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Abstract

Marine invasive species represents one of the major threats affecting biodiversity by altering marine habitat functionality, aquaculture
economy by degrading seawater quality and even health by introducing pathogens. In this study, the polysaccharidic extract of the non-indigenous
marine sponge Celtodoryx ciocalyptoides was evaluated on biofilm formation by pathogenic bacteria including E. coli and Vibrio splendidus.
Effect of this extract was investigated on different stages of bacterial colonization: adherence and biofilm formation. Results indicated that this
polysaccharide extract was able to enhance biofilm formation by E. coli, Pseudoalteromonoas sp., and Vibrio splendidus and to inhibit biofilm
formation by Paracoccus sp. Due to the abundance of this marine invasive species and its distribution near French shellfish areas, it is feared that
this species may represent a new threat to the bacteriological quality and economy of shellfish production areas.
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Introduction

Shellfish farming is particularly sensitive to the degradation of
the seawater quality. Among biological pollutants, faecal bacteria
such as E. coli are a major public health concern through bivalve
consumption. Due to the increasing demographic pressure on
the coastline, wastewater treatments are rapidly becoming
insufficient. Among other bacteriological strains, pathogenic
bacteria belonging to Vibrio species are known to cause host-
tissue lesions in various marine shellfishes. For example, Vibrio
splendidus related strains were found associated with mortality
outbreaks of the Pacific oyster Magallana gigas [1]. One of the
reasons for the persistence of pathogens as reservoirs in the
marine environment might be their resilience in the form of
biofilm on biotic or abiotic surfaces.

Biofilm formation is a succession of several stages: reversible
and irreversible attachment of plank-tonic bacteria onto a surface,
growth, and cell dispersal. It is defined as a dynamically and
structurally com-plex microbial community in which microbial
cells are embedded into a self-produced matrix made of extra-
cellular polymeric substances [2]. This matrix is composed of
a complex and polar mixture of organic sub-stances such as

polysaccharides, proteins and nucleic acids. This form of life
confers advantages to bacteria in terms of growth, protection
from antimicrobial agents, enzymatic activity, communication
and lateral gene transfer [3]. In the shellfish industry, bacterial
infections that lead to the formation of biofilms pose a serious
sanitary and economical threat [4,5].

The marine invasive sponge Celtodoryx ciocalyptoides was
discovered in 1996 in the river of Etel (France), in the nearby
Golfe du Morbihan and simultaneously around Oesterschelde
(Netherlands) [6,7], two European regions where shellfish culture
represents an important economic activity. This marine sponge
species probably originates from the Chinese Yellow Sea and is
thought to have been introduced in North-East Europe by the
transfer of the Pacific Oyster Magallana gigas during the 60’s to
aquaculture farms [7]. Competing successfully for space with other
sessile invertebrates, C. ciocalyptoides is considered as an invasive
marine species [6]. After a mass mortality during the winter
2003, sponges recovered with a covering rate 5 times higher than
in 2003. Between 2011 and 2014, we estimated its covering rate
about 29.3% of the rocky reef of the Etel river (Morbihan, France)
[8]. Extending its cover over artificial and natural substrates, C.
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cio-calyptoides spreading area seems to enlarge along the French
Atlantic coast. This IS was also discovered in 2012 in the river of
Penerf, in 2014 in the port of Le Havre [9] and in 2016 in front
of Lorient on the Tanche wreck (Sauleau, pers. comm.) where
it has probably found optimal conditions (light, temperature,
nutrients, lack of predation, biodiversity loss, etc.) to proliferate.
In 2017, in the port of Le Havre, specimens were not found any
more (Breton, pers. comm.). Regression of its covering rate was
also observed by scuba divers in the ria of Etel between 2017
and 2019. However, since 2021, this sponge showed a rapid
population growth on the rocky substrate forming once again a
huge mat (Sauleau, pers. comm.). In addition to this bloom-bust
dynamic, the marine sponge C. ciocalyptoides is characterized by
the secretion of sulfated polysaccharides [10]. Due to the large
amounts of polysaccharides secreted by the invasive sponge, their
potential role in the invasion process cannot be excluded.

Since polysaccharides are known to play a role in biofilm
formation by bacteria [11], we hypothesized that this invasive
sponge favours biofilm formation by bacteria during bloom phase.
To investigate the interaction of the invasive marine sponge C.
ciocalyptoides with its microbial environment, we studied the
impact of the sponge polysaccharides enriched mucus on the
biofilm formation by 4 different bacterial strains present in the
surrounding seawater including E. coli and V. splendidus. Other
roles of those polysaccharides in the marine environment are also
discussed.

Materials and Methods
Bacterial strains and culture media

Four bacterial strains were used in this study. Escherichia coli
DH5-a strain (E. coli) (Biomedal) was grown at 37°C on Lysogeny
Broth (LB) medium composed of 10 g/L NaCl, 5 g/L yeast extract
and 10 g/L tryp-tone in distilled water. Paracoccus sp. 4M6
(P. 4M6) and Pseudoalteromonas sp. 3]6 (P. 3]6) strains were
isolated from the marine environment in the Golfe du Morbihan
(Brittany) as previously described [12]. Vibrio splendidus 02 /041
(V. sp.) strain was isolated from Crassostrea gigas at Argenton
(Brittany) [13]. The V. splendidus 02 /041, Paracoccus sp. 4M6 and
Pseudoalteromonas sp. 3]6 strains were grown on Lysogeny Broth
Salt (LBS) medium composed of 20g/L NacCl, 5g/L yeast extract
and 10g/L tryptone in distilled water. Bacteria were cultivated
24h at 20°C with shaking (120rpm). Bacterial growth was studied
in 24-well microplates Costar® containing 2mL of medium.
Microplates were placed on a rotary shaker at 120rpm at 20°C.
Growth was monitored over time by measuring the absorbance at
600 nm every 30 minutes.

Extraction and purification of sponge polysaccharides

The marine sponge C. ciocalyptoides was collected by SCUBA
diving in the Ria of Etel (Brittany, France) during spring and
transported to the laboratory within cooled bags containing
seawater. Fresh sponges (3.5kg) were simply squeezed upon a

funnel to extract 1L of a mucus. This viscous solution was then
extracted from seawater by absolute ethanol precipitation (1:1
v/v) at 5°C overnight. After centrifugation (8000rpm, 5min.
at 4°C), the precipitate was then dissolved in distilled water in
a water bath at 35°C, desalted on a 6-8 kDa dialysis membrane
tubing (Spectra/PorTM, SpectrumTM) and lyophilized (Cryotec)
to yield 2g (0.33% dry weight) of a polysaccharide enriched
fraction (EPS). Protein content (less than 2%) was determined
by the Bradford’s method using bovine serum albumin as the
standard. Powder was stored at - 20°C until biological evaluation.

Antibacterial assays

The disc diffusion method was used to evaluate the
bactericidal effect of the polysaccharidic fraction. Briefly, on
Petri dishes seeded with E. coli DH5-a, V. splendidus 02/041,
Pseudoalteromonas sp. 3]6 or Paracoccus sp. 4M6, 10uL of a
solution of 20mg/mL polysaccharides in distilled water were
loaded onto 9 mm cellulose disc. The plates were incubated at
20°C for 48h. Presence of clear halos around the discs indicates
growth inhibition. Experiments were performed in triplicate.
Results (data not shown) indicated no bactericidal effects at a
concentration of 20mg/mL.

Bacterial adherence and biofilm formation

For bioassays, polysaccharides were dissolved in culture
media at a maximal concentration of 20 mg/mL and sterilized by
filtration through 0.20um membranes. As previously described
[14], adherence and biofilm were realized on glass coverslips in
a 3 independent channels of adherence or flow cells (channel
dimensions, 1x4x40 mm, Technical University of Denmark
Systems Biology, Denmark). The adherence step consisted in
injecting in each flow cell 0.5mL of a post-exponential bacteria
culture adjusted at 0.5 OD600 with ASW (Artificial Sea Water at
35g/L) (Sigma-Aldrich) without (control) or with EPS (20mg/
mL) and let incubated at room temperature (20°C) for 2h without
flow to allow bacterial attachment on a sterilized glass coverslip.
After incubation, the samples were rinsed 3 times with ASW to
eliminate non-adherent bacteria.

the
second step consisted in passing a flow of medium (without
polysaccharide) in the chamber of adherence at 0.5mL/h for 48h
at 20°C to let the formation of a biofilm.

After the adherence phase previously described,

Adherence and biofilm analysis

Adherence and biofilm formation were observed by CLSM
(Confocal Laser Scanning Microscopy) using a TCS-SP2 system
(Leica Microsystems, Germany) with a 60x oil immersion objective.
Bacteria were observed with SytoTM 9 Green Fluorescent Nucleic
Acid Stain (Invitrogen) at 5uM (Excitation/Emission (nm):
485/498) during 20min. Channels were observed by CLSM in all
their length and nine images were taken at regular intervals using
the Leica Confocal® software. At least 6 series of observations
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were realized each time and all the tested strains were replicated
three times. A minimum of 18-image stacks was obtained for each
strain with or without EPS.

Statistical analysis

Adherence (%), biomass (i.e. the volume of bacteria/glass
surface, um?/um?), average thickness (um) and maximum
thickness (um) of biofilm were calculated by the Comstat2®
(www.comstat.dk). All
performed with RStudio (R version 4.1.0). The non-parametric
Mann-Whitney test was conducted to examine the influence of the
polysaccharidic fraction on adherence and biofilm formation by

software statistical analyses were

bacteria. Statistical significance was accepted at p-value < 0.01.
Results and Discussion

As expected, the 4 bacterial strains adhered on a glass

surface in control conditions (Figure 1). To evaluate the sponge
EPS effect, the polysaccharide enriched fraction was dissolved
in culture media and evaluated on the adherence step. At a
non-bactericidal concentration of 20mg/mL, results indicated
for the 4 bacteria strains significant differences of adherence
between the 2 conditions (i.e. with or without polysaccharides)
(Figures 1 & 2). In the presence of EPS, the adherence of E. coli
DH5-a, Pseudoalteromonas sp. 3]6 and V. splendidus 02/041
were significantly increased (p-value < 0.01). Among those 3
bacterial strains, the strongest effect was observed on Vibrio
splendidus adherence which increased by 125% followed by E. coli
adherence which increased by 102%. The Pseudoalteromonas sp.
3]6 adherence increased moderately but significantly by 33%. In
contrast, the adherence by Paracoccus sp. 4M6 was significantly
reduced by 28% (p-value < 0.01).

e N
Figure 1: Confocal laser scanning microscopy images of adherence of A) E. coli DH5-a, B) Paracoccus sp. 4M6, C) Pseudoalteromonas
sp. 3J6 and D) V. splendidus 02/041 without (left, control) or with (A, B’, C’ and D’, respectively) sponge polysaccharides, after 2h of contact
onto glass surface and staining with SytoTM 9 green.
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Figure 2: Bacterial adherence (%) on glass surface without (control) or with sponge polysaccharides (E. coli = E. coli DH5-a, P. 4M6 =
Paracoccus sp. 4M6, P. 3J6 = Pseudoalteromonas sp. 3J6, V. sp. = Vibrio splendidus).
- J

In presence of polysaccharides, both biomass and thickness of the strains E. coli DH5-a, Pseudoalteromonas sp. 3]6 and V. splendidus

02/041 were significantly increased (Figure 3 & Table 1) (p-value < 0.01). In contrast, biofilm formation by Paracoccus sp. 4M6 was

significantly reduced (p-value < 0.01).

Table 1: Biofilm growth in flow-cell chambers for 48h after a 2h adherence step without (control) or with sponge polysaccharides (EPS) (E. coli =
E. coli DH5-a, P. 4M6 = Paracoccus sp. 4M6, P. 3J6 = Pseudoalteromonas sp. 3J6, V. sp. = Vibrio splendidus).

Control With EPS
. Biomass (um3/ | Average Thickness | Maximum Thick- | Biomass (um?3/ Average Thick- Maximum Thickness
Strain
pm?) (um) ness (um) pm?) ness (um) (um)

E. coli 1.85+0.81 14.4+3.86 21.7+2.46 4.23+2.76 19.34+5.02 33.29+7.67
P. 4M6 8.64+2.67 31.08+9.7 46.5+10.24 0.09+0.06 9.24+2.43 19.22+3.76
P.3J6 12.99+9.15 31.65+14.84 51.28+13.11 27.24%5.19 47.15+9.48 56.62+11.48
V. sp. 1.43+1.56 22.74+14.66 40.13+£16.55 15.8+8.35 75.52+30.78 131.5+29.72

In aqueous environment, any biotic or abiotic surface is
overgrown by bacterial biofilm followed by micro- and macro-
foulers within days or weeks. Most of the time, this phenomenon
occurs in several distinct stages: reversible attachment of
planktonic bacteria, irreversible attachment and EPS secretion,
biofilm maturation, detachment [15,16]. To limit biofouling and
exhibit clean surface, soft-bodied marine invertebrates such as
marine sponges produce antibiofilm natural substances. For
example, pyrrole-2-amino-imidazole alkaloids such as oroidin
isolated from Agelasidae are considered as an interesting source
for biofilm modulators [17]. Polysaccharides from various
natural sources also showed antibiofilm activities [18,19].
Among those polysaccharides, chitosan is probably the most
promising antibiofilm polymer due to its biodegradable and
biocompatible properties [20]. Other marine sources such as
sponges and/or their associated micro-organisms also produce
antibiofilm polysaccharides [21]. For example, a highly anionic
polysaccharide isolated from a Spongia officinalis associated

strain of Bacillus licheniformis was shown to inhibit adherence
and biofilm formation of bacterial strains [22]. A sponge-
associated Enterobacter strain isolated from the Brazilian sponge
Oscarella spp. was also shown to produce polysaccharides
inhibiting biofilm formation by Staphylococcus spp. [23]. In our
study, the sulphated polysaccharide enriched fraction secreted
by the marine sponge C. ciocalyptoides showed antibiofilm
activities against the commensal bacteria Paracoccus sp. 4M6.
As many natural compounds isolated from marine invertebrates,
polysaccharides secreted by C. ciocalyptoides are probably
produced by sponge associated micro-organisms rather than the
sponge itself. In our case, the sponge associated micro-organism
responsible for the production of those polysaccharides still
remains unknown. In contrast, the same polysaccharidic fraction
was shown to promote E. coli, Pseudoalteromonoas sp., and Vibrio
splendidus biofilm formations. Polysaccharides are the major
component of the extracellular matrix in many bacterial biofilms
and are necessary for their formation and stabilization. While
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polysaccharides production by bacteria often correlated with to the formation of biofilms pose a serious threat to the economy,
their own biofilm formation, data concerning the promotion of further studies are needed to understand the exogenous factors
biofilm formation by polysaccharides from exogenous origin are  that modulate biofilm formations.

scarce. Since in the shellfish industry bacterial infections that lead

e I
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Figure 3: Confocal laser scanning microscopy images of biofilm formation by A) E. coli DH5-a, B) Paracoccus sp. 4M6, C) Pseudoalteromonas
sp. 3J6 and D) V. splendidus 02/041 in a flow-cell chambers for 48 h after a 2 h adherence step without (left, control) or with (right) sponge
polysaccharides. Strains were stained with Syto 9. Projections in the x-y plane are presented. Images are representative of at least 3
independent experiments.
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In most cases, invasive species modify habitats, change
community structure, impact ecosystem ser-vices and threat
socio-economic activities [24-27]. In addition, invasive species
can act as a competent host for native pathogens thus amplifying
transmission dynamics of pathogens populations [28]. Ultimately
that can lead to increased infection levels in native hosts
defined as “parasite spillback” [29] with economic and sanitary
consequences including on aquaculture [30]. Due the invasive
character of the marine sponge Cel-todoryx ciocalyptoides and
its close distribution to shellfish areas [6-8], it is feared that
C. ciocalyptoides polysaccharides may represent an additional
threat to shellfish aquaculture by promoting biofilm formation by
pathogens.

From an ecological point of view, it is of interest to understand
the interaction between the marine sponge C. ciocalyptoides and
environmental bacteria including pathogens. It has been reported
that some marine organisms can tolerate bacterial epibiosis and
even use this epibiotic biofilm as a second skin [31]. It will be
worthy to study how well adapted organisms to disturbances
such as invasive species mediate interactions with bacterial
epibiosis to confer novel advantages in their novel and changing
environment. For example, the genus Pseudoalteromonas is
frequently associated with marine invertebrates and displays
several biological activities [32]. Interestingly, in our study, the
polysaccharidic fraction obtained from C. ciocalyptoides was
shown to enhance biofilm formation by Pseudoalteromonas
sp. 3]J6. One other hypothesis to explain the invasiveness of the
marine sponge C. ciocalyptoides could be that the sponge produces
sufficient amounts of sulfated polysaccharides to cover biotic or
abiotic substrates and favour biofilm formation thus facilitating
sponge larvae settlement or sponge cells confluence by cell-cell
adherence and recognition [33,34]. Sulfated polysaccharides
from the marine sponge Hymeniacidon heliophila are known to be
involved in cell-cell adherence and recognition in sponges forming
small cellular aggregates or primmorphs [35,36]. Whatever, the
ecological role of this polysaccharide fraction and its potential
contribution to the invasiveness process of this exotic sponge
species remain unclear.

Conclusion

In this study, the polysaccharide enriched fraction secreted
by the marine sponge C. ciocalyptoides showed antibiofilm
activities against the commensal bacteria Paracoccus sp. 4M6
by reducing both bacterial adherence and biofilm biomass and
thickness. In contrast, the polysaccharide enriched fraction was
shown to promote E. coli, Pseudoalteromonoas sp. 3]6, and Vibrio
splendidus biofilm formations. The consequence is that this
sponge-polysaccharides secretion may impact seawater quality
through pathogens spillback with sanitary and economic impacts
on shellfish farming in the context of a changing climate. Since C.
ciocalyptoides can be viewed as a reservoir or a vector of biological
contaminants, further strategies to control the expansion of C.

ciocalyptoides are required.
Acknowledgment

This work was co-funded by the ARED action of the Conseil
Régional de Bretagne, the Conseil Départemental du Morbihan,
and by the FEP axe 4 Pays d’Auray.

References

1. Le Roux F, Gay M, Lambert C, Waechter M, Poubalanne §, et al. (2002)
Comparative analysis of Vibrio splendidus-related strains isolated
during Crassostrea gigas mortality events. Aquatic Living Resources
15(4): 251-258.

2. Costerton JW, Cheng K], Geesey GG, Ladd TI, Nickel JC, et al. (1987)
Bacterial biofilms in nature and disease. Annual Review of Microbiology
41: 435-464.

3. Donlan RM, Costerton JW (2002) Biofilms: Survival mechanisms of
clinically relevant microorganisms. Clinical Microbiology Review
15(2): 167-193.

4. Vezzulli L, Pezzati E, Stauder M, Stagnaro L, Venier P, et al. (2015)
Aquatic ecology of the oyster pathogens Vibrio splendidus and Vibrio
aestuarianus. Environmental Microbiology 17(4): 1065-1080.

5. Arunkumar M, Lewis OF, Thajuddin N, Pugazhendhi A, Nithya C (2020)
In vitro and in vivo biofilm forming Vibrio spp: a significant threat in
aquaculture. Process Biochemistry 94: 213-223.

6. Perez T, Perrin B, Carteron S, Vacelet ], Boury EN (2006) Celtodoryx
girardae gen. nov. sp. nov, a new sponge species (Poecilosclerida:
Demospongiae) invading the Gulf of Morbihan (North East Atlantic,
France). Cahiers de Biologie Marine 47: 205-214.

7. Henkel D, Janussen D (2011) Redescription and new records of
Celtodoryx ciocalyptoides (Demospongiae: Poecilosclerida) - a sponge
invader in the north east Atlantic Ocean of Asian origin? Journal of the
Marine Biological Association UK 91(2): 347-355.

8. Gentric C, Sauleau P (2016) Distribution, abundance and pollution
tolerance of the marine invasive sponge Celtodoryx ciocalyptoides
(Burton, 1935) in the Etel River. Cahiers de Biologie Marine 57: 57-64.

9. Berno A, Dancie C, Pinsivy L, Corthésy D, Breton G (2018) First
observation of the alien and invasive sponge Celtodoryx ciocalyptoides
(Burton, 1935) (Porifera: Coelosphaeridae) in the port of Le Havre
(English Channel). Hydroécolie Appliquée 20: 131-144.

10.Rashid ZM, Lahaye E, Defer D, Douzenel P, Perrin B, et al. (2009)
Isolation of a sulphated polysaccharide from a recently discovered
sponge species (Celtodoryx girardae) and determination of its anti-
herpetic activity. International Journal of Biological Macromolecules
44(3): 286-293.

1

=

. Sutherland IW (2001) Biofilm exopolysaccharides: a strong and sticky
framework. Microbiology 147(1): 3-9.

12.Grasland B, Briandet R, Quemener E, Meylheuc T, Vallée RK, et al.
(2003) Bacterial biofilm in seawater: cell surface properties of early-
attached marine bacteria. Biofouling 19(5): 307-313.

13. Travers MA, Degremont L, De Lorgeril ], Azema P, Montanani C, et al.
(2014) Adult cupped oyster mortalities (Crassostrea gigas) and Vibrio
estuarianus infection - AESTU, RINT.RBE/SG2M-LGPMM.

14. Dheilly A, Soum SE, Klein GL, Bazire A, Compeére C, et al. (2010)
Antibiofilm activity of the marine bacterium Pseudoalteromonas sp.
strain 3]6. Applied and Environmental Microbiology 76(11): 3452-
3461.

15.Wahl M (1989) Marine epibiosis. I. Fouling and antifouling: some basic
aspects. Marine Ecology Progress Series 58: 175-189.

How to cite this article: Charline G, Pierre S. Potential Sanitary Impacts on Shellfish Aquaculture by the Marine Invasive Sponge Celtodoryx ciocalyptoides.
Oceanogr Fish Open Access J. 2022; 15(4): 555920. DOI: 10.19080/0FOAJ.2022.15.555920


http://dx.doi.org/10.19080/OFOAJ.2022.15.555920
https://www.alr-journal.org/articles/alr/abs/2002/04/alr2084/alr2084.html
https://www.alr-journal.org/articles/alr/abs/2002/04/alr2084/alr2084.html
https://www.alr-journal.org/articles/alr/abs/2002/04/alr2084/alr2084.html
https://www.alr-journal.org/articles/alr/abs/2002/04/alr2084/alr2084.html
https://pubmed.ncbi.nlm.nih.gov/3318676/
https://pubmed.ncbi.nlm.nih.gov/3318676/
https://pubmed.ncbi.nlm.nih.gov/3318676/
https://pubmed.ncbi.nlm.nih.gov/11932229/
https://pubmed.ncbi.nlm.nih.gov/11932229/
https://pubmed.ncbi.nlm.nih.gov/11932229/
https://pubmed.ncbi.nlm.nih.gov/24725454/
https://pubmed.ncbi.nlm.nih.gov/24725454/
https://pubmed.ncbi.nlm.nih.gov/24725454/
https://www.sciencedirect.com/science/article/abs/pii/S1359511319315363
https://www.sciencedirect.com/science/article/abs/pii/S1359511319315363
https://www.sciencedirect.com/science/article/abs/pii/S1359511319315363
https://www.cabdirect.org/cabdirect/abstract/20063130982
https://www.cabdirect.org/cabdirect/abstract/20063130982
https://www.cabdirect.org/cabdirect/abstract/20063130982
https://www.cabdirect.org/cabdirect/abstract/20063130982
https://pubmed.ncbi.nlm.nih.gov/19263508/
https://pubmed.ncbi.nlm.nih.gov/19263508/
https://pubmed.ncbi.nlm.nih.gov/19263508/
https://pubmed.ncbi.nlm.nih.gov/19263508/
https://pubmed.ncbi.nlm.nih.gov/19263508/
https://pubmed.ncbi.nlm.nih.gov/11160795/
https://pubmed.ncbi.nlm.nih.gov/11160795/
https://pubmed.ncbi.nlm.nih.gov/14650085/
https://pubmed.ncbi.nlm.nih.gov/14650085/
https://pubmed.ncbi.nlm.nih.gov/14650085/
https://pubmed.ncbi.nlm.nih.gov/20363799/
https://pubmed.ncbi.nlm.nih.gov/20363799/
https://pubmed.ncbi.nlm.nih.gov/20363799/
https://pubmed.ncbi.nlm.nih.gov/20363799/

Oceanography & Fisheries Open access Journal

16.Stowe SD, Richards JJ, Tucker AT, Thompson R, Melander C, et al.
(2011) Anti-biofilm compounds derived from marine sponges. Marine
Drugs 9(10): 2010-2035.

17.Hertiani T, Edrada ER, Ortlepp S, Van Soest RWM, De Voogd NJ, et
al. (2010) From anti-fouling to biofilm inhibition: new cytotoxic
secondary metabolites from two Indonesian Agelas sponges.
Bioorganic & Medicinal Chemistry 18(3): 1297-1311.

18. Rendueles O, Kaplan JB, Ghigo JM (2013) Antibiofilm polysaccharides.
Environmental Microbiology 15(2): 334-346.

19.Junter GA, Thébault P, Lebrun L (2016) Polysaccharide-based
antibiofilm surfaces. Acta Biomaterialia 30: 13-25.

20.Khan F, Pham DTN, Oloketuyi SF, Manivasagan P, Oh ], et al. (2020)
Chitosan and their derivatives: Antibiofilm drugs against pathogenic
bacteria. Colloids Surface B 185: 110627.

21.Zierer MS, Mourdo PAS (2000) A wide diversity of sulfated
polysaccharides are synthesized by different species of marine
sponges. Carbohydrate Research 328(2): 209-216.

22.Sayem SMA, Manzo E, Ciavatta L, Tramice A, Cordone A, et al. (2011)
Anti-biofilm activity of an exopolysaccharide from a sponge-associated
strain of Bacillus licheniformis. Microbial Cell Factories 10(74): 1-12.

23.De Oliveira NS, Da Silva RH, Canellas ALB, Romanos MTV, Dos Santos
KRN, et al. (2021) High reduction of staphylococcal biofilm by aqueous
extract from marine sponge-isolated Enterobacter sp. Research in
Microbiology 172(1): 103787.

24.Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W (2003) Marine
invasive alien species: a threat to global biodiversity. Marine Policy
27(4): 313-323.

25. Wallentinus I, Nyberg CD (2007) Introduced marine organisms as
habitat modifiers. Marine Pollution Bulletin 55(7-9): 323-332.

26.Crowl TA, Crist TO, Parmenter RR, Belovsky G, Lugo AE (2008)
The spread of invasive species and infectious disease as drivers of
ecosystem change. Frontiers in Ecology and the Environment 6(5):
238-246.

This work is licensed under Creative
@ @ Commons Attribution 4.0 Licens
DOI: 10.19080/0F0AJ.2022.15.555920

007

27.Keesing F, Belden LK, Daszak P, Dobson A, Harvell CD, et al. (2010)
Impacts of biodiversity on the emergence and transmission of
infectious diseases. Nature 468(7324): 647-652.

28.Vilcinskas A (2015) Pathogens as biological weapons of invasive
species. PLoS Pathogens 11(4): e1004714.

29. Kelly DW, Paterson RA, Townsend CR, Poulin R, Tompkins DM (2009)
Parasite spillback: a neglected concept in invasion ecology? Ecology
90(8): 2047-2056.

30. Gallardo B, Clavero M, Sdnchez MI, Vila M (2016) Global ecological
impacts of invasive species in aquatic ecosystems. Global Change
Biology 22(1): 151-163.

31.Wahl M, Goecke F, Labes A, Dobretsov S, Weinberger F (2012) The
second skin: ecological role of epibiotic biofilms on marine organisms.
Frontiers in Microbiology 3: 1-21.

32. Holmstrém C, Kjelleberg S (1999) Marine Pseudoalteromonas species
are associated with higher organisms and produce biologically active
extracellular agents. FEMS Microbiology Ecology 30(4): 285-293.

33.Coombe DR, Jakobsen KB, Parish CR (1987) A role for sulfated
polysaccharide recognition in sponge cell aggregation. Experimental
Cell Research 170(2): 381-401.

34.Misevic GN, Burger MM (1993) Carbohydrate-carbohydrate
interactions of a novel acidic glycan can mediate sponge cell adhesion.
Journal of Biological Chemistry 268(7): 4922-4929.

35. Vilanova E, Coutinho C, Mourdo PAS (2009) Sulfated polysaccharides
from marine sponges (Porifera): an ancestor cell-cell adhesion event
based on the carbohydrate-carbohydrate interaction. Glycobiology
19(8): 860-867.

36.Vilanova E, Coutinho C, Maia G, Mourdo PAS (2010) Sulfated
polysaccharides from marine sponges: conspicuous distribution
among different cell types and involvement on formation of in vitro cell
aggregates. Cell and Tissue Research 340(3): 523-531.

Your next submission with Juniper Publishers
will reach you the below assets
¢ Quality Editorial service
o Swift Peer Review
¢ Reprints availability
¢ E-prints Service
¢ Manuscript Podcast for convenient understanding
¢ Global attainment for your research
e Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

¢ Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

How to cite this article: Charline G, Pierre S. Potential Sanitary Impacts on Shellfish Aquaculture by the Marine Invasive Sponge Celtodoryx ciocalyptoides.

Oceanogr Fish Open Access J. 2022; 15(4): 555920. DOI: 10.19080/0FOAJ.2022.15.555920


http://dx.doi.org/10.19080/OFOAJ.2022.15.555920
http://dx.doi.org/10.19080/OFOAJ.2022.15.555920
https://juniperpublishers.com/online-submission.php
https://pubmed.ncbi.nlm.nih.gov/20061160/
https://pubmed.ncbi.nlm.nih.gov/20061160/
https://pubmed.ncbi.nlm.nih.gov/20061160/
https://pubmed.ncbi.nlm.nih.gov/20061160/
https://pubmed.ncbi.nlm.nih.gov/20061160/
https://pubmed.ncbi.nlm.nih.gov/20061160/
https://pubmed.ncbi.nlm.nih.gov/20061160/
https://pubmed.ncbi.nlm.nih.gov/22730907/
https://pubmed.ncbi.nlm.nih.gov/22730907/
https://pubmed.ncbi.nlm.nih.gov/26555378/
https://pubmed.ncbi.nlm.nih.gov/26555378/
https://pubmed.ncbi.nlm.nih.gov/31732391/
https://pubmed.ncbi.nlm.nih.gov/31732391/
https://pubmed.ncbi.nlm.nih.gov/31732391/
https://pubmed.ncbi.nlm.nih.gov/11028788/
https://pubmed.ncbi.nlm.nih.gov/11028788/
https://pubmed.ncbi.nlm.nih.gov/11028788/
https://pubmed.ncbi.nlm.nih.gov/21951859/
https://pubmed.ncbi.nlm.nih.gov/21951859/
https://pubmed.ncbi.nlm.nih.gov/21951859/
https://pubmed.ncbi.nlm.nih.gov/33049327/
https://pubmed.ncbi.nlm.nih.gov/33049327/
https://pubmed.ncbi.nlm.nih.gov/33049327/
https://pubmed.ncbi.nlm.nih.gov/33049327/
https://www.sciencedirect.com/science/article/pii/S0308597X03000411
https://www.sciencedirect.com/science/article/pii/S0308597X03000411
https://www.sciencedirect.com/science/article/pii/S0308597X03000411
https://pubmed.ncbi.nlm.nih.gov/17207503/
https://pubmed.ncbi.nlm.nih.gov/17207503/
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/070151
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/070151
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/070151
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/070151
https://pubmed.ncbi.nlm.nih.gov/21124449/
https://pubmed.ncbi.nlm.nih.gov/21124449/
https://pubmed.ncbi.nlm.nih.gov/21124449/
https://pubmed.ncbi.nlm.nih.gov/25856550/
https://pubmed.ncbi.nlm.nih.gov/25856550/
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/08-1085.1
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/08-1085.1
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/08-1085.1
https://pubmed.ncbi.nlm.nih.gov/26212892/
https://pubmed.ncbi.nlm.nih.gov/26212892/
https://pubmed.ncbi.nlm.nih.gov/26212892/
https://pubmed.ncbi.nlm.nih.gov/22936927/
https://pubmed.ncbi.nlm.nih.gov/22936927/
https://pubmed.ncbi.nlm.nih.gov/22936927/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1574-6941.1999.tb00656.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1574-6941.1999.tb00656.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1574-6941.1999.tb00656.x
https://pubmed.ncbi.nlm.nih.gov/3595737/
https://pubmed.ncbi.nlm.nih.gov/3595737/
https://pubmed.ncbi.nlm.nih.gov/3595737/
https://pubmed.ncbi.nlm.nih.gov/7680344/
https://pubmed.ncbi.nlm.nih.gov/7680344/
https://pubmed.ncbi.nlm.nih.gov/7680344/
https://pubmed.ncbi.nlm.nih.gov/19395676/
https://pubmed.ncbi.nlm.nih.gov/19395676/
https://pubmed.ncbi.nlm.nih.gov/19395676/
https://pubmed.ncbi.nlm.nih.gov/19395676/
https://pubmed.ncbi.nlm.nih.gov/20376489/
https://pubmed.ncbi.nlm.nih.gov/20376489/
https://pubmed.ncbi.nlm.nih.gov/20376489/
https://pubmed.ncbi.nlm.nih.gov/20376489/

	Potential Sanitary Impacts on Shellfish  Aquaculture by the Marine Invasive Sponge  Celtodoryx cioca
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion
	Acknowledgment
	References

