrils.

The multicellular animais are not only characterized by their cells, numerous,
differentiated and coordinated, but also by their unique intercellular medium, composed of severa! macromolecular species. This extracellular matrix is involved in the
mechanical integration of the different cells and tissues, and, in addition, modtùates
the cell differentiation and behaviour (TRELSTAD, 1984). Among the various components of the extracellular matrix, collagen is certainly the most universal protein
(BAIRATI and G ARRONE, 1985).
Its skeletal function has been obviously recognized as collagen is the main
organic component of bone and constitutes the framework of cartilage. Collagen is
also involved in specialized structures such as fish scales (FRANCILLON, et al., 1990)
(1) Presented at the Second Belgian Congress of Zoology, Diepenbeek, Belgium, 1516 November 199 1.
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and in severa! skeletal deviees in invertebrates (BAIRATI and GARRONE, 1985). In the
most primitive multicellular animais, the sponges, collagen can form a reticulate
organic skeleton, for example the skeleton making the natural bath sponges. In this
case, the coarse fibers are composed of the association of thin unit filaments of
spongin (about 10 nm in diameter), collagenous in nature. In other species, the
deposit of such filaments is used to link together siliceous needles, the spicules,
building then a skeleton combining silica and collagen. In addition, these filaments
are used to stick the sponges to rocks, shells, or Petri dishes in the laboratory
(Pl. I). In ali species of sponges, the extracellular matrix contains banded fibrils ,
20 nm in diameter (Pl. 1), scattered or associated in bundles, which are also composed of collagen (GARRONE, 1978). Similar fibrils are found in the cnidarians, and
fibrils with a more complex baoding pattern are current constituents of extracellular
matrices of almost ali other animais.

Plate 1. - Electron microscope view of the two collagen structural units present in sponges :
collagen fi bri ls (the largest fibri ls) a nd spongin fi laments (the thinnest elements) in the background . Negative staining, X 100,000 .

These collagen fib rils are fonned by the regular association of collagen
molecules . .Each molecule itself is a triple heli x formed by the intertwining of three
helical polypeptides, the alpha chains. T he amino acid sequences of the collagen
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alpha chains are characterized by the repetition of triplets Gly-Xaa-Yaa. This conformation is stabilized by the presence of imino acids in about 30 % of the Xaa
and Yaa positions (prolyl and hydroxyprolyl residues respectively). Actually, the
extremities of the molecule are composed of non helical domains (often termed
non-collagenous domains) which may or may not be removed during the maturation of the molecule. For sorne collagens, short, non helical domains can also interrupt the helical domain. Fourteen different collagen types are known in vertebrates
(VAN DER REsT and GARRONE, 1991 ). They form a variety of extracellular assemblies : banded fibrils (types I, II, III, V and XI), fibril coats (types IX, XII,
perhaps XIII, and XIV); sheets (types IV - the basement membranes - , VIII and
X), beaded filaments (type VI), short anchoring segments (type VII).
Severa! hypotheses have been considered to determine the most primitive of
these collagen types. In order to bring a contribution to this point, we investigated
the collagen of sponges using a molecular biology approach. We choose a
freshwater species (Ephydatia mülleri LIEB) easy to use in laboratory experiments.
From 3-day-old sponges, total RNA populations were isolated and translated in
vitro. Among the translation products, four peptides were sensitive to collagenase
digestion. Two of them had an estimated molecular mass of about 200 and 160 kDa
respectively. They can be compared to precursors of vertebrate alpha chains of
fibrillar collagens. The two other collagenase-sensitive translated peptides had a
molecular mass of 81 and 48 kDa respectively and they correspond to short-chain
collagens (EXPOSITO et al., 1990). Poly(A)-rich RNA was then used to construc a
eDNA library with lv gt 10 as vector. This library was screened first with a probe
corresponding to a human collagen (type I, al chain). A clone, EmC4, was isolated
and characterized. It coded for a short-chain, non-fibrillar collagen (EXPOSITO et al. ,
1990). The 1.2kb insert of this clone was then used to screen the same library at
high stringency. Severa! additional positive clones were detected, which ali coded
for collagenous polypeptides with a structure similar to the previous one, encoded
by EmC4 (Fig. 1). These polypeptides contain two heJjcal domains (66 and
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Fig. 1. - Comparison of the structure of a sponge short-chain collagen chain (EmC13), a
nematode cuticular chain (Col- l) a nd a type XIII collagen chain (a 1 XIII, E3). T he solid
!ines correspond to non-helical domains (NC) ; the boxes indicate the helica l domains (COL).
T he nu rn bers correspond to the number of ami no acid residues in each domain. The position
of cysteines are shown by vertical ba rs wit h a dot (modi fïed from EXPOSITO et al. , 199 1).
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171 amino acid residues) separated by a short non-helical domain (13 to 16 amino
acid residues, with 2 or 3 cysteines), and a C-terminal, non-helical domain of 156
amino acid residues with 9 cysteines (EXPOSITO et al., 1991). These collagen chains
had sirnilarities with various other vertebrate and invertebrate collagen chains. The
helical domains are comparable in size to the helical domains COL-l and COL-2
of vertebrate type XIII collagen (66 and 172 amino acid residues); the central, short
non-helical domain is similar in size and cysteine positions with interruptions in
nematode cuticular collagens (EXPOSITO et al., 1991); and the C-terminal non-helical domain can be compared to the same domain of type IV (basement membrane)
collagen in vertebrales (EXPOSITO et al., 1990). The genomic DNA of E. mülleri was
digested with severa! restriction endonucleases and analyzed by Southern blotting.
Using the EmC4 probe, 10 to 12 bands were revealed for each enzyme used,
indicating that approximately 10 highly homologous genes belong to the same
family. They aU encode short chain collagens (EXPOSITO et al., 1991). This situation
is reminiscent of the nematode cuticular collagen gene family (Cox et al., 1984). By
in situ hybridization methods, it was demonstrated that the cells expressing these
genes were secreting the collagenous filaments (spongin) a round spicules and in the
basal, sticking cement (EXPOSITO et al., 1991).
Screening of the eDNA Iibrary also revealed a clone, C 23, positive only at Iow
stringency, and coding for a different collagen chain named Emfla. The conceptual
translation product comprises an uninterrupted helical domain (with one imperfection due to an additional amino acid insertion in one of the triplets) and a non-helical, C-terminal domain containing 7 cysteines (EXPOSITO and GARRONE, 1990).
Computer alignement of this domain with comparable domains of vertebrate and
sea urchin fibrillar collagen chains revealed homologies with vertebrate type XI
collagen (EXPOSITO and GARRONE, 1990).
A genomic Iibrary was then constructed by inserting E. mülleri genomic DNA
fragments into the Xho 1 site of Â. GEM-ll DNA (Promega). This library was
screened using the available spo nge collagen probes. With the probe corresponding
to the fibriUar collagen, the isola ted gene encoded the Emfla collagen chain
(EXPOSITO and GARRONE, 1990). Ail the exons coding for the helical domain begin
with a complete Gly codon a nd terminate with a complete Yaa codon. Moreover,
for most of them, their size is 54 bp or a multiple of 54 bp. These two features are
typical of the gene organizl:ltion of fibrillar collagens (Fig. 2). Additional characters
lying in the 3' end of the regions coding for the helical domain strenghten the comparison with type XI collagen (ExPosno a nd GARRONE, 1990). This comparison is
highly significant if one considers that in vertebra tes the type XI collagen (a nd a lso
type V) has been postulated as forming a thin axial core inside large collagen fi brils
(MENDLER et al. , 1989). Using the probes corresponding to the short-chain
collagens, the genes which were cloned had not the characteristic o rganization of
fibrillar collagen genes. The exons coding for the helical domains had variable sizes
and they ali began with sp lit Gly codons (EXPOSITO et al., 199 1).
In conclusion, sponges contain a t !east two collagen types (Pl. I). One is a
fibriUar collagen, presumably forming the cross-striated fibrils present in the intercellular spaces of a li species. T he small diameter of these fibrils (20 nm) and their
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Fig. 2. - Comparison the organization of vertebrate and sponge fibrillar collagen
genes for the region coding for the C-terminal end of the helical domain. The black
boxes indicate the ex ons. CO LI A2 : gene coding for the chain a 2 of the type 1
collagen; COLFJ : sponge fibrillar collagen gene. The upper line indicates the vertebrate exon numbers. The numbers above (verbrate) and below (sponge) the exons
indicate their size in base pairs. In the bottom of the figure is represented a tentative
reconstruction · of an hypothetical ancestral collagen gene.

very simplified banding pattern make them rudimentary collagen fibrils. It is
reasonable to think that their counterpart in vertebrates (and probably in more
organized invertebrates) are the fibrillar collagen types V and XI supposed to constitute the internai core of large collagen fibrils. The second sponge collagen type
might be present as a basal cement in most species and as a skeletal component in
certain groups. It is clearly the main constituant of the thin spongin filaments. This
collagen has in fact a surface localization, even if it is secondarily internalized to
make the organic skeleton. It is then not surprizing if it has features reminiscent
of nematode cuticular collagens. As it is also deposited by cell layers, the comparison with basement membrane collagens is explainable. This collagen might then
be the percursor of (1) external, secreted collagens such as sorne skeletal collagen
in cnidarians, cuticular collagens in nematodes and annelids, byssus threads in
molluscs, egg case in selachians, and (2) internai basement membrane collagens
(BAIRATI and ÜARRONE, 1985). These two collagen types have probably envolved in
completely separate ways.
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