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to bacterial invasion during degenerative processes
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Abstract : Exogenous bacteria are able to penetrate into the Chondrilla nucula body during degenera-
tive processes. The morphology of these microorganisms, their production of spores and their altera-
tions due to the sponge reaction have been studied.

Résumé : Pendant les processus de dégénérescence chez Chondrilla nucula, on a observé une popula-
tion de bactéries exogènes capables de pénétrer dans l'éponge. On a étudié la morphologie de ces or-
ganismes, la production des spores et leurs altérations liées à la réaction de l'éponge.

INTRODUCTION

The presence of extracellular bacteria is a common phenomenon in the mesohyl
of Porifera (Sarà & Vacelet, 1973). Such microorganisms may even occupy, as in
Aplysina, 38% of the tissue volume (Bertrand & Vacelet, 1971; Vacelet, 1975),
thus constituting a nutritional source on which the various cell types can feed
either directly by active phagocytosis (Vacelet, 1971, 1975, 1979 ; Gaino et al, 1977)
or indirectly as a result of the degeneration of bacteria (Sarà et al, 1973).

The association seems to be more closely related to the sponge organization and
to the development of the aquiferous system, than to ecological conditions or sys-
tematic position (Lévi & Lévi, 1965 ; Vacelet & Donadey, 1977 ; Wilkinson, 1978 a).

The variety of morphological types of microflora associated with Porifera, as
shown by means of ultrastructural investigations, has raised the question of a pos-
sible specificity of these symbionts. Microorganisms with deeply modified cell walls
have been described and, such a morphology can be considered as an adaptation
connected with endosymbiotic life (Vacelet, 1975 ; Vacelet & Donadey, 1977 ;
Wilkinson, 1978 a).

Moreover, the host sponge seems to be able to control its associated population,
by affecting bacterial organization, reproduction and growth rate. The association
is so strict in Apfysina that, with the first degenerative processes, the disappearance
of the typical bacteria and their replacement with exogenous ones have been ob-
served (Bertrand & Vacelet, 1971 ; Vacelet, 1975) ; these latter should be related to
sponge degeneration (Vacelet, 1979).
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This phenomenon has not been deeply investigated and studies on the symbiosis
between bacteria and sponges have mainly dwelt upon the morphological aspect,
with some attempts at classification by isolating bacterial strains selected from
some sponge species (Bertrand & Vacelet, 1971 ; Wilkinson, 1978 b ; Wilkinson et
al, 1981).

As the microflora is very abundant in Chondrilla nucula mesohyl (Gaino et al,
1976, 1977), this species has been utilised to investigate the reaction against exo-
genous bacteria which occurs during degenerative processes resulting from pro-
tracted laboratory culture.

MATERIAL AND METHODS

The specimens were collected along the coast of Portofino promontory, Italy, at
a depth of nearly 10 m and kept in a well-oxygenated, cooled aquarium (18° C
constant temperature).

Nearly a month later, when an evident bacterial film could be observed on the
sponge surface, some specimens were fixed in 2.5 % glutaraldehyde in artificial sea
water. After rinsing in sea water with addition of 6.5 g/1 of NaCl (Vacelet, 1975)
and postfixing for 1 hr in 2 % osmium tetroxide in sea water, the specimens were
dehydrated in alcohol and propilene oxide and embedded in Araldite. Thin sec-
tions were stained with uranyl acetate and lead citrate to improve contrast. Thick
sections for light microscopy were stained in toluidine blue.

The thin sections were observed on a Zeiss EM 9 electron microscope.

RESULTS

Observations were carried out on the ectosome and the choanosome.

Fig. 1 - Thin section of superficial ectosome with high concentration of exogenous bacteria ( ). SC :
spherulous cells.

Fig. 2 - Part of the sponge framed in figure 1, with dense bacteria on the surface.
Fig. 3 - Exogenous bacteria which have penetrated the ectosome.
Fig. 4 - The same exogenous bacteria, characterized by a reticulate nucleoplasm, in transverse and

longitudinal section.
Fig. S - Collagen fibrils ( 1 beside an exogenous bacterium which has penetraded the ectosome.
Fig. 6 - Thin section tangential to the external surface of the sponge. The darker areas represent zones

with higher bacterial concentration. SP : spicules.
Fig. 7 - Dense zone of bacteria in the framed zone of figure 6.
Fig. 8 - Morphology of exogenous bacteria that have penetrated into the mesohyl. The fibrillar com-

ponent of the collagen is irregular and loose.
Fig. 9 - Undulating external wall and endocellular vacuolarization in some bacteria.
Figs 10-11 -Exogenous bacteria with an elongated shape in the most internal strata of the ectosome. The

collagenous fibrils are less frequent around the bacteria.
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several direct attempts to compare the bacterial population of a sponge body with
that living in the environment (Madri et al, 1971; Wilkinson, 1978 b), have not
been resolved ; 2) ultrastructural studies directed to define the different morpho-
logical types (Vacelet, 1975 ; Vacelet & Donadey, 1977 ; Wilkinson, 1978 c) did not
explain till now the origin of a matrix bacteria population.

Also the degenerative processes seem to be caused by the action of bacteria,
even if these phenomena differ from case to case. In Aplysina cavernicola, for ins-
tance, the beginning of decomposition and the appearance of bacteria normally
absent from the host tissues (Bertrand & Vacelet, 1971) showed that the sponge is
able to choose its bacterial population and to defend itself, in normal conditions,
against the penetration of elements which could damage it.

In Chondrosia reniformis, whose resistance to degenerative processes is well
known (Nardo, 1847), it has been observed that fragments separated from the
sponge body show an active proliferation of symbiotic bacteria and that the de-
composition of the fibril bundles is related to the collagenolytic activity of these
bacteria (Garrone, 1975, 1978).

It has been observed that in normal conditions Chondrilla nucula does not show
any antimicrobial activity (Burkholder & Ruetzler, 1969). It is though possible that
the sponge operates its defense mechanisms when interested by a massive bacterial
invasion.

Some investigations of the marine bacteria and of the bacteria from different
sponge species, among which Chondrilla nucula, have shown an in vitro degenera-
tion of the collagen that is only due to the specific bacteria of the sponge
(Wilkinson et al, 1979).

In Chondrilla nucula tested in our investigation, loosening of the superficial
collagen fibers helps the penetration of exogenous bacteria that form the outer
bacterial film covering the sponge.

Observing the sponge it has been noticed the absence, in the ectosome stratum,
of the bacteria normally associated with the sponge tissue in Chondrilla nucula
(Gaino et al, 1977), while it has been found the presence of elements constituting
the external bacterial film. The penetration of such bacteria is probably due to
both the loosing of the ectosome collagen texture and to the active action on the
fibrils of the bacteria themselves.

Such a possibility seems unlikely, however, since, after penetrating into the
sponge, the bacteria mass only in the most superficial strata.

In some exogenous bacteria in the sponge it is possible to observe a number of
endocellular vacuoles that could represent cellular alterations due to the new en-
vironment in which the bacteria find themselves. The absence of choanocyte
chambers in the choanosome of the sponge indicates the absence of an active
aquiferous system.

This phenomenon has been observed also in disturbed areas of Aplysina caver-
nicola (Vacelet & Gallissian, 1978). It is possible, then, that with the beginning of
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degenerative processes, the bacteria, which have penetrated into the sponge body
through the canals of the aquiferous system, are able to invade the sponge body.
Bacteria with a reticulated nucleoplasm, typical of those found in the superficial
zone of the sponge have arrived in the most internal parts of Chondrilla nucula
through the canals. The alteration in the bacteria cells wall could represent a
reaction of the host tissue to these microorganisms.

Degenerating bacteria characterized by the presence of internal fibrils can also
be observed in the variously fragmented collagen. The production of spores from
some lengthened bacteria, the morphology of which is modified by the sporulation
processes, could also be connected to a reaction of the host tissue.

As sporogenous bacteria are usually anaerobic, the absence in Chondrilla nucula
of choanocyte chambers and hence of water currents in the sponge could provide
favorable conditions for development of the bacteria. Since the spores are produ-
ced by the bacteria as forms of resistance, their presence in the bacteria inside the
sponge could signify that the sponge is attempting a defence against the bacterial
invasion. Such a reaction is underlined by the fact that in some of the sporogenous
bacteria the outer coat of the spores appears deeply altered.

As the degeneration of bacteria and spores is common also in the zones still in
good condition, it is possible that such a process may be the result of a defensive
reaction by Chondrilla nucula. This phenomenon takes place even if wide areas of
the sponge body are damaged as well as marked by the invasion of ciliates.

ACKNOWLEDGMENTS

The authors gratefully acknowledge Professors C. Donadey, M. Sara and J. Va-
celet for their helpful advice ; we also thank the Electron Microscopy Center of the
Pathological Anatomy Institute, University of Genoa, for the use of a ZEISS EM 9
electron microscope.

REFERENCES

BERGQUIST, R.P., 1978. Sponges. Hutchinson and Co. London, 268 pp.
BERTRAND, C. & J. VACELET 1971. L'association entre Eponges cornées et bactéries. C.R. Acad. Sc. Paris,

273: 638-641.
BURKHOLDER. P.R. & K. RUETZLER, 1969. Antimicrobial activity of some marine Sponges. Nature, 222 :

983-984.
GAINO, E. & R. PRONZATO, 1983. Étude en microscopie électronique du filament des formes étirées chez

Chondrilla nucula Schmidt (Porifera, Demospongiae). Annls. Sc. Nat. Zool, Paris, 13e S., 5: 221-234.
GAINO E., M. PANSINI & R. PRONZATO. 1976. Osservazioni sull'associazione tra una Cianoficea croococcale e

la Demospongia Chondrilla nucula. Archo Oceanogr. Limnol, 18 : 545-552.
GAINO. E., M. PANSINI & R. PRONZATO, 1977. Aspetti dell'associazione tra Chondrilla nucula Schmidt (De-

mospongiae) e microorganismi simbionti (batteri e Cianoficee) in condizioni naturali e sperimentali.
Cah. Biol. Mar., 21: 11-22.



46 E. GAINO, R. PRONZATO

GAUISSIAN, M.F. & J. VACELET, 1976. Ultrastructure de quelques stades de l'ovogenèse de spongiaires du
genre Verongia (Dictyoceratida). Ann. Se. Nat. Zool, 18: 367-380.

GARRONE, R., 1975. Collagen resorption in Sponges : involvement of Bacteria and Macrophages. In :
Protides of the biological fluids, H. Peeters edit. Pergamon Press, Oxford and New York, 59-63.

GARRONE R., 1978. Phylogenesis of connective tissue, morphological aspects and biosynthesis of sponge in-
tercellular matrix. S. Karger, Basel, 250 pp.

LÉVIC. & P. LÉVI, 1965. Populations bactériennes dans les éponges. J. Micros., Paris, 4:151.
LÉVI C. & P. LÉVI, 1976. Embryogenèse de Chondrosia reniformis (Nardo) Démosponge ovipare, et

transmission des bactéries symbiotiques. Ann. Sc. Nat. Zool, 18 : 367-380.
MADRI, P.P., M. MERMEL & G. CLAUS. 1971. The microbial flora of sponge Microciona prolifera Verrie and

its ecological implications. Botanica mar., 14 : 1-5.
MÜLLER, W.E.G., R.K. ZAHN, C.B. KURELE, C. LUCU, J. MULLER, & G. UHLENBRUCK 1981. Lectin, a possible

basis for symbiosis between bacteria and sponges. J. Bact., 145 : 548-558.
NARDO, G.D., 1847. Osservazioni anatomiche sopra l'animale marino detto volgarmente rognone di mare.

Atti 1st. Veneto, 6 : 267-268.
SARÀ. M., E. GAINO & F. VALENTIN-, 1973. Nouvelles données sur les associations entre Eponges et bacté-

ries. Rapp. Comm. int. Mer Médit., 22: 97-98.
SARÀ. M. & J. VACELET 1973. Écologie des Démosponges. In : Traité de Zoologie, Anatomie, Systématique,

Biologie, Vol. III. P.P. Grassé edit. Masson, Paris, 462-576.
VACELET J., 1971. Étude en microscopie électronique de l'association entre une Cyanophysée chroococ-

cale et une Eponge du genre Verongia. J. Microscopie, 12 : 363-380.
VACELET, J., 1975. Étude en microscopie électronique de l'association entre bactéries et spongiaires du

genre Verongia (Dictyoceratida). J. Microscopie Biol. Cell., 23 : 271-288.
VACELET, J., 1979. La place des spongiaires dans les systèmes trophiques marins. In : Biologie des spon-

giaires. C. Lévi and N. Boury-Esnault edit. C.N.R.S. Paris, 259-270.
VACELET J. & C. DONADEY, 1977. Electron microscope study of the association between some sponges and

bacteria. J. exp. Biol. EcoL, 30: 301-314.
VACELEI; J. & M.F. GALLISSIAN, 1978. Virus-like particles in cells of the sponge Verongia cavernícola

(Demospongiae, Dictyoceratida) and accompanying tissue changes. J. Inv. Path., 31 : 246-254.
WILKINSON, C.R., 1978 a. Microbial association in sponges. I. Ecology, physiology and microbial popula-

tion in Coral Reef Sponges. Marine Biology, 49 : 161-167.
WILKINSON, C.R., 1978 b. Microbial association in sponges. II. Numerical analysis of sponges and water

bacterial population. Marine Biology, 49 : 169-176.
WILKINSON, C.R., 1978 c. Microbial association in sponges. III. Ultrastructure of the in situ association in

Coral Reef Sponges. Marine Biology, 49 : 177-185.
WILKINSON, C.R., R. GARRONE & D. HERBAOE, 1979. Sponge collagen degradation in vitro by sponge-

specific bacteria. In : Biologie des Spongiaires. C. Lévi and N. Boury-Esnault edit. C.N.R.S., Paris,
361-364.

WILKINSON, C.R., M. NOWAK, B. AUSTIN & R.R. COLWELL, 1981. Specificity of bacterial symbionts in Medi-
terranean and Great Barrier Reef Sponges. Microb. Ecol., 7 : 13-21.




