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SHORT COMMUNICATION
Oxygen dynamics in choanosomal sponge explants
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Abstract

Oxygen microprofiles were measured over the boundary layer and into the tissue of 10-day-old cultivated tissue fragments
(explants of 2—4 cm?®) from the choanosome of the cold-water sponge Geodia barretri with oxygen-sensitive Clark-type
microelectrodes. At this time of cultivation, the surface tissue and the aquiferous system of the explants is regenerating,
which makes oxygen and nutrient supply by pumping activity impossible. Oxygen profiles showed a parabolic shape,
indicating oxygen flux over a diffusive boundary layer and into the tissue. Oxygen was always depleted only 1 mm below the
sponge surface, leaving the major part of the explants anoxic. Diffusive oxygen flux into the explant was calculated from
three oxygen profiles using Fick’s first law of diffusion and revealed 9 pmol O, cm 2 day ', which is in the lower range of in
situ oxygen consumption of whole sponges. The ability of G. barretti to handle continuous tissue anoxia enables
choanosomal explants to survive the critical first weeks of cultivation without a functional aquiferous system, when oxygen is
supplied to the sponge explant by molecular diffusion over its surface.
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2003), which also include anaerobic microbes (San-
tavy et al. 1990; Schumann-Kindel et al. 1997;
Webster et al. 2001; Hoffmann et al. 2005). In
direct comparison, Reiswig (1974, 1981) reported a
higher oxygen demand of bacteriosponges than of
non-bacteriosponges.

Many marine sponges produce secondary meta-
bolites with potential interest to society. Limited
possibilities for supply of these compounds from
natural resources often delay or even stop further
development of a product after its initial discovery
(Munro et al. 1999; Pomponi 1999; Faulkner 2000).

Introduction

Sponges are sedentary filter-feeding organisms with
a simple body plan built around a system of water
canals. They obtain organic carbon and oxygen from
the ambient water filtered through the sponge body
by flagellated cells, choanocytes, which are gathered
in choanocyte chambers. Pores for incurrent water
and exhalant openings (osculi) are scattered over the
sponge surface. Sponges with a functional canal
system react to environmental changes with mod-
ulation of the pumping rate, and can also stop

pumping for several hours (Reiswig 1971; Vogel
1977; Gerodette & Flechsig 1979; Pile et al. 1997).
Sponges usually use only a small fraction of oxygen
in the filtrated water for respiration (e.g. Reiswig
1971, 1974; Osinga et al. 2001). Numerous sponges
are associated with large amounts of micro-organ-
isms (Vacelet & Donadey 1977; Hentschel et al.

This has led to an increased interest in the biotech-
nological production of sponge tissue. The cultiva-
tion of sponge tissue samples (explants) in both
land- and sea-based aquaculture seems to be the
most successful technique at present (Osinga et al.
1999; Belarbi et al. 2003). The first weeks are the
most sensitive phase in aquaculture initiation of
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sponges (Pronzato et al. 1999; De Caralt et al. 2003;
Hoffmann et al. 2003b; Nickel & Briimmer 2003).
Commonly, explants for sponge aquaculture contain
at least a part of old surface (ectosome) with pores
and osculi (e.g. Bavestrello et al. 1998; Muiiller et al.
1999; Nickel & Brimmer 2003). Connes (1966)
observed that explants cut entirely from the choano-
some failed to survive. However, Hoffmann et al.
(2003b) observed the opposite in cultivated frag-
ments of Geodia barretti Bowerbank, 1858, a bacter-
iosponge that produces bioactive secondary
metabolites (Solter et al. 2002; Sjogren et al.
2004). Choanosomal tissue fragments of this species
cut at least 2 cm away from the sponge surface were
successfully cultivated with regeneration of a func-
tional aquiferous system after 1 year of cultivation,
while those including old surface died within a few
days.

In contrast to explants containing at least a part of
the old ectosome, choanosomal explants show heal-
ing processes over the entire surface; a new ectosome
with pores and osculi has to regenerate from
choanosomal tissue. It is unclear how and if those
explants are capable of water pumping until new
pores and osculi have been formed.

Materials and methods

In order to investigate the mechanism of oxygen
supply to explants in this critical phase of cultivation,
oxygen profiles with 50 pm resolution over the
boundary layer and in the tissue of sponge explants
were measured with oxygen-sensitive Clark-type
microelectrodes (Clark et al. 1953; Revsbech &
Jorgensen 1986), as described by Schonberg et al.
(2004). After profiling, the sponge fragments were
kept in cultivation systems for another 2 days, and
were then fixed in 2% formaldehyde/0.04% glutar-
aldehyde in filter sterilized seawater. Microscopic
sections were prepared from tissue blocks embedded
in LR White or paraffin, as described by Hoffmann
et al. (2003a).

The sponges used for the experiments were
sampled near the city of Bergen on the west coast
of Norway, between 100 and 200 m depth on a hard
bottom slope in Korsfjord (60°09'12"N 05°08'52"E)
in October 2001. Cube- or cuboid-shaped fragments
of 2—4 cm’ (i.e. edge length of 1-2 cm) were cut
from the choanosomal tissue of freshly retrieved
G. barretti and kept in half-open cultivation systems
with unfiltered seawater, as described by Hoffmann
et al. (2003b). Sponge explants were placed on fine-
mesh plastic grids (3 mm mesh) with no artificial
connection, allowing the entire surface to be in
contact with the ambient water. Explants showing
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good surface regeneration and no signs of decay were
used for oxygen profiling after 10 days of cultivation.

Results

Three oxygen profiles were obtained from two
different sponge explants. The profiles showed a
parabolic shape (see Figure 1). Oxygen was always
depleted between 0.5 and 1 mm below the sponge
surface, leaving the major part of the explants
anoxic. From the diffusive boundary layer above
the sponge surface, vertical concentration gradients
of oxygen (dc/dz) were calculated, which ranged
between 0.16 and 0.2 pM O, pm ', mean =0.18.

The explants used for the experiments did not
show any signs of decay 2 days after profiling, and
microscopic investigation showed good tissue regen-
eration. The cut surfaces were covered with a
transparent ‘“skin” of cells (observation by eye).
The massive accumulation of cells with inclusions
and motile sponge cells, as well as the presence of
degenerated choanocyte chambers, indicated tissue
remodelling in the superficial layer of the explants
(microscopic observation).

Discussion

When explants of G. barretri die, the tissue turns
black, exhibits a sulphidic smell and is quickly
covered by a slimy white mat of microbes and
protists (pers. obs.). This happens within a few
hours. The explants used for oxygen profiling
did not show these features within 2 days following
the experiments. The regeneration processes ob-
served in microscopic tissue sections were typical for
healthy explants after 10 days of cultivation (Hoff-
mann et al. 2003b). We therefore conclude that the
sponge explants were in a good condition during the
experiments.

The oxygen profiles show that most tissue parts of
the explants were permanently without free oxygen.
The shape of the oxygen profiles is similar to those
obtained from undisturbed marine sediments
(Revsbech & Jorgensen 1986; Rasmussen & Jorgen-
sen 1992). This indicates continuous diffusive flux
into the sponge tissue, with no pumping activity
involved. Oxygen is supplied to the sponge explant
by molecular diffusion over a diffusive boundary
layer. In contrast, microprofiles of actively pumping
whole sponges show a combination of diffusive and
advective flux (Hoffmann et al. 2005). Microprofiles
are commonly used in aquatic sciences to calculate
diffusive fluxes using Fick’s first law of diffusion
(Jorgensen & Revsbech 1985; Rasmussen & Jorgen-
sen 1992; De Beer 2001; Roy et al. 2002). Using the
mean vertical concentration gradient of oxygen as
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Figure 1. Oxygen microprofiles measured in 10-day-old explants
of Geodia barretti. The parabolic shape of the profiles indicates
oxygen flux over a diffusive boundary layer (DBL) and into the
sponge tissue. A linear slope was fitted to the oxygen gradient
measured within the DBL and was used to calculate the diffusive
oxygen uptake rate (dc/dz) of the sponge explants. (a) explant 1,
(b, ¢) explant 2.

obtained from the profiles (0.18 pM O, pm '), an
oxygen flux into the explant over its surface of 2.27

pmol O, cm ™2 day ! was calculated. Assuming an
even diffusive flux over the entire surface, the total
oxygen consumption of sponge explants with 1.5 cm
edge length (surface area 13.5 cm?, volume 3.38
cm’) was 9.07 umol O, cm ™~ day . In situ oxygen
consumptions of sponges, as obtained from bulk
measurements, range between 4.8 and 600 umol O,
cm > sponge day ! (reviewed in Osinga et al.
1999).

It can be concluded that oxygen supply by
molecular diffusion over the sponge surface enables
explants of G. barretti of the given size to exhibit an
oxygen consumption rate that is in the lower range of
those of whole sponges. A prerequisite is that the
entire surface of the explants is in contact with the
ambient water, which must be of good quality. This
is consistent with observations from cultivation
experiments (Hoffmann et al. 2003b). Although
the diffusive flux of oxygen can balance the sponge’s
overall oxygen demand, the largest part of the
explant is permanently anoxic. Obviously, this spe-
cies can handle this situation well. Hypoxic and
anoxic conditions have also been described in the
tissue of actively pumping G. barrerti (Hoffmann et
al. 2005), as well as in primmorph cultures of
Suberites domuncula (Gatti et al. 2002). Associated
anaerobic sponge microbes may benefit from these
conditions. However, tissue anoxia was assumed to
be temporary, depending on the pumping activity of
the sponge (Hoffmann et al. 2005) or the current
velocity around the primmorph (Gatti et al. 2002).
The ability of G. barretri to handle continuous tissue
anoxia allows choanosomal explants of this species
to survive the critical first weeks of cultivation until
regeneration of the aquiferous system is completed.
During this time, oxygen is supplied by molecular
diffusion over the sponge surface.
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