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Allelopathy is commonly found in marine sponges. However, information on allelopathic
activities of sponge extracts is limited. In this study, variations of nutritional values of
Xestospongia sp. were investigated. Xestospongia did not unequally distribute its
nutritional values for predatory defense. Carbon-nitrogen contents and renieramycin
M concentrations were not significantly different among the areas of Xestospongia
sp. (edge, inner, and outer). However, carbon-nitrogen contents and renieramycin
M concentrations of Xestospongia sp. coexisting with different organisms were not
significantly different. In the laboratory, bleaching and necrosis of coral nubbins were not
observed in every treatment, and renieramycin M did not show any allelopathic effect on
its coexisting organisms (Porites lutea and Palythoa caesia). However, renieramycin M
inhibited settlement of acorn barnacle (Semibalanus balanoides) but did not inhibit the
settlement of pelecypods. When testing for antimicrobial effect, renieramycin M did not
inhibit the growth of aerobic bacteria in any treatments. This study provides evidence
that renieramycin M found in Xestospongia was uniform; however, it can possess strong
inhibitory activities against some marine organisms.

Keywords: Xestospongia sp., renieramycin M, sponge, allelopathy, Gulf of Thailand, bioactive compounds, coral

INTRODUCTION

Sponges are one of the common marine organisms in tropical areas and are known to produce diverse
secondary metabolites (Faulkner, 1984). Some secondary metabolites and chemical compounds
produced by sponges have been intensively screened as marine natural products (Frincke and
Faulkner, 1982; Nakao et al., 2004). They are also known as inhibitors of bacteria and antileishmania
(Frincke and Faulkner, 1982; Nakao et al., 2004). The blue sponge, Xestospongia sp., can be found
worldwide (Pulitzer-Finali, 1996; Kritsanapuntu et al., 2001; Darumas et al., 2007). In Thailand,
Xestospongia sp. is found commonly in both the Gulf of Thailand and the Andaman Sea coexisting

Frontiers in Marine Science | www.frontiersin.org 1

July 2022 | Volume 9 | Article 735702


http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2022.735702&domain=pdf&date_stamp=2022-07-22
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/journals/marine-science#articles
mailto:suchana.c@chula.ac.th
https://doi.org/10.3389/fmars.2022.735702
https://www.frontiersin.org/articles/10.3389/fmars.2022.735702/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.735702/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.735702/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.735702/full
https://www.frontiersin.org/articles/10.3389/fmars.2022.735702/full
https://doi.org/10.3389/fmars.2022.735702
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
http://creativecommons.org/licenses/by/4.0/

Darumas et al.

Renieramycin M-Producing Sponge

with other reef organisms (e.g., corals, algae, and other sponges)
and settling on rock beds and dead coral rubble (Darumas et al.,
2007). This sponge differs from renierid, cribrochalinid, and
neopetrosid sponges by its ectosomal skeleton with a tangential
disordered network and no specialized structure (Darumas
et al, 2007). In coral reef communities, sponge species have
been found to successfully compete with corals (Vicente, 1990).
They are also well-known space competitors in the reefs (Aerts
and Van Soest, 1997). Factors influencing the outcomes of the
competitive interactions include distances between species and
chemical defense mechanisms (Lang and Chornesky, 1990; Nakao
et al,, 2004). The chemical defense of secondary metabolites can
serve as antipredatory, antimicrobial, antifouling, and allelopathy
agents (Wang et al., 2008).

Allelopathy is the beneficial or harmful effect of one
organism on another organism by the release of chemicals
from body part(s) by leaching, root exudation (in plants),
volatilization, residue decomposition, and other processes
(Folt and Goldman, 1981; Willis, 2007). The term “allelopathy”
has been borrowed by zoologists to describe chemical-based
interactions among invertebrates, especially sponges and corals
(Willis, 2007). Allelopathy is also common in marine habitats.
Some cyanobacteria produce chemicals to inhibit the growth of
algae (Suikkanen et al., 2004). The same multifunctional roles of
allelopathic chemicals were observed in marine habitats as well
(Kubanek et al., 2002). For example, hexanic extracted from soft
coral, Stereonephthya aff. curvata, caused serious necrosis on
gorgonians and deterred fish feeding (Lages et al., 2006). The
allelochemicals that prevented space settlement of either intra
or interspecific larva were known as antifouling agents. These
inhibited larval settlement (pre-settlement allelopathic) or killed
the new settlers (post-settlement allelopathic) (Sears et al., 1990;
Hirota et al., 1998). However, more complex antifouling activity
was reported. Some chemicals prevent settlement of specific
species, while some species benefit from settlement of others
on them, thus producing the chemicals promotes settlement of
specific species (Henrikson and Pawlik, 1995).

One of chemical compounds that Xestospongia produced is
renieramycin (Suwanborirux et al, 2003). Renieramycins are
also produced by several species of sponge such as Reniera sp.,
Haliclona cribricutis cribricutis, Cribrochalina sp., and Neopetrosia
sp./spp. (Frincke and Faulkner, 1982; Parameswaran et al., 1998;
Pettit et al., 2000; Oku et al., 2003; Nakao et al., 2004; Van Soest
etal.,2005). They have potent cytotoxicities against cancer cell lines
(Suwanborirux et al., 2003; Amnuoypol et al., 2004). Structures
(Types) of renieramycins have been modified and documented
(Amnuoypol et al., 2004). However, the natural structure, but
easily degraded, was renieramycin E because the hydroxyl function
group causes this compound to be unstable (Suwanborirux et al.,
2003). The protocol to make renieramycin E more stable is to
replace the hydroxyl function group with a cyanide functional
group to become renieramycin M (Suwanborirux et al., 2003).
This protocol allowed the high-yield extraction of renieramycin
(Suwanborirux et al., 2003). However, the ecological roles of these
compounds are less well understood.

The present study aimed to investigate the variation of
nutritional values [carbon (C), hydrogen (H), and nitrogen (N)]
and renieramycin M concentrations in different areas within the
individuals of Xestospongia coexisting with Porites and Palythoa.
Xestospongia was expected to face intensive predatory and
competitive pressures because of the high diversity in the coral
reef community. Thus, nutritional values that are essential sources
of energy and growth of Xestospongia may exhibit differently in
different parts of Xestospongia. In addition, the necrotic effect of
renieramycin M on Xestospongia’s coexisting species, Porites, and
its effect on settlement of fouling organisms were investigated.

MATERIALS AND METHODS

In this study, C, H, and N contents and renieramycin M
concentrations were investigated in different areas within
the individuals of Xestospongia. The allelopathic effects of
renieramycin M on Portes bleaching, larval settlement, and
aerobic bacteria were examined.

Carbon, Hydrogen, Nitrogen Contents and
Allocations of Renieramycin M
in Xestospongia

Sample Collection

Fifteen specimens of Xestospongia coexisting with Porites lutea
(thereafter Porites) (Phylum Cnidaria; Class Anthozoa; Family
Poritidae) and 15 sponge specimens coexisting with Palythoa
caesia (thereafter Palythoa) (Phylum Cnidaria; Class Anthozoa;
Family Zoanthidae) were collected from Ran Dok Mai Island
(13°09'05.35"N, 100°50'01.41"E) by scuba diving. Each sponge
specimen was separated into three areas: the outer area (blue
color); the inner area (yellowish-gray color), and the edge of
the sponge. The definition of each area was as follows: the outer
area was about 1 mm thick of the sponges upper surface that
was totally blue in color; the inner area was about 1 mm thick
of the sponge’s surface attached to the substrate that was totally
yellowish-gray; the edge was about 1 mm thick of the sponge’s
surface attached to the living tissue of the coexisting organisms
(herein were Porites and Palythoa) that was located at the edge
of the sponges and mostly were bluish-gray in color (Figure 1).
To reduce the amount of saltwater, each specimen was cut into
2-cm?-sized pieces and dried with tissue paper for a minute, twice.
The semidried specimens were placed in plastic bags in an icebox
during transportation to the lab. The specimens were then stored
at -20°C until extraction.

Elemental Analysis

The samples were analyzed for C, H, and N contents (percent
of dry weight) by Dynamic Flash Combustion Technique. The
instrument used was the CE Instruments Flash 1112 Series EA
CHNS-O Analyzer at the Scientific Equipment Center, Prince
of Songkla University. The analyzing condition was as follows:
furnace temperature: 900°C; oven temperature: 65°C; carrier
flow: 130 ml/min; reference flow: 100 ml/min; oxygen flow: 250
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FIGURE 1| (A) The outer area (solid arrow) and the inner area (dot arrow) of
Xestospongia. (B) The edge (solid arrow) of Xestospongia and the
cutting method.

ml/min. Before the analysis, the samples were freeze-dried and
then fumed with hydrochloric acid to remove inorganic C.

Renieramycin M Measurement

For crude extract preparation, all samples were lyophilized for
12 h using a freeze dryer. Each sample was accurately weighed
at 100.0 mg for extraction. The sample was macerated with 10
mM potassium cyanide in phosphate buffer solution (6 ml, pH
7.0) for 5 h. Then, the suspension was extracted with methanol
(24 ml) for 1 h. After centrifugation at 5,000 rpm for 5 min, the
supernatant (3 ml) was partitioned with ethyl acetate (9 ml)
and a brine solution (6 ml). The ethyl acetate layer (3 ml) was
evaporated until dry. The dried residue was dissolved in methanol
(1 ml) containing 300 ng acenapthene as an internal standard.
The sample solutions were filtered through 0.45-nm nylon syringe
tip filters before the high-performance liquid chromatographic
(HPLC) analysis. All procedures were conducted by following the
university safety protocol.

To calibrate the standard solution, standard renieramycin
M derived from Xestospongia sp. in the Gulf of Thailand was
obtained from Dr. Khanit Suwanborirux, Center of Bioactive
Natural Products from Marine Organisms and Endophytic Fungi
(BNPME). A stock standard solution of renieramycin M at a
concentration of 1 mg/ml was prepared in methanol. Calibration
solutions containing 2.4, 4.8, 9.0, 180, 375, 750, and 1,500 ng/
ml were prepared by appropriate dilutions of the stock solution
with methanol containing 800 ng acetonaphthone as an internal
standard.

For HPLC conditions, a Waters 2690 Controller was
used with a Waters 996 Photodiode Array (PDA) Detector
operating at 270 nm. The separation was performed on
a LiChrospher'100RP-18 reversed phase column (5 pm,
spherical, 4 mm x 125 mm) with methanol-water (7:3) as the
mobile phase at a flow rate of 1.00 ml/min.

Bleaching and Necrotic Effects of
Renieramycin M on Porites

A colony of live massive coral, Porites, was collected from the
intertidal zone of Sichon (9°00'16”N, 99°55'20"E). It was then
broken into small pieces. There were about 10-15 corallites in
each piece (nubbins). A nubbin was attached on top of a plastic
rod using a very small amount of ethyl-2-cyanoacrylate glue
and then left in the air for several seconds for the hardening of
the glue. All coral nubbins were vertically set onto the plastic
net (approximate mesh size 5 mm). The plastic net (culture
frame) with coral nubbins was hung in the ocean for 2 months.
The survival rate was monitored weekly.

Thirty coral nubbins were collected from the culture
frame and then were acclimatized in the lab for a week prior
to the experiment. There were five treatments of different
renieramycin M concentrations: 0.00 ppm (control), 0.02
ppm, 0.20 ppm (natural concentration), 1.00 ppm, and 10.00
ppm. One hundred microliters of dimethyl sulfoxide (DMSO),
which was preliminarily tested and showed no effects on
Porites, was used as a solvent for each treatment, including the
control. The total volume was made to be 50.0 ml by 30 ppt
of filtered seawater with natural salinity. For each treatment,
5 coral nubbins were submerged in the solution with air
bubbles for 8 h. After that, coral nubbins from each treatment
were separately placed into transparent containers, each of
them containing 500 ml of seawater. To control the growth of
algae during the experiment, every container was left under
approximately 40% of natural light. Bleaching and necrosis
were observed daily for 2 weeks.

Antifouling Effect of Renieramycin M on
Larval Settlement

This method was modified from Maida et al. (2006). Several
dead coral rocks of Porites sp. with approximately 20 x 30 x 20
cm? (W x L x H) were collected from an intertidal zone of Sichon
(9°00"16"N, 99°5520"E). They were then cut into approximately
4 x4 x1cm® (W x L x H) cubes. Each coral cube was
desalinated by submerging it in distilled water several times.
After that, the coral cubes were dried in an oven at 50°C for
2 days. In all of the cubes, a hole (6.35 mm in diameter) was
made at the center by a drilling machine.

Five experiments were prepared with 0.00 ppm (control),
0.05 ppm (natural concentration), 0.10 ppm, 0.20 ppm, and
2.00 ppm renieramycin M in 500 ml of methanol. Three cubes
were randomly assigned for each experimental unit. The
cubes were submerged into the methanolic solutions for 24 h.
Then, they were hung and dried at room temperature (28°C).
The experiment contained four experimental sets. Each set
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consisted of a control unit and four treatment units with
different renieramycin M concentrations as described above.
There were three replicates of each unit. All experimental sets
were then hung in the sea (approximately 1 m below the low tide
level) at the same coral reef habitat where the dead coral rocks
were collected (Figure 2). Each replicate was approximately
10 cm deep apart from each other. Thus, the depths did not
have any effects. The first experimental set was collected from
the sea 5 days after the experiment started and the second,
third, and fourth experimental sets on days 10, 15, and 20,
respectively. Only the upper and lower surfaces of every cube
were investigated for fouling organisms under a binocular
stereoscope. The number of sessile organisms was counted and
grouped into class taxa level. Species diversity index (H’) was
used to determine the fouling effect of renieramycin M as well.

Antimicrobial Effect of Renieramycin M
on Aerobic Bacteria

Fresh seawater, collected from a coral reef habitat from
Sichon (9°00'16"N, 99°55'20"E), was aerated 24 h prior to the
experiment. Then, 1.00 ml of this water was pipetted using
a micropipette and was poured onto an aerobic count plate
(petrifilm sheet) (3M Petrifilm Aerobic Count Plate, 3M) for
each treatment. A petrifilm sheet was unmoved for a couple of
minutes to let the gel solidify. Paper disks (5.0-mm diameter)
(MF-Millipore Membrane Filter, Merck) have 200, 100, 10,
or 1 pg of renieramycin M. As a control, paper disks bearing
0.0 ug of renieramycin M were prepared (Figure 3). The
petrifilm sheets were placed and incubated at 30°C for 24 h.
In one plate, both a control disk and a treatment disk (a single
concentration of renieramycin M in each plate) were placed.
After 24 h, the diameter of the zone of inhibition in each paper
disk was recorded. The number of bacterial colonies growing
on the grid areas containing the paper disks was also counted
by using an illuminated magnifier and a hand tally counter.

Statistical Analyses

The differences on C, H, and N contents and renieramycin M
concentrations with Porites or Palythoa were examined using the
nested analysis of variance (ANOVA) to examine both differences
between coexisting species and among the areas, as the factor of
the areas is nested in the factor of the coral species. In addition, the
numbers of bacterial colonies on paper disks (3 disks for control
and 3 disks for treatment) of each treatment petrifilm sheet were
statistically compared using t-test. A significant level applied in
this study was 0.05.

RESULTS

Carbon, Hydrogen, and Nitrogen Contents

and Allocations of Renieramycin M

in Xestospongia

The results showed that C, H, N contents and renieramycin M
concentration were not significantly different (P > 0.05) among
areas of Xestospongia coexisting with Porites and Palythoa
(Table 1). The nutrition values (C/N ratio) at different areas of
Xestospongia coexisting with Porites and of those coexisting with
Palythoa were also not significant (P > 0.05) (Table 1). However,
8 out of 15 Xestospongia individuals that coexisted with Porites
had their highest renieramycin M concentrations in the edge
area, whereas 7 out of 15 Xestospongia individuals coexisting
with Palythoa had the highest concentrations in the outer area
(Table 2).

Bleaching and Necrosis Effects of
Renieramycin M on Porites

Bleaching and necrosis of coral nubbins were not observed during
2 weeks in every treatment. Coral nubbins were still brown in
color in both control and treatments and sometimes covered by
a mucous sheet. During nighttime or low light intensity, corallites

Sea surface

1 meter

FIGURE 2 | Diagram of the experimental setup of an antifouling experiment.
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FIGURE 3 | Diagram of the paper disk technique on an aerobic count plate.
C stands for the control bearing only 3 pl of dimethyl sulfoxide (DMSQ). T
stands for the treatment bearing renieramycin M at 200, 100, 10, or 1 ug
with 3 pl of DMSO.

of some coral nubbins protruded and waved their trunks and
their tentacles into the water column.

Antifouling Effect of Renieramycin M on
Larval Settlement

Renieramycin M was found to inhibit the settlement of some sessile
organisms. However, the duration of the antifouling effect could
be found on the first 5 days (Figure 4). There were three groups
of sessile organisms found on the control plates, pelecypoda,
polychaeta, and barnacle (Semibalanus balanoides), whereas only
pelecypoda was found on the treatment plates during the 5-day
period. After 10 days, pelecypods were the major group of sessile
organisms on control and treatment plates. Polychaeta was found
settled on the treatment plates of 0.05-2.0 ppm concentrations

(Figure 4). After a 15-day period, S. balanoides was found again on
the settlement plates (control, 0.05 ppm, 0.1 ppm, and 2.0 ppm),
whereas at the 5-day period, S. balanoides was found only on the
control plates (Figure 4). The composition of sessile organisms
on every treatment was the same as the composition of sessile
organisms on the control after 20 days (Figure 4). The diversity
index also supported the effect on antifouling of renieramycin M
(Figure 5). After 5 days, the highest diversity index was for the
control plates, whereas other treatment plates had a zero diversity
index. After longer periods (days 15 and 20), the diversity index
values were high in all treatments.

Antimicrobial Effect of Renieramycin M on
Aerobic Bacteria

There was no significant difference (P > 0.05) in the number
of aerobic bacterial colonies in all contents of renieramycin
M (Figure 6). The average number of bacterial colonies on the
control paper disks ranged from 30 to 62 colonies per 50 p,
whereas the average number of colonies on treatment paper disks
ranged from 45 to 61 colonies per 50 pl (Figure 6). The zone of
colonial growth inhibition was not observed on any control or
any treatment paper disks. The statistical analysis of antimicrobial
effects between different concentrations of renieramycin M
compared with control was shown in Table S1.

DISCUSSION

Allocations of Carbon and Nitrogen
Contents and Renieramycin M

in Xestospongia

In this study, the C, H, and N contents were uniformly allocated
in the body of Xestospongia coexisting with Porites, even though
there were no significant differences on C, H, or N contents in
same areas of Xestospongia when it coexisted with different
competitors (Porites or Palythoa) (Table 1). However, the
varieties of nutrition, chemical contents, and morphological and
physiological changes were commonly found in plants, sponges,
and other sessile organisms (Haukioja et al., 1998; Swearingen

TABLE 1 | The percentage (mean + SE) of carbon (C), hydrogen (H), and nitrogen (N) contents, C:N ratio, and renieramycin M concentration in different areas of

Xestospongia coexisting with different organisms.

Porites Palythoa F, s(between the F,gi(among the
coexisting coral areas nested in
species)* coral species)*

Edge Inner Outer Edge Inner Outer
C (% dry weight) 8.64 + 1.66 9.44 +1.99 9.86 + 1.56 9.88+0.77 10.55+1.04 10.41+1.17 2.13 1.33
H (% dry weight) 1.74 £ 0.16 1.94 £ 0.19 2.07 £ 0.14 1.89+0.12 2.02+0.15 2.07+£0.15 1.85 1.20
N (% dry weight) 1.53+0.36 1.77 £ 0.40 1.96 + 0.41 1.93+0.25 2.00+0.27 2.08+0.28 1.90 1.17
C:N ratio 592 +1.15 5.41 +£0.95 5.01 £0.89 5.32 £ 0.35 551 +£0.47 5.08+0.51 1.21 0.30
Renieramycin M 0.075 +0.060 0.066 + 0.051 0.060 + 0.053 0.050 + 0.049 0.068 + 0.047 0.050 + 0.054 0.84 0.68

Concentration (ug/g)

* All of the F values are not significant (P > 0.05).
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TABLE 2 | The proportions of Xestospongia individuals that contain the highest
renieramycin M concentrations at different areas when they coexist with Porites
and Palythoa.

There were no significant distributions of renieramycin M
concentrations along the body parts of Xestospongia (Table 1).
On the other hand, other sponge species, Oceanapia spp. and

Areas With Porites With Palythoa Crambe crambe, have been proven to significantly distribute
Outer 5/15 7/15 their toxicity and secondary metabolites within specimens
Inner 2/15 3/15 such as at fistule, capitum, basal, or even different cell types
Edge 8/15 5/15 (Uriz et al., 1996; Schupp et al., 1999; Salomon et al,, 2001). By
g B dms 0, 10 days
§ Bl _5 B
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FIGURE 4 | The percentage of total individuals of sessile organisms on different experimental plates after 5, 10, 15, and 20 days.
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and Pawlik, 1998; Puglisi et al., 2000; Furrow et al., 2003;
Meroz-Fine et al., 2005). For example, for plant species in
boreal forests, plants balance their C/N utilizations to survive
in the intensely competitive and herbivory pressured habitats
(Bryant et al., 1983). In addition, some N-based chemicals,
produced by organisms, were varied by N-limited habitats
(Bryant et al., 1983).

comparison, renieramycin M concentrations at the edges were higher
in Porites-coexisted Xestospongia than Palythoa-coexisted ones.
These results might be due to the allocation of chemicals on different
spatial competitors of Xestospongia. Although there were a number
of studies on the effects of allelochemicals and secondary metabolites
of marine sponges on potential spatial competitors, particularly

25 A

20 A

15:4

10 A

Shannon-Wiener diversity index (H')

Day 5

Day 10
Time

FIGURE 5 | Shannon-Wiener diversity index (H’) (mean + SE) on different experimental plates at different concentrations of renieramycin M and different periods.
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FIGURE 6 | Numbers of colonies (mean + SE) of aerobic bacteria growing on aerobic count plates.

corals, the comparison of chemicals produced by sponges when
they coexist with different potential spatial competitors was less
available (see examples in Porter and Targett, 1988; Aerts and
Van Soest, 1997; Aerts, 1998; Nishiyama and Bakus, 1999; Engel
and Pawlik, 2000; Pawlik et al., 2007).

Allelopathic Effects of Renieramycin M
The effects of allelochemicals of sponges on corals and on other
sponge species were necrotic effects, bleaching, and the effect on the
photosynthetic ability of coral’s symbionts (Porter and Targett, 1988;
Engel and Pawlik, 2000; Pawlik et al., 2007). However, renieramycin
M exhibited neither bleaching nor necrosis effects on Porites.
During the surveys, the necrotic scars or the dead zones
of Porites were observed only on the tissue that contacted
Xestospongia (in this study; Darumas et al., 2007). Therefore,
the dead zones or necrotic areas might be caused by the synergy
of physical damage (by spicules) and other allelochemicals. In
addition, sessile organisms were known to compete for space. The
strategies to compete with their competitors include overgrowth,
physical damage, allelochemicals, and waterborne substances
(Porter and Targett, 1988; Paul, 1992; Aerts, 1998; Nishiyama
and Bakus, 1999). According to the field surveys of this study, the
interactions between Xestospongia and the massive coral, Porites,
were of the single category, sponge overgrowing coral. The sponge/
coral interactions were classified into four categories: overgrowth,
peripheral contact, tissue contact, and non-contact (Aerts and Van
Soest, 1997). Their study showed that 46.6% of Xestospongia spp.
(X. caminata, X. muta, X. proxima) had tissue contact with corals,
and 32.6% had non-contact with corals, while 2.5% of Xestospongia
overgrew corals. On the other hand, just 2.2%, 14.3%, and 33.8%
of massive coral, Porites astreoides, had overgrown, peripheral
contact, and tissue contact by sponges, respectively. In addition,
the major proportion of the interaction (49.7%) of this coral was
non-contact to sponges (Aerts and Van Soest, 1997). Although,
the effect of overgrowth by sponges on corals was not directly

documented, one study showed that the overgrowth of sponge on
introduced mussels in the Great Lakes (USA) caused mortality or
at least loss in the mussels (Ricciardi et al., 1995).

Renieramycin M had no antifouling effect on pelecypods but
on polychaetes and barnacles (S. balanoides) during the first 5
days of the experiments. The antifouling chemicals produced by
pre-settlement organisms were not universally against newcomers
(Porter and Targett, 1988; Paul, 1992; Nishiyama and Bakus,
1999). Antifouling was the active competitive defense of sessile
organisms. This strategy prevented interspecific larva from
settling on surfaces of the previous one (Jackson and Buss, 1975;
Nishiyama and Bakus, 1999; Kubanek et al., 2002). The antifouling
process operates through mechanical and chemical mechanisms.
Some soft corals were swept out and were damaged by sweeper
tentacles and nematocysts of hard corals (Paul, 1992). Some sessile
organisms used at least two mechanisms to inhibit interspecific
larval settlement (Bak and Borsboom, 1984; Coll et al., 1987;
Sears et al., 1990; Henrikson and Pawlik, 1995; Hirota et al., 1998;
Nishiyama and Bakus, 1999). First was a waterborne substance
production, which was released into the water column to affect the
competitor’s fitness. Second was the allelochemical that affected
the competitors when the tissues were in contact.

Renieramycins were tested to inhibit Staphylococcus aureus,
Bacillus subtilis, and Vibrio angularium but not Escherichia coli,
Candida albicans, Pseudomonas aeruginosa, and Enterobacter
aerogenes (Frincke and Faulkner, 1982; Kelman et al., 2001).
In this study, renieramycin M did not inhibit the growth of
aerobic bacteria in any treatment. However, antibiotic chemicals
produced by sessile organisms or the symbionts were effective
against specific bacteria rather than a broad spectrum (Frincke
and Faulkner, 1982; Kelman et al., 2001). A number of studies
elaborated more about the interaction between bacteria vs.
sponge and bacteria vs. macroalgae such as anti-non-symbiotic
species and antifouling (Imhoftf and Triiper, 1976; Wilkinson,
1978; Lemos et al., 1985; Althoff et al., 1998; Webster and Hill,
2001; Thacker and Starnes, 2003; Armstrong et al., 2006). Sponges
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of the genus Dysidea were a specific host of cyanobacterium
(Thacker and Starnes, 2003). Sometimes, the chemicals produced
by microsymbionts were beneficial to the host (Lemos et al., 1985;
Webster and Hill, 2001). Epiphytic bacteria attached to seaweed
produced antimicrobial chemicals for the host (Lemos et al,
1985). a-Proteobacteria, surrounding the choanocyte chamber
of Rhopaloeides sponge, was expected to play the role of nutrient
uptake in the host sponge (Webster and Hill, 2001). In some cases,
microorganisms may be harmful to sessile organisms. This can
be inferred by the varieties of antibiotic substances produced by
sessile organisms or their symbionts (Frincke and Faulkner, 1982;
Lemos et al.,, 1985; Kelman et al., 2001; Kubanek et al., 2002;
Miiller et al., 2004).

CONCLUSION

This study provides evidence that renieramycin M found in
Xestospongia was uniform; however, it can possess strong
inhibitory activities against some marine organisms. From our
study, there were variations of nutritional values of Xestospongia.
Xestospongia did not unequally distribute its nutritional values for
predatory defense. The overall contents of C, H, and N in every
area of Xestospongia coexisting with Porites were not different
from those of Xestospongia coexisting with Palythoa. In the
laboratory, renieramycin M did not show any allelopathic effect
on its coexisting organisms (Porites). Furthermore, it did not
inhibit the growth of aerobic bacteria. However, renieramycin M
inhibited the settlement of acorn barnacle. However, it did not
inhibit the settlement of pelecypods.
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