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INTRODUCTION

Sponge–microbial associations have long been
documented and probably date back to Precambrian
times about 500 million years ago (Wilkinson 1984);
however, relatively little is known about the nature of
the interactions, although recent molecular studies
appear to be making progress in this area (e.g. Muller
et al. 2004, Regoli et al. 2004). The amount of bacteria
residing in sponge species varies dramatically but can
constitute up to 60% of the biomass (Wilkinson
1978a,b,c), suggesting that bacteria may play a crucial
role in determining the nutrition, health, and chemical
defenses of the host sponge. Because water column
microorganisms provide a food source for the filter
feeding sponge, differentiating between truly asso-
ciated species and food species is difficult. This de-
termination is important for gaining a better under-
standing of the nature and function of the association
and also to begin to identify true symbioses.

A community of morphologically diverse bacteria
has been found to be associated with various marine
sponges through the use of techniques including cul-
tivation (Santavy et al. 1990, Olson et al. 2000,
Hentschel et al. 2001, Webster & Hill 2001) and elec-
tron microscopic examination (Friedrich et al. 1999,
Webster et al. 2001). Results obtained by various
researchers demonstrated that the bacterial communi-
ties recovered from sponges were distinct from those
recovered from ambient seawater (Wilkinson 1978b,
Santavy & Colwell 1990, Burja & Hill 2001, Hentschel
et al. 2002). These diverse microbial communities may
play a role in many biological functions, whether
beneficial to the host organism or not. Our laboratory
has performed cultivation studies using numerous
marine media with various media additions aimed at
increasing the aerotolerance of the microbes. These
studies demonstrated that microbial recoverability
could be increased by employing the media additions,
but that responses were dependent upon the media
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composition and media supplement used (Olson et al.
2000). Even with this increase in recoverability, it was
still not possible to conclusively differentiate among
transient organisms (unphagocytized food or water-
column bacteria) and those specifically associated with
the host sponge.

Recently, investigators have begun to apply molecu-
lar methods to characterize sponge-associated micro-
bial communities. Hentschel et al. (2002), working with
approximately 6 individuals from 2 shallow-water
species and sequences obtained from 2 other species
by other researchers (Altoff et al. 1998, Webster et al.
2001), found that sponges from different oceans sup-
ported similar, yet phylogenetically diverse, microbial
communities. In contrast, Webster et al. (2004) and
Taylor et al. (2004), working with marine sponges from
the Antarctic and Australia, respectively, found that
bacterial sequences from those organisms shared little
phylogenetic similarity to other sponge-derived bac-
terial sequences. The authors acknowledged that the
lack of sequence similarity may have been due to the
extreme environment of the Antarctic or to differences
in sample selection and/or methodologies.

The aim of the present study was to examine the
composition of the bacterial communities of 2 deep-
water Scleritoderma spp. sponges by cultivation and
by denaturing gradient gel electrophoresis (DGGE)
analysis of partial 16S rRNA genes from bacterial DNA
isolated from sponge tissue. In addition, we isolated
DNA from the bacteria cultured from sponge tissue
and analyzed this community by DGGE as well. The
combination of traditional cultivation and molecular
approaches was used to emphasize similarities and
differences in the results obtained regarding the com-
position of the microbial community and to help differ-
entiate between transient and associated populations.

MATERIALS AND METHODS

Experimental design. Deep-water sponges were col-
lected during exploratory submersible dives in which
the goal was to sample the highest diversity of marine
life; this precluded collecting replicate sponge sam-
ples. One lithistid sponge was collected at depth from
each of 2 geographically distinct locations using a
manned, deep-diving submersible, and sponge tissue
was carefully excised to reduce the presence of tran-
sient bacteria. The sponge tissue was homogenized
and subsampled. DNA was extracted from 1 subsam-
ple and the community structure of associated bacter-
ial populations determined using DGGE. Bacteria
were cultured from the other subsample using a vari-
ety of media and supplements. DNA was extracted
from the isolates, combined, and this mixture was used

as a template for PCR. The 2 contrasting communities,
culturable bacteria and bacteria detected by PCR
amplification of DNA recovered from sponge tissue,
were then compared using DGGE.

Sponge collection. Two lithistid source sponges
were collected from deep-water sites in the Nether-
lands Antilles using Harbor Branch Oceanographic
Institution’s Johnson-Sea-Link I submersible during
May 2000. The first sponge (Scleritoderma cyanea,
sample # 12-V-00-3-004) was retrieved from a rock
overhang at 242 m depth off the coast of Curaçao. Four
days later, the second sponge (Scleritoderma sp.,
sample # 16-V-00-1-001) was collected off the coast of
Bonaire from a rock substrate at 255 m depth. In situ
measurements taken during the dives indicated that
water conditions (e.g. temperature = 12 to 15°C, pH,
salinity) were similar for the 2 sponges. The 2 sponges
were collected by suction, placed into Plexiglas buck-
ets mounted on the submersible work platform and
aseptically removed from the buckets on return to the
surface. Morphology was recorded, and small portions
were subsampled for analysis and identification. The
sponges were identified through examination of
spicule preparations and morphological features.
Small sections of the sponges (~5 g wet weight includ-
ing both pinacoderm and mesohyl regions) were
gently rinsed in sterile natural seawater, cut into
smaller pieces, and homogenized at low speed with an
ethanol sterilized VirTis high-speed homogenizer.
Resulting supernatants were serially diluted in sterile
natural seawater. The remaining undiluted sponge
suspension was stored at –80°C with an equal volume
of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) for
molecular analyses.

Isolation media and growth conditions. Five media
were used for cultivation of sponge-associated marine
microorganisms. OLIGO is a recipe from Santavy &
Colwell (1990), while C-mix, maltose-supplemented
seawater (MsH2O) and 60:40 were used in a previous
recoverability study (Olson et al. 2000). The final
medium, MUCIN, was prepared using 1.0 g mucin,
1.0 ml trace metal solution (2.86 g H3BO3, 1.81 g MnCl2
· 4H2O, 1.36 g FeEDTA, 0.08 g CuSO4 · 5H2O, 0.049 g
Co(NO3)2 · 6H2O, 0.39 g NaMoO4 · 2H2O, 0.22 g ZnSO4

· 7H2O, 1 l distilled H2O), 1.0 ml PO4
– solution (5.0 g

NaH2PO4 · H2O, 1 l distilled H2O), 1 l filtered seawater,
and 10 g agar. All media were prepared immediately
prior to the expedition and stored in sealed sleeves in
the dark to minimize photo-oxidation and free radical
formation. A control (unsupplemented) and plates sup-
plemented with catalase (100 U ml–1 filter sterilized
and added to molten media; Padgett et al. 1982, Cal-
abrese & Bissonnette 1990), sodium pyruvate (1%
wt/vol added to media prior to autoclaving; Martin et
al. 1976, Calabrese & Bissonnette 1990), and norepine-
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phrine (50 µM final concentration with 1.8 µM FeCl3
solution, filter sterilized and added to molten media)
were used for each medium inoculated. Triplicate
plates for each supplement for the 5 media were inoc-
ulated with 50 µl of sponge supernatant dilutions for 2
dilutions per experiment using the spread plate tech-
nique. All plates were allowed to dry overnight in the
dark prior to placing into sleeves for storage. Inocu-
lated plates were stored inverted in sealed sleeves in
the dark at room temperature (approx. 20 to 25°C) for a
minimum of 28 d. Following incubation, individual
colonies were selected for isolation based on colony
morphology. Colonies were transferred to fresh plates
of the isolation media and incubated at room tempera-
ture in the dark. Individual colonies were streaked
onto fresh plates until pure cultures were obtained.

DNA extraction and PCR amplification. Bacterial
isolates were grown to stationary phase in liquid media
(marine broth; 5 g peptone, 1 g yeast extract, 1 ml trace
metal solution, 1 l artificial seawater), and cells from
1 ml of culture medium recovered by centrifugation for
2 min at 16 000 × g. The cell pellet was resuspended in
100 µl of a sterile 5% Chelex 100 suspension (100 to
200 mesh sodium form resin [Bio-Rad Laboratories] in
distilled water). DNA was extracted by incubating at
70°C for 1 h with vigorous vortexing every 15 min
followed by 2 to 4 freeze-thaw cycles. Successful DNA
extraction was verified for randomly selected Gram-
negative and Gram-positive isolates. For each source
sponge, a 2 µl subsample of extraction mixture from
each isolate was combined and this pooled DNA used
for PCR amplifications.

DNA from the sponge suspensions was obtained by
centrifuging 3.0 ml of the TE stored sample for 5 min
at 16 000 × g, removing the majority of the supernatant
(~2.75 to 2.85 ml), and using the remaining cell pellet
for extraction with the Qiagen DNeasy Plant Mini
Kit (Qiagen). A 3 h 70°C incubation step with periodic
vigorous vortexing replaced the manual’s suggested
10 min 65°C incubation procedure. All other steps
were performed as recommended by the manufacturer.
The resulting eluates were further cleaned through the
use of Qiagen DNeasy tissue kits in order to obtain
samples sufficiently clean for PCR amplifications.

Universal bacterial primers 8F and GC536R (with a
40 bp GC clamp; Sheffield et al. 1989) (8F: 
5’-AGAGTTTGATCCTGGCTCAG-3’, and GC536R:
5’-CGCCCGGGGCGCGCCCCGGGCGGGGCGGG
GCACGGGGGGCGGCCGCGGCTGCTGGCACGT
A-3’; Lane et al. 1985) were used to amplify a portion of
the 16S rRNA gene from both bacterial DNA isolated
from sponge tissue and bacterial DNA from organisms
isolated from sponge tissue. Amplification conditions
were 94°C for 1 min, 55°C for 1 min, and 72°C for
1.5 min, with a 7 min 72°C final extension following the

30th cycle. Amplification products were electro-
phoresed on a 1% agarose gel, stained with ethidium
bromide, and visualized under UV transillumination.
PCR products from 3 separate amplification reactions
were pooled and ethanol precipitated to reduce
sample bias and concentrate the DNA. The resulting
pellets were resuspended in 40 µl of TE buffer. 

DGGE. DGGE was performed using a DCode Uni-
versal Mutation Detection System (Bio-Rad). The 16 ×
16 cm 6.5% polyacrylamide gradient gel was cast
until it was approximately 1 cm below the end of the
comb teeth and allowed to polymerize. In order to
eliminate pooling of unpolymerized denaturant in the
wells, a 0% denaturant polyacrylamide gel was cast
on top of the gradient gel into which the comb was
inserted. Gradient gels were prepared with a denatu-
rant gradient of formamide and urea from 30 to 70%
(using 0 and 100% denaturant stock solutions) and
polymerized by addition of ammonium persulfate and
TEMED according to the DCode system manual. PCR-
amplified DNA (30 µl) was loaded onto the gel and
run at a constant voltage of 100 V at 60°C for 16 h in a
1.25× TAE buffer. Gels were removed from the glass
plates and stained with ethidium bromide for 30 min
followed by a 1 h destain in 0.5× TAE buffer. Gels
were documented using UV transillumination and
Polaroid photography. Polaroid photographs were
scanned and inverse images acquired using Adobe
Photoshop software.

Individual bands were excised from the acrylamide
gel using sterile technique and placed into microcen-
trifuge tubes with 20 µl sterile water. The tubes were
vortexed vigorously and incubated at 4°C for 24 h. PCR
amplifications were performed using 1 µl of the DNA
eluted from the bands and non-GC-clamped 16S rRNA
primers 8F and 536R (5’-GWATTACCGCGGCK-
GCTG-3’) for 30 cycles as described previously. Ampli-
fication products were stained and visualized under
UV transillumination. The correctly sized products
were cut out of the gel, purified with a Geneclean II kit
(Bio 101), ligated into vector pCR 2.1 (TA Cloning Kit;
Invitrogen), and used to transform Escherichia coli
according to the manufacturer’s instructions. Plasmids
with inserts of the correct size were sequenced at the
University of Florida DNA Core Sequencing Facility
using the fluorescent dideoxy terminator method on an
Applied Biosystems 373A or 377 automated DNA
sequencer.

The sequences obtained during this study are avail-
able at GenBank under accession numbers AY046061
to AY046068. Aligned partial 16S rRNA sequences
were analyzed using parsimony with PAUP* 4.0b10
(Swofford 2002). A bootstrap analysis with 1000 itera-
tions was conducted (Felsenstein 1985). NIH Image
software (available http://rsb.info.nih.gov/nih-image/)
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was used to determine presence, spatial relationships,
and fluorescent intensities of the DGGE banding pat-
terns. Peaks were counted as distinct bands if they
were approximately 2 times larger than the back-
ground level and had distinct upslopes and
downslopes with a discernable peak. These criteria
were the same for co-eluting shoulder peaks.

RESULTS

Isolation studies

In total, 120 microbial isolates were obtained from
the Scleritoderma spp. sponges collected (by chance,
60 isolates from 12-V-00-3-004 and 60 isolates from 16-
V-00-1-001). Similar numbers of isolates were recov-
ered from the 2 sponges on each medium employed.
Two of the media used yielded greater numbers of
isolates than the remaining 3 but did not share similar
carbon availability or nutritional content, suggesting
that sponge-associated microbial communities exhibit
substantial metabolic diversity. Growth from OLIGO
and C-mix media combined provided 58.2 and 59.9%
of the isolates recovered from each sponge sample,
while 60:40 and maltose-supplemented seawater
media jointly accounted for only 23.3 and 18.3% of the
isolates (Table 1). Media supplemented with mucin,
used to mimic the mucilage and polysaccharide mater-
ial commonly found associated with marine sponges,
provided the median range of recoverability, with 18.3
and 21.6% of the isolates.

For the media treatments, media supplemented with
either catalase or sodium pyruvate provided the maxi-
mal number of isolates, accounting jointly for over 60%
of the recovered microorganisms for each sponge
sample (Table 1). Unamended media and norepin-
ephrine-supplemented media yielded lower numbers
of colonies. Similar numbers of isolates were obtained
for the 2 geographically distinct sponge samples with
each of the media amendments.

The majority of the recovered organisms stained
gram-negative, which was expected from Gram stains
performed on the whole sponge supernatants (>80%
gram-negative; J. B. Olson pers. obs.). A large majority
of the isolates displayed a rod-shaped cellular mor-
phology, with highly variable lengths and widths. A
much smaller number were found to be cocci, often
occurring in tetrads and clumps. About one-third of the
isolates demonstrated substantial colony pigmenta-
tion, mostly occurring in the beige, yellow, and orange
hues. The pigmented coccoid isolates were far more
likely to stain gram-positive than other isolates.

DGGE results

The DGGE banding patterns of the bacterial DNA
isolated from the 2 species of sponge showed a number
of co-occurring bands (Fig. 1, Lanes 1 and 4). NIH
Image scans revealed that Lane 1 contained 26 distinct
bands and Lane 4 contained 19 bands and that these
lanes shared 12 bands in common, a 46 and 63% com-
monality, respectively (Fig. 2). The DGGE banding

patterns of the bacterial DNA from
organisms cultured from the 2 sponge
species also showed co-occurring
bands (Fig. 1, Lanes 2 and 5). NIH
Image scans revealed that Lane 2
contained 11 distinct bands and Lane 5
contained 10 bands and that 45% of
the bands in these 2 lanes were
common to both (Fig. 2).

The DGGE banding patterns of the
bacterial DNA isolated from sponge tis-
sue and bacterial DNA from organisms
cultured from sponge tissue were dif-
ferent (Fig. 1, Lanes 1 and 4 vs. 2 and
5). For each sponge specimen, there
are far more visible bands, ranging
across a larger denaturant gradient, in
the bacterial DNA isolated from sponge
tissue than for the bacterial DNA from
organisms cultured from sponge tissue.
Lane 1 shared only 1 band with Lanes 2
and 5 (4%), the bacterial DNA from
organisms cultured from sponge tissue
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Medium             Isolates per treatment Total
Un- Catalase Sodium Norepine- isolates

amended pyruvate phrine

12-V-00-3-004
OLIGO 3 5 6 2 16
60:40 1 1 1 3 6
Maltose- 3 1 3 1 8
supplemented sH2O
C-Mix 1 4 8 6 19
Mucin 1 5 4 1 11
Total 9 16 22 13 60

16-V-00-1-001
OLIGO 2 6 4 4 16
60:40 2 4 2 0 8
Maltose- 0 0 0 3 3
supplemented sH2O
C-Mix 3 5 8 4 20
Mucin 3 7 1 2 13
Total 10 22 15 13 60

Table 1. Number of isolates recovered from each medium treatment. Note that
statistical analyses were not conducted as 30 to 300 colonies were not recovered

per plate. sH2O: seawater 
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samples. Of the 19 bands in Lane 4, only 1 (5%) was
common to Lanes 2 and 5. The bands that migrated far-
ther on the denaturant gel appear only in the bacterial
DNA isolated from sponge tissue lanes, suggesting
that similar bacteria were not obtained in culture. Fur-
thermore, very few bands observed in the culturable
bacterial community lanes were observed in the bacte-
rial DNA isolated from sponge tissue lanes, suggesting
that the isolated organisms may not have been numer-
ically dominant bacteria in the sponges. Only 10 to 11

distinct bands were seen in the bacterial DNA from
organisms cultured from sponge tissue lanes (2 and 5)
after PCR amplification, although DNA extracted from
55 to 59 bacterial isolates (fungal isolates subtracted
from totals) was pooled to provide the template for
PCR amplification.

Eight DGGE bands from bacterial DNA isolated from
sponge tissue were successfully sequenced and their
phylogenetic relationships to other bacteria deter-
mined based on sequence information available in
GenBank (Fig. 3). The Chimera Check program on
the Ribosomal Database Project II website (http://
rdp.cme.msu.edu/html/analyses.html) was used to
verify that the recovered sequences were most likely
not combinations of multiple sequences. Using Gen-
Bank Blastn searches for each sequence, the closest
matches were recovered from uncultivated envi-
ronmental clones, with 5 of the 8 sequenced bands
(a–c, e, g) being most similar to other sponge-derived
sequences (data not shown).

Percent G+C content was determined for each of the
sequences: a = 63.0, b = 62.5, c = 62.4, d = 58.7, e = 63.3,
f = 63.1, g = 59.4, h = 57.8. Band pairs a and e, b and f,
and d and h in Fig. 1, which migrated similarly but had
different sequence information, displayed similar G+C
content for the amplified fragments. Conversely, there
was a discrepancy in the G+C content and migration
patterns for bands c and g. These results demonstrate,
as has been shown previously (e.g. Myers et al. 1987,
Muyzer & Smalla 1998), that the migration of DNA
through denaturing gels is affected by melting domain
structure as well as by nucleotide composition and
sequence length.

DISCUSSION

This study compares the DGGE banding patterns of
a reconstructed culturable microbial community and
the bacterial community detected by PCR amplifica-
tion of DNA isolated from sponge tissue. Previous stud-
ies have compared DNA sequences from cultured
organisms to sequences obtained from the environ-
mental sample (e.g. Santegoeds et al. 1996, Suzuki et
al. 1997, Eilers et al. 2000, Rohwer et al. 2001), but this
is the first time to the authors’ knowledge that both
communities have been compared using DGGE.

DGGE analysis of the bacterial DNA isolated from
sponge tissue of the 2 deep-water species indicated
that they shared some bacterial populations. A recent
study by Hentschel et al. (2002) demonstrated that 6
demosponges from different oceans also shared a rela-
tively uniform microbial community. This led the
authors to hypothesize that the sponge environment
must impose strong selective pressures on the compo-
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Fig. 1. DGGE patterns obtained for the 2 sponge samples and
the isolates obtained from each sponge. The products from
3 PCR amplifications were pooled to provide sufficient DNA
for good resolution of bands. a–h: bands that were excised
and sequenced (see Fig. 3). Lane 1: bacterial DNA isolated
from sponge 12-V-00-3-004 tissue; Lane 2: bacterial DNA
from organisms cultured from sponge 12-V-00-3-004 tissue;
Lane 3: empty; Lane 4: bacterial DNA isolated from sponge
16-V-00-1-001 tissue; Lane 5: bacterial DNA from organisms
cultured from sponge 16-V-00-1-001 tissue. The gel contained

a denaturant gradient from 30% (top) to 70% (bottom)
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sition of the microbial communities to account for the
differences to bacteria in the surrounding seawater.
None of the sequences obtained in this study were
closely related to planktonic bacteria (which have a
large representation in GenBank; Hagström et al.
2002), but instead largely grouped with other sponge-
derived sequences, falling primarily within the Actino-
bacteria-1 and Acidobacteria-1 clusters designated by
Hentschel et al. (2002). Results from their study and
others (e.g. Friedrich et al. 1999, Webster et al. 2001)
were obtained from shallow-water sponges which

commonly support photosynthetic microorganisms
associated with the outer sponge layers, suggesting
some expected overlap between individuals. The
sequence analysis conducted in this study extends the
observed similarities in associated bacterial communi-
ties to deep-water sponges where no phototrophic
organisms were noted. These results conflict with a
recent study by Taylor et al. (2004), who found little
variation within individual sponge species but sub-
stantial variation among 3 shallow-water Australian
sponge species, suggesting that additional studies
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Fig. 2. NIH Image analysis of the banding patterns for each lane. The y-axis shows the fluorescent relative intensities of the 
individual bands once the background was removed. Numbered vertical gray lines indicate peaks that appear in 2 or more lanes 
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need to be performed. The sponge species used in Tay-
lor et al.’s (2004) study belonged to 3 different families
while the 2 sponges used in this study were from the
same genus, which may explain some of the differ-
ences noted between the studies.

Although constrained by the small sample size,
DGGE analysis of DNA from bacteria isolated from
sponge tissue for the 2 samples showed that the cultur-
able communities had some commonalities. Previous
studies with both shallow and deep-water sponges
revealed that closely related α-proteobacteria were
consistently cultured from a variety of species
(Hentschel et al. 2001, Webster & Hill 2001, Webster et
al. 2001, Olson et al. 2002). Webster & Hill (2001), using
fluorescence in situ hybridization (FISH) techniques,
were able to localize the dominant α-proteobacteria in
Rhopaloeides odorabile to choanocyte chambers of the
mesohyl region, while Friedrich et al. (1999), also using
FISH analysis, failed to localize their closely related
strain to sponge tissues. These contradictory results
suggest that similar α-proteobacteria are commonly
isolated in studies of sponge-microbial interactions,

whether or not they are dominant
members of the bacterial communi-
ties. Webster & Hill (2001) estimated
that approximately 0.1% of the total
bacterial community was amenable
to culture under the conditions used
in their study. Based on the banding
patterns observed for the DGGE
analysis, the additional media and
supplements used in this study pro-
vided a ~5% overlap between bacte-
rial DNA from cultured organisms
and from sponge tissue. This sug-
gests that at least 5% of the bacterial
community represented by DGGE
bands was amenable to cultivation.
This estimate falls within the 3.4 to
11% bacterial recoverability found
by Santavy et al. (1990), who also
employed a variety of growth media,
with a Ceratoporella nicholsoni
sponge.

DGGE demonstrated the differ-
ences between bacterial community
structure as determined by molecular
genetic analysis of environmental
material and cultivation. Both ap-
proaches are recognized to have lim-
itations, suggesting possible sources
of the observed disparities. Different
banding patterns were shown for the
bacterial DNA from organisms cul-
tured from sponge tissue versus the

bacterial DNA isolated from sponge tissue, with more
bands visualized across a wider denaturant range in
the bacterial DNA isolated from sponge tissue lanes.
This would suggest that either the PCR amplifications
were different for the 2 communities or that the isolates
obtained were not numerically prevalent in the sponge
microbial community. It has been shown that differ-
ences in sample matrix affect DNA extraction efficien-
cies (e.g. Krsek & Wellington 1999, Roose-Amsaleg et
al. 2001, de Lipthay et al. 2004). PCR amplifications
have also been shown to be affected by biases in
primer annealing efficiencies (Suzuki & Giovannoni
1996, Head et al. 1998). This may account for the dis-
parity of visible bands between the PCR products for
the bacterial isolates cultured from the sponge and the
bacterial DNA extracted from the sponge. Several
studies have demonstrated the utility of DGGE
approaches for detecting minor bacterial populations
(1 to 5% of the whole template DNA) within a commu-
nity (e.g. Muyzer et al. 1997, Katano & Fukui 2003).
The lack of correlation between the banding patterns
suggests that the recovered isolates were not numeri-
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cally dominant members of the bacterial community.
The isolates obtained most likely contain significant
numbers of repeated cultivation of the same or closely
related organisms, indicating that a far greater diver-
sity of organisms exists in the sponge samples than that
represented by the isolates.

Combined cultivation and molecular genetic
approaches suggest that the 2 isolates that appear in
both bacterial DNA isolated from sponge tissue and
DNA from bacteria cultured from sponge tissue
DGGE lanes are good candidates for future studies
on the characteristics of sponge-associated bacteria.
In order to better understand the nature of the
sponge–microbe interaction, physiology studies will
be required, which necessitate cultivation of the bac-
teria. Unique bands on the DGGE gels suggest the
presence of unique microorganisms that could be
useful in natural product research but that may be
currently uncultivable. From these results, it appears
that researchers examining marine sponges for novel
compounds may recover a vastly different suite of
bacterial isolates for testing compared to the diversity
that apparently exists in the sponge samples. Four of
the sequenced bands showed the greatest similarity
to the Actinobacteria-1 cluster of Hentschel et al.
(2002). Actinobacteria have traditionally played an
important role in natural product research, as many
of our antibiotics have originated in this group. This
discrepancy in recovery of associated microorganisms
may stymie drug discovery efforts when a compound
of interest is recovered from an entire sponge speci-
men but the producing organism(s) is not recover-
able.

Sponges do appear to be reservoirs of currently
uncultured, elusive marine microorganisms. Although
these data do not differentiate between transient and
specifically sponge-associated bacteria, trends do ap-
pear to be emerging. This combination of approaches
will continue to provide more information on the com-
position and function of microbial communities than
either approach individually and will allow re-
searchers to determine if microbial recoveries are
increased, a useful tool in drug discovery applications.
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