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Abstract. Biofilm, intricate microbial communities adhering to submerged
surface, pose a significant challenge across various sectors. Conventional
approaches relying on harsh chemical or mechanical removal have
drawback. Marine organisms like sponges, with their diverse secondary
metabolites, offer a promising avenue for developing sustainable solutions.
This study investigated the antibiofilm potential of crude extracts from four
marine sponges (Stylissa carteri, Haliclona amboinensis, Hymeniacidon sp.,
and Xestospongia testudinaria) against Vibrio parahaemolyticus and
Pseudomonas aeruginosa biofilms. Crystal Violet staining quantified
biofilm formation and removal. Well diffusion assays assessed antibacterial
activity. Haliclona amboinensis and Hymeniacidon sp. extracts displayed
antibiofilm effects against V. parahaemolyticus biofilm. The I1Cso values for
the activity were 0.1 mg/mL and 0.19 mg/mL, respectively. Notably, the
Hymeniacidon sp. extract exhibited bactericidal activity whereas
H. amboinensis lacked this effect. Interestingly, both extracts effectively
removed pre-formed V. parahaemolyticus biofilms against P. aeruginosa,
H. amboinensis displayed antibiofilm activity (ICso = 2.8 mg/mL) without
bactericidal effects. However, this extract did not impact pre-established
P. aeruginosa biofilms. The study suggests H. amboinensis is a promising
source for new antibiofilm agents. It effectively inhibits biofilm formation
without killing bacteria. Further research is needed to identify the active
compounds and their mechanisms for developing targeted therapies.

1 Introduction

Biofilms, composed primarily of proteins, nucleic acids, and polysaccharides within a
polymeric matrix, are adherent microbial communities that colonize biotic and abiotic
surfaces [1]. This mode of growth dominates various environments, including food
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processing, industrial settings, hospitals, and natural ecosystems [1]. Biofilms have been
implicated in numerous outbreaks caused by pathogenic bacteria [2, 3]. Notably, over 80%
of infections within the human body are attributed to biofilm-associated bacteria [4]. The
significant challenge in biofilm eradication lies in their enhanced resistance (up to 1000-fold)
to host immune responses and conventional antibiotics compared to their planktonic
counterparts [5]. Therefore, exploring novel strategies to impede biofilm formation or
eradicate established biofilms is of paramount importance.

Biofilm formation is a primary driver of biofouling, a major concern in aquaculture and
is characterized by the attachment of diverse organisms to infrastructure and cultured
organisms, consequently impacting productivity [6, 7]. Current strategies often rely on
antifouling paints to manage the biofilm formation at the initial adhesion stage. However,
these paints raise environmental concerns due to their hazardous nature [6, §]. Identifying
environmentally friendly antibiofilm agents is thus crucial for effective biofouling
prevention. The marine environment harbors a vast treasure trove of novel bioactive
compounds due to its remarkable biodiversity and chemical diversity [9]. Although bioactive
compounds derived from marine microorganisms have been exploited for various
applications, their potential in combating detrimental biofilms remains understudied [10].
This study aimed investigated the antibiofilm activity of marine sponges collected from Pulau
Bidong against Pseudomonas aeruginosa and Vibrio parahaemolyticus.

2 Materials and methods

The experimental materials included marine sponges: Stylissa carteri (NCBI accession
number MK473894; collection voucher number submitted to South China Sea Repository
and Reference Centre, Universiti Malaysia Terengganu: UMT Spon 473894), Hymeniacidon
sp. (MK473888; UMT Spon 473888), Haliclona amboinensis (MK43899; UMT Spon
43899), and Xestospongia testudinaria (MK903078; UMT Spon 903078). Chemicals used in
this research include methanol (Merck), ethyl acetate (Merck), chloroform (Merck), n-hexane
(Merck), DMSO (Merck), Crystal violet (Sigma Aldrich), Pseudomonas aeruginosa (ATCC
27853), Vibrio parahaemolyticus (ATCC 17802), Nutrient Agar (Oxoid), and Nutrient Broth
(Merck). Instruments utilized in this research include a rotary evaporator Buchi R300, UV-
Vis Spectroscopy (UV-800 Shimadzu), and an ELISA reader (SpectraMax® iD3 Multi-
Mode Microplate Reader).

2.1 Sponge material

Sponge samples (Fig. 1) were collected in 2016 via scuba diving at depth of 5 to 20 meters
at Pulau Bidong, Terengganu, Malaysia, located at a latitude of 103°03'42.6" E and a
longitude of 5°36'16.7" N. Following collection, the samples were placed in an icebox and
labeled. Subsequently, they were transported to the Institute of Climate Adaptation and
Marine Biotechnology (ICAMB), Universiti Malaysia Terengganu, for further identification
using a combination of traditional key taxonomy and DNA barcoding employing the
cytochrome oxidase 1 gene (COI) [11]. Prior to the extraction procedure, the samples were
thoroughly cleaned of any debris, ectobionts, and endobionts.
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UMT Spon 473894: UMT Spon 473888:
Stylissa carteri Hymeniacidon sp

UMT Spon 43899: UMT Spon 903078:
Haliclona amboinensis Xestospongia testudinaria

Fig. 1. The marine sponge used in this investigation captured at the time of sample gathering

2.2 Samples preparation and extraction

Following the removal of visible epiphytes with forceps, sponges were mechanically
fragmented into small pieces using a scientific grinder. The fragmented material was freeze
at -80°C and then lyophilized to remove water. The resulting dried samples (300-1000 mg)
were subsequently macerated in 99.7% methanol for one week under constant agitation. After
maceration, the solvent was evaporated using a rotary evaporator at 37°C, and yielding a
crude residue [12-15]. The obtained crude extracts were weighed and stored at 4°C for further
analysis. Prior to the biofilm assay, 15 mg of each extract was re-suspended in 200 pL of
sterile nutrient agar (NA).

2.3 antibiofilm assay

2.3.1 Bacterial strains and culture preparation

Strains of Pseudomonas aeruginosa (ATCC 27853) and Vibrio parahaemolyticus (ATCC
17802) were obtained from the Institute of Climate Adaptation and Marine Biotechnology
(ICAMB), Universiti Malaysia Terengganu. Cryopreserved bacterial stocks were revived on
nutrient agar and marine agar plates, respectively, for optimal growth based on established
protocols [16]. The plates were incubated for 24 hours at room temperature. Subsequently,
one to two colonies were selected from each agar plate and used to inoculate separate flasks
containing 5 mL of respective broth. These overnight cultures of P. aeruginosa and V.
parahaemolyticus were then incubated for an additional 24 hours at 37°C with shaking to
ensure homogeneous growth. The optical density (ODgoo) of each culture was measured at a
wavelength of 600 nm using a UV-Vis spectrophotometer (UV-800 Shimadzu). Cultures
were then adjusted to an ODggo of 0.2 using sterile media for subsequent experiments.

2.3.2 Crystal violet biofilm assay

A microtiter plate assay was used to assess the effect of the sponge crude extracts on biofilm
formation by P. aeruginosa and V. parahaemolyticus. Overnight cultures of each bacterial
strain, adjusted to a 0.2 of ODggo, were used as inocula. Aliquots 100 pL of the inoculum
were dispensed into each well of a sterile 96-well plate. Each well contained 100 uL of the
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respective bacterial broth supplemented with varying concentrations of the sponge’s crude
extract. A two-fold dilution series, ranging from 7.5 to 0.23 mg/mL, was prepared to evaluate
the dose-dependent effect of the extracts. The nutrient broth or marine broth without the
extract as the negative control. Positive control wells included 0.025% (w/v) sodium
hypochlorite (NaOCI) solution for V. parahaemolyticus and 0.16% for P. aeruginosa [17,
18] to represent a known antibiofilm agent. The plate was incubated at 37°C for 24 hours to
allow biofilm formation. Following incubation, planktonic cells were removed, and adherent
biofilm was quantified using a modified crystal violet staining method [19]. Briefly, the
contents of each well were discarded, and the plate was dried at 60-70°C for 30 minutes in a
drying oven. Subsequently, 200 pL of 0.1% (wt/vol) crystal violet solution was added to each
well and allowed to stain for 5 minutes. The staining solution was then discarded, and the
wells were gently rinsed with tap water until the rinse water ran clear. A second drying step
at 60-70°C for 30 minutes followed. To quantify the adhered biofilm, 200 pL of 70% ethanol
was added to each well to solubilize the crystal violet stain. The mixture was incubated at
room temperature for 30 minutes. The absorbance of the crystal violet-stained biofilms in
each well was measured at 595 nm using a microplate reader (SpectraMax® iD3 Multi-Mode
Microplate Reader). The percentage of biofilm inhibition was calculated using the method
described by Leroy [20]. The entire experiment was performed in triplicate for data
reproducibility.

2.3.3 Evaluation of antibacterial activity

To distinguish between a bactericidal mode of action or other mechanisms underlying the
extract's antibiofilm activity, a well-diffusion assay was performed on Mueller-Hinton agar
for respective positive antibiofilm samples. This assay assesses the presence and diameter of
the inhibition zones surrounding the extract, indicating its ability to directly suppress
bacterial growth. Briefly, standardized inocula 0f 0.2 ODgg of either P. aeruginosa or V.
parahaemolyticus (100 pL) were uniformly spread across the agar surface using a sterile
spreader. Sterile well-makers (e.g., cork borers) were employed to create wells in the agar
following the protocol described by Balouiri [21]. Fifty microliters of H. amboinensis and
Hymeniacidon sp. crude extracts (approximately 3 to 7 times of ICsy of antibiofilm from
previous experiments: 7.5 mg/mL for H. amboinensis against P. aeruginosa and 1.88 mg/mL
for both extracts against V. parahaemolyticus) were dispensed into the wells. An
oxytetracycline disc (30 pg) was used as the positive control. The plates were then incubated
at 37°C for 24 hours. The diameters of the inhibition zones surrounding the wells and the
positive control disc were measured using calibrated Vernier calipers or a metric ruler in
millimeters (mm).

2.3.4 Biofilm removal assay

The ability of marine sponge crude extracts to remove pre-established biofilms was evaluated
using a modified microtiter plate assay based on the method described by Song [22]. Briefly,
200 pL aliquots of bacterial cultures (ODggo of 0.2) were dispensed into each well of a sterile
96-well plate and incubated for 48 hours at 37°C to allow biofilm formation. After the
incubation period, 100 pL of the culture medium was discarded.

One hundred microliters of H. amboinensis and Hymeniacidon sp. crude extracts
(approximately 3 to 7 times of ICs of antibiofilm from previous experiments: 7.5 mg/mL for
H. amboinensis against P. aeruginosa and 1.88 mg/mL for both extracts against V.
parahaemolyticus) were dispensed into the wells. Marine broth (for V. parahaemolyticus) or
nutrient broth (for P. aeruginosa) served as negative controls. Sodium hypochlorite (NaOCI)
solutions (0.025% for V. parahaemolyticus and 0.16% for P. aeruginosa) were used as
positive controls. The plates were incubated for an additional 24 hours at 37°C to facilitate
interactions between the extracts and pre-formed biofilms. Following incubation, the
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planktonic cells were removed, and the remaining adherent biofilm was quantified using a
crystal violet (CV) staining assay as described in the previous section.

2.4 Statistical analysis

The experiments were conducted in triplicate, and the mean values and standard deviations
of the absorbance were expressed. The formula by Nadri [23] was used to calculate the
percentage of biofilm inhibition (%). A plot was created by graphing the percentage of
biofilm inhibition (%) versus the crude extract concentration (mg/mL). By means of linear
interpolation, the crude extracts' ICso was ascertained. The standard deviation of the mean
(SEM) was used to present the data. GraphPad Prism (GraphPad Software, San Diego, CA,
USA) version 8.0 was used to statistically analyse the data. The groups were compared using
a one-way analysis of variance (ANOVA) and Turkey's post hoc test. Statistical significance
was defined as a p-value of less than 0.05.

3 Result and Discussion

3.1 Antibiofilm activity of sponges crude extract

The extract of H. amboinensis demonstrated antibiofilm activity against P. aeruginosa and
V. parahaemolyticus with 1Csy value of 2.8 and 0.1 mg/mL, respectively. Hymeniacidon sp.
only exhibited ICsy against V. parahaemolyticus with value of 0.19 mg/mL. None of the
extracts from Stylissa carteri and Xestospongia testudinaria, showed biofilm inhibition
activity on the both bacteria used (Fig. 2 and ICs values were summarized in Table 1). Based
on the results, H. amboinensis and Hymeniacidon sp. were subjected to further
experimentation.

Table 1. Antibiofilm of marine Sponges crude extract against P. aeruginosa and V. parahaemolyticus

Marine Sponges Antibiofilm Activities (mg/mL)
P. aeruginosa V. parahaemolyticus
Haliclona amboinensis 2.8 0.10
Hymeniacidon sp. No ICso 0.19
Stylissa carteri No ICs No ICs
Xestospongia testudinaria No ICso No ICs
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Fig. 2. A- Antibiofilm activity of H. amboinensis and Hymeniacidon sp. against P.
aeruginosa biofilm; B- Antibiofilm activity of H. amboinensis against V. parahaemolyticus
biofilm. Negative control consists of bacteria in respective broth, while positive control
consists of v/v % NaOCI and bacteria in respective broth. The bars on the graph represent
mean £ SD of biofilm formation from three replicates. The Tukey’s Post Hoc test showed a
statically significant different relative to control (p < 0.001).

One of the creative tactics that have been researched over the past 20 years to stop the
formation of biofilms—which are produced by over 90% of bacteria—is the use of natural
products [24, 25]. More than 30% of marine natural products come from marine sponges,
which are also known for having antibiofilm modulators. This was demonstrated in the
current investigation, which found that two of the four marine sponges evaluated have
antibiofilm properties against V. parahaemolyticus. Hymeniacidon sp. and H. amboinensis
are the two species of marine sponges. To our knowledge, no research has previously been
done on the antibiofilm activity of Hymeniacidon sp. and H. amboinensis specifically against
the biofilm of V. parahaemolyticus. However, research revealed that several chemicals,
including pyrroloiminoquinone alkaloids and bromopyrrole, were present in Haliclona spp.
and Hymeniacidon spp. [26, 27]. According to a study by Sun [28] one of the bromopyrrole
alkaloids, oroidin, demonstrated the inhibitory effects against a panel of Gram-negative
bacteria, proving that among these two compounds, bromopyrrole compounds can inhibit
biofilm. Research by Kelly [29] provides evidence in support of their conclusions.
Furthermore, it has been discovered that oroidin strongly prevents the growth of bacteria,
both Gram-positive and Gram-negative [30].

3.2 Evaluation of antibacterial activity

Of the two marine sponges, only Hymeniacidon sp. exhibited antibacterial activity with
inhibition zone against V. parahaemolyticus. This was evident in the formation of an
inhibition zone with the diameter of 17 mm, while H. amboinensis showed no antibacterial
activity on P. aeruginosa and V. parahaemolyticus.
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Fig. 3. The inhibitory zone diameter of 1.88 mg/mL of (A) H. amboinensis and (B) Hymeniacidon sp.
against V. parahaemolyticus. Oxytetracycline disc (30 pg) served as the positive control

The inhibition zone indicates that Hymeniacidon sp. produces substances that can prevent or
inhibit the growth of V. parahaemolyticus bacteria. In contrast, H. amboinensis exhibited no
antibacterial effects against either P. aeruginosa or V. parahaemolyticus. This suggests that
H. amboinensis may contain different bioactive compounds or may not produce compounds
that are effective against these particular bacteria.

3.3 Biofilm removal assay

There was no significant difference of matured P. aeruginosa biofilm removal by H.
amboinensis observed (Figure 3A). As for matured V. parahaemolyticus biofilm removal by
H. amboinensis and Hymeniacidon sp. there were some weak removal activities were
observed (Fig. 3B).
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Fig. 4. A- Matured P. aeruginosa biofilm removal by H. amboinensis. B- matured V. parahaemolyticus
biofilm removal by H. amboinensis and Hymeniacidon sp. The Tukey’s Post Hoc test showed a
statically significant different relative to control (p < 0.001). ns-not significant difference.

As seen in Fig. 4, where both sponges were able to remove matured biofilm by V.
parahaemolyticus, all of these reports may also help to confirm biofilm removal activity.
Apart from H. amboinensis's capacity to eliminate mature biofilm produced by V.
parahaemolyticus, Khotimchenko [31] have reported that specific diterpenes obtained from
the sponge Haliclona sp., namely haliclonadiamine (a quorum sensing inhibitor), have
exhibited the capability to obstruct the generation or interpretation of autoinducers. It is
thought that X. festudinaria and S. carteri have weak antibiofilm action. Our results
contradict those of earlier research that found S. carteri and X. testudinaria to have strong
antibiofilm action [32, 33]. This could be the result of biological differences between the sites
where the marine sponges were collected; hence, environmental changes could produce
different secondary metabolites and alter the chemical makeup of the sponges [34, 35]. As a
result, their antibiofilm actions differ from our discoveries as well.

4. Conclusion

Both H. amboinensis and Hymeniacidon sp. demonstrated promising anti-biofilm activity
against P. aeruginosa and V. parahaemolyticus. While Hymeniacidon sp. exhibited
bactericidal properties against V. parahaemolyticus thus preventing biofilm formation.
Haliclona amboinensis exhibited a non-bactericidal mechanism, suggesting it as a potential
alternative for combating biofilms without toxicity toward bacterial communities and also
toward marine environment.
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