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Abstract: Aquaculture is gaining attention as a sustainable method to meet the growing demand for marine-derived
products, with the marine sponge Chondrosia reniformis emerging as a promising candidate due to its biochemical prop-
erties. Rich in collagen, fatty acids and bioactive metabolites, C. reniformis holds significant potential for applications in
biomedicine, cosmetics, and pharmaceuticals. Cultivating this sponge through aquaculture offers a sustainable alterna-
tive to wild harvesting, ensuring a steady supply while alleviating ecological pressure. This study compares the chem-
ical profiles of wild and farmed C. reniformis using liquid chromatography-tandem mass spectrometry (LC-MS/MS).
Farmed samples exhibited greater chemical consistency and a more diverse fatty acid profile, including unsaturated
fatty acids like oleic and vaccenic acid, which are associated with nutritional benefits. In contrast, wild specimens
showed higher chemical variability, likely driven by micro-spatial fluctuations in environmental and dietary factors.
Bioactive metabolites such as (+)-puupehenone were present in both groups but in low concentrations, limiting their
antimicrobial and anticancer activity in‘assays. Our findings highlight metabolic differences between wild and farmed
sponges, possibly shaped by the controlled aquaculture conditions, suggesting that sponge mariculture not only ensures
sustainable production but also allows for optimization of metabolite yields. Moreover, the bioremediation capacity of
C. reniformis enhances aquaculture’s environmental sustainability by reducing organic pollutants in surrounding wa-
ters. This research underlines the potential of C. reniformis as a model organism for integrated aquaculture systems,
offering dual benefits of ecological restoration and production of high-value biomolecules.
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1. Introduction

Aquaculture is increasingly being recognized as a sustainable approach to meet the rising global demand for marine-
derived products, with a particular focus on species that offer both economic and ecological benefits. Marine sponges
farming has gained considerable interest due to the vast array of natural products these organisms produce. Sponges
and their microbial symbionts are a rich source of structurally diverse metabolites with potent bioactive properties,
currently accounting for nearly half of all discovered marine-derived drugs [1-5]. Besides their bioproduction potential
for maintaining a sustainable supply, the cultivation of marine sponges is also regarded as a bioremediation strategy
for alleviating environmental pressures associated with fish aquaculture. Given the steady expansion of the aquaculture

sector [6], there is a growing need for sustainable solutions to mitigate the substantial quantities of organic matter and
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nutrients released from fish farms [7]. Owing to their natural ability to uptake bacterial [8-13] or algal cells [14-17],
dissolved organic [18-20] and inorganic pollutants [21,22], as well as aquaculture effluents [23-25], marine sponges
emerge as promising candidates for integration into multitrophic aquaculture systems [26-29].

The marine sponge Chondrosia reniformis (Nardo, 1847, Demospongiae, Chondrosiida, Chondrosiidae), stands out

for its unique biochemical properties and the broad industrial potential. This collagen-rich sponge with its dense extra-
cellular matrix, is a promising candidate for biomedical, pharmaceutical, and cosmetic applications [30,31]. The cultiva-
tion of C. reniformis in aquaculture settings offers a sustainable means for harnessing its valuable metabolites. Previous
studies have demonstrated the successful growth of this sponge in integrated mariculture systems, particularly near
fish farms, where it has shown high survival and growth rates [32,33]. Additionally, our research group has reported
its adaptability to eutrophic conditions and aquaculture-related pollutants with notable bioremediation capabilities
[17,25]. These findings indicate the potential of C. reniformis for commercial-scale cultivation, which could help alleviate
fish aquaculture pollution and the pressures on wild populations, while ensuring a consistent supply of collagen.
C. reniformis remains largely unexplored in terms of secondary metabolite production. Nevertheless, its repertoire of
natural products includes the marine sesquiterpene quinone (+)-puupehenone, which is known for its antituberculosis,
antibacterial, antifungal, and cytotoxic properties [34-37]. Additionally, its primary metabolites further highlight its po-
tential for bioproduction, as specific fatty acids contribute to sponge’s structural integrity and bioactivity [38,39].

This study aimed to showcase the cultivation prospective of C. reniformis for the sustainable production of metab-
olites and to determine whether farmed sponges differ chemically from their wild counterparts. To achieve this, we
constructed a comprehensive library of Chondrosia metabolites, precursor ions, and MS fragments. The chemical com-
position of both farmed and wild sponge specimens was then analyzed and compared using high-resolution analytical
techniques, specifically liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS). The biological

activity of the sponge-derived extracts was also examined through antimicrobial and anticancer assays.

2. Results and Discussion

Targeted LC-MS/MS analysis of farmed and wild C. reniformis revealed a predominance of fatty acids. These pre-
sented a diverse range of fatty acids subclasses, including saturated fatty acids such as myristic acid and pentadecanoic
acid, branched-chain and methylated acids like 13-methyltetradecanoic acid, and unsaturated fatty acids such as oleic
acid (omega-9) and vaccenic acid (omega-7). The farmed specimens displayed a fatty acid profile closely matching that
of the wild specimens (Figure 1).

2-Hydroxydocosanoic acid, arachidic acid, 2-hydroxytetracosanoic acid, oleic acid, and 15-methyl-9-hexadecenoic
acid were the dominant fatty acids across all samples, contributing significantly (70.86 to 64.93%; 13.85 to 4.46%; 8.02 to
4.30%; 6.12 to 3.68%; and 1.77 to 1.16%, respectively) to the overall fatty acid profile.

Fatty acids are a vital class of metabolites with diverse biotechnological applications across the pharmaceutical,
cosmetic, food, feed, and energy industries [40,41]. In particular, 2-hydroxydocosanoic acid, exhibits antioxidant activ-
ity, with potential biotechnological applications in dermatological formulations [42]. 2-Hydroxytetracosanoic acid has
identified as fatty acid residue in ceramides demonstrating potential antimalarial activity [43,44]. Arachidic acid has
been reported to possess antimicrobial properties [45]. Oleic acid is widely used in the food industry for its health
benefits, as well as in pharmaceuticals and cosmetics. For instance, it functions as a pancreatic lipase inhibitor, offering
prospects in weight management, and as a bone induction agent [46,47]. Additionally, methoxylated lipids have demon-
strated antibacterial, antifungal, antitumor, and antiviral [48] Nevertheless, 15-methyl-9-hexadecenoic bioactivity has
not been reported.

The sesquiterpene quinone (+)-puupehenone, an antituberculosis, antibacterial, antifungal, and cytotoxic agent
originally isolated from Chrondrosia chucalla marine sponges, was also identified in the C. reniformis samples [34,49]. The

LC-MS/MS peak intensity of the major fatty acids, along with puupehenone, was intently compared between the wild
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Figure 1. Fatty acids and sesquiterpene composition of farmed and wild Chondrosia reniformis sponges.

and farmed groups (Figure 2). In the farmed group, 2-hydroxydocosanoic acid and 2-hydroxytetracosanoic acid exhib-
ited a higher median intensity, whereas arachidic acid, 15-mehtyl-9-hexadecenoic acid, and puupehenone showed a

higher median intensity in the wild group. Oleic acid median intensity was similar in both groups.
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Figure 2. Boxplot of relative abundances of dominant metabolites across wild and farmed C. reniformis sponges.

88
89
90
91



Overall, farmed specimens demonstrated lower variability across all metabolites compared to the wild group, sug-
gesting more consistent metabolites concentrations. Wild specimens displayed greater variability and higher peak in-
tensities across most fatty acids, exceptions include 14-methylpentadecanoic acid, 15-mehtylhexadecanoic acid, 18-me-
thylnonadecanoic acid, docosanoic acid, pentacosanoic acid, and vaccenic acid, as well as previously mentioned 2-hy-
droxydocosanoic acid and 2-hydroxytetracosanoic acid, which exhibited higher median intensities in the farmed group,
Figure S1. Additionally, 18-methyleicosanoic acid, 18-mehtylhexadecanoic acid, and 12-methyltetradecanoic acid are
the only primary metabolites that exhibited higher variability in the farmed group.

The observed differences in fatty acids composition may result from variations in the dietary sources and environ-
mental conditions influencing wild populations, while the controlled conditions of farmed groups contribute to more
uniform fatty acid profiles. It is worth stressing that farmed sponges should primarily feed o organic matter derived
from fish excretions and uneaten fish feed, which likely differs significantly from the natural diet of wild sponges.

Statistical analysis using t-tests was conducted to identify significant features in the dataset and determine statisti-
cally relevant compounds. Several fatty acids were detected, including myristic acid, arachidic acid, 2-hydroxydocosa-
noic acid, 14-methylhexadecanoic acid, and 12-methyltetradecanoic acid. Among these, myristic acid demonstrated the
highest t-statistic (3.3106) and the lowest p-value (0.029637), making it the most differentially abundant feature in the
dataset. While 2-hydroxydocosanoic acid and arachidic acid also showed potential importance, their statistical signifi-
cance is comparatively weaker. For the remaining compounds, the p-value threshold of 0.1 suggests moderate signifi-
cance, but none meet the conventional p < 0.05 level. This suggests that the design of future experiments should include

larger sample sizes.
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Figure 3. Comparison of wild and farmed sponges. A) Principal Component Analysis (PCA) and B) Hierarchical clustering anal-

ysis.

Principal Component Analysis (PCA) clustering pattern showed that wild and farmed samples are distinguishable
based on their metabolic profiles, Figure 3 A. PCA explains 97.9% of the variability in the dataset, reducing the data to
two principal components, PC1 and PC2, which describe 59.6% and 38.3% of the variance, respectively. The resulting
plot reveals two distinct clusters corresponding to wild and farmed sponges, with confidence ellipses indicating vari-
ance within each group. The cluster of wild sponges shows greater spread along both axes, suggesting higher compo-
sitional variability, while the cluster of farmed ones appears more compact, indicating lower variation, corroborating
the previous box plot analysis. The hierarchical clustering analysis (Figure 3 B) further distinguishes wild and farmed
groups, revealing a strong group-specific structure in the dataset. The hierarchical clustering dendrogram classifies
samples into two distinct clusters: Cluster 1 (Wild-1, Wild-2, Wild-3) and Cluster 2 (Farmed-1, Farmed-2, Farmed-3),
highlighting differences between them.
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PCA and hierarchical clustering suggest that the primary sources of variance in the data clearly separate wild and
farmed into only two groups. However, K-means clustering divides the samples into three groups: Cluster 1 (Wild-1),
Cluster 2 (Wild-2 and Wild-3), and Cluster 3 (Farmed-1, Farmed-2, and Farmed-3), indicating that Wild-1 is more dis-
tinct from Wild-2 and Wild-3, while all farmed samples cluster together. In contrast, Self-Organizing Map (SOM) clus-
tering groups the samples differently, with Cluster 1 comprising of Wild-1, Cluster 2 including Wild-2, Wild-3 and
Farmed-1, and Cluster 3 consisting of Farmed-2 and Farmed-3. This suggests that Farmed-1 shares some features with
wild samples, making it less distinguishable from them, whereas Farmed-2 and Farmed-3 form a separate cluster. Al-
together, our results demonstrate the successful metabolites production of farmed C. reniformis marine sponges and
similarities of the identified metabolites with wild specimens, advocating for their inclusion in integrated aquaculture

systems.
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Figure 4. Heatmap representation of wild and farmed C. reniformis sponges. The color scale, from blue (low) to red (high), repre-

sents standardized expression levels.

The metabolic signatures of wild and farmed groups were further illustrated using heatmap analysis, Figure 4.
Metabolites contribute to two classes differentiation and may serve as potential biomarkers for distinguishing wild and
farmed populations. Clustering of metabolites reveals distinct chemical patterns, with compounds like 2-hy-
droxydocosanoic acid, 15-methylhexadecanoic acid and docosanoic acid showing higher expression in the farmed
group, while arachidic acid, 12-methyltetradecanoic acid, 18-methylpentadecanoic acid, and myristic acid were more
associated with the wild group (Figure 4).

Additionally, secondary metabolite jaspisamide, a cytotoxic diterpene lactone previously reported in Jaspis sp. and
Chrondrosia corticata sponges, was detected in one of the wild samples [50,51]. Our analysis also identified a family of
compounds with an m/z range of 800-900 Da present in all samples, consistent with the molecular weights of macrolide
jaspisamide and halidondramide class. This family includes triazole-containing macrolides compounds, previously re-

ported from C. corticata, known for their cytotoxicity and antifungal properties[51-53]. Further isolation and
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identification of these compounds are warranted to fully explore the biotechnological potential of C. reniformis sponges

for drug discovery and aquaculture applications.

2.2 Antimicrobial and anticancer activities evaluation

We examined the antimicrobial and anticancer activities of extracts from wild and farmed C. reniformis sponges.
Antimicrobial tests were performed against two human pathogens: methicillin-resistant Staphylococcus aureus (MRSA,
COL) as a representative Gram-positive bacterium, and Escherichia coli (ATCC 25922) as a representative Gram-negative
bacterium. Additionally, the anticancer effects and general toxicities of the extracts were evaluated using the human
colorectal carcinoma cell line HCT-116 (ECACC 91091005), Figure S2. None of the extracts demonstrated antimicrobial
or anticancer activity, likely due to the predominance of fatty acids in the extracts, which have no reported activity
against the tested bacteria or cell line [38,39]. Furthermore, metabolites with known biological activity, such as puupehe-

none and jaspisamide, were detected in lower concentrations when compared to fattyacids [34,54].

3. Materials and Methods
3.1 Sponge samples

In June 2020, individuals of C. reniformis collected from natural habitats were introduced into an integrated aqua-
culture system. They were transferred live and affixed to PVC discs attached to vertical hanging ropes. Those rearing
arrays were positioned in close proximity (5-10 m) to the fish'cages of an active fish farm in Souda Bay, northwest Crete,
Aegean Sea (35.4801/24.1117), at a depth of 7 to 10 meters. Reared sponges’ individuals were derived from biomass
cuttings (explants) taken from a nearby wild population in Souda Bay (35.4783/24.1091). Over a continuous period of 19
months, the sponges remained in open-sea cultivation, exhibiting minimal mortality while demonstrating regeneration
and growth. In February 2022, tissue samples were collected from three replicate individuals of both wild and farmed
populations, totalling 6 samples, following the methodology of Varamogianni-Mamatsi et al. (2022) [17]. The wild spec-
imens were sampled from their respective original collection sites used for the initial experimental seeding. Sampling
in all cases was performed selectively by divers, ensuring that only excess biomass was taken, thereby allowing the
donor sponges to regenerate. In both farmed and wild populations, samples were excised underwater from the parent
sponge using a razor blade and placed in individually labelled sterile bags. They were subsequently preserved in cooler
boxes with ice packs and transported to the Hellenic Centre for Marine Research within three hours, where they were

stored at -20 °C until further analysis.

3.2 Sponge extracts

Freeze-dried samples from both wild and farmed sponges were ground into a fine powder (1 to 4 g per sample)
using a standard mixer, according to a previously described method [55]. The resulting powder underwent three rounds
of extraction in an ice-cold sonication bath for 15 minutes per round, utilizing a solvent mixture of methanol and di-
chloromethane (20 mL of a 1:1 v/v ratio per gram of sponge). Following each extraction, the sponge suspensions were
centrifuged at 8000x g for 7 minutes at 20 °C. The supernatants collected were filtered through paper and dried using a
centrifugal vacuum evaporator (EZ-2 Plus; Genevac, United Kingdom). The dried extracts were subsequently dissolved
in 4 mL of the same solvent mixture (MeOH:DCM 1:1), transferred to 50 mL Falcon tubes, and mixed with 16 mL of
acetonitrile. To precipitate proteins, the samples were kept at -20 °C overnight. Afterwards, they were centrifuged at
10,000x g for 10 minutes at 4 °C, and the resulting supernatants were evaporated to dryness. To remove neutral lipids,
each sample was loaded onto a glass column (8 mm inner diameter) packed with 1.5 g of silica gel (silica gel 60, particle

size: 0.060-0.200 mm, Merck), which had been activated at 300 °C for 3 hours. Elution was carried out sequentially with
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20 mL of 2% ethyl acetate in hexane, followed by 15 mL of ethyl acetate and 15 mL of methanol. The latter two fractions

were pooled, evaporated to dryness, and stored at +4 °C until further analysis.

3.3. Antibacterial Assays

The antibacterial potential of the wild and farmed C. reniformis crude sponge extracts was assessed through growth
inhibition assays targeting two bacterial strains representing Gram-positive and Gram-negative human opportunistic
pathogens. The strains tested included the methicillin-resistant Staphylococcus aureus COL (MRSA) and the Escherichia
coli ATCC 25922 strain. The methodology employed was adapted from Pinto-Almeida et al. (2022) [56]. Specifically, S.
aureus cultures were maintained in tryptic soy broth (TSB; Becton Dickinson, Germany), while E. coli was grown in
Lysogeny broth (NZYtech), both incubated at 37 °C. The assays were conducted using 96-well polystyrene flat-bottom
microplates. Bacterial overnight cultures were diluted to an optical density (OD600nm) of 0.005 and exposed to various
concentrations of the crude extracts, which were dissolved in DMSO (1% w/v). The cultures underwent two-fold serial
dilution, yielding extract concentrations ranging from 250 to 0.4935 ug/mL. Following a 24-hour incubation at 37 °C,
the minimal inhibitory concentration (MIC) was determined through visual examination. MIC is defined as the lowest
concentration of an antimicrobial agent required to prevent visible bacterial growth after overnight incubation [57]. The
MIC values obtained were compared against a positive control (vancomycin for MRSA and tetracycline for E. coli), a
DMSO solvent control, and a negative control consisting of inoculated medium without any extract added, all within

the same experimental plate.

3.4. Anticancer Assays

Crude extracts from wild and farmed populations of C. reniformis were evaluated in vitro for their anticancer ac-
tivity against the human colorectal carcinoma cell line HCT-116 (ECACC 91091005, Porton Down, UK), following pro-
tocols described by Florindo et al. (2016) [58]‘and Prieto-Dav¢ et al. (2016) [59]. The HCT-116 cells were maintained in
McCoy’s 5A medium supplemented with'10% fetal bovine serum (FBS) and 1% antibiotic/antimycotic solution (Gibco,
Thermo Fisher Scientific, Paisley, UK), under a humidified atmosphere of 5% CO: at 37 °C. For the cell viability assays,
HCT-116 cells were seeded in 96<well plates at a density of 0.5 x 10* cells per well. Following a 24-hour incubation
period, the cells were treated with different concentrations of sponge extracts (ranging from 0.30 to 125 ug/mL), DMSO
(vehicle control), or 10 uM. 5-fluorouracil (5-Fu, positive control) for 72 hours. Cell viability was determined by MTS
metabolism using the CellTiter 96® Aqueous Non-Radioactive Cell Proliferation Assay (Promega, Fitchburg, WI, USA),
in accordance with the manufacturer’s guidelines. Absorbance was measured at 490 nm using a Glomax®-MultiDetec-
tion System (Promega). Results were presented as mean + standard error of the mean (SEM) from at least three inde-
pendent experiments. Data analysis was conducted with GraphPad Prism 8.4.2 software (La Jolla, CA, USA), and dose-
response curves were plotted to determine ICso values using the log-(inhibitor) vs. response-variable slope (four param-

eters) model.

3.5 LC-MS/MS Analysis
3.5.1. Chemicals and Reagents

Ultra-High-Performance Liquid Chromatography-Mass Spectrometry (UHPLC-MS) grade analytical solvents, in-
cluding methanol and acetonitrile, as well as LC-MS grade formic acid, were sourced from Carlo Erba® Reagents 5.A.S
(Le Vaudreuil, France). Ultrapure water was obtained from a Milli-Q® ultrapure water system, which features a Milli-
Q® Reference and a Q-POD® element.

3.5.2. LC-MS/MS equipment
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LC-MS/MS analysis was conducted using a Dionex® Ultimate 3000 System (UHPLC, Thermo Scientific, Germany)
coupled with a TSQ QuantisTM triple-stage quadrupole mass spectrometer (Thermo Scientific, Waltham, MA, USA).
The UHPLC system included four key modules: an SR-3000 Solvent Rack with an LPG-3400RS pump, a WPS-3000TRS
auto sampler with temperature control, and a TCC-3000RS column compartment. The tandem mass spectrometer uti-
lized an electrospray ionization (ESI) source. Operation and data acquisition were managed through the XCaliburTM
4.2SP1 Thermo Scientific SP1 (0388-00CD-7B33, USA) software.

3.5.3. Sample Preparation for LC-MS/MS Analysis

To prevent contamination, all plastic materials and glassware were thoroughly cleaned. Prior to use, organic sol-
vents (LC-MS grade) and distilled water were analyzed to reduce background interference and avoid contaminations.
Before injection into the LC-MS/MS system, the extracts were dissolved in 1 mL of methanol, filtered using a 13-mm,
0.22-pm nylon syringe filter (Filter-Lab®, Sant Pere de Riudebitlles, Spain) with a 500/uL syringe (Gastight 1750 Ham-
ilton®, Vernon Hills, IL, USA), and diluted tenfold with methanol. The prepared liquid extract was transferred through
a syringe filter into a conical insert within a sterile 2-mL vial (9-425 C0000752) equipped with a screw cap and red
PTFE/white silicone septa (Alwsci® Technologies, Shaoxing, China) [55].

3.5.4. Chromatographic and Mass Spectrometry Conditions

Compound separation was performed using an AccuroreTM RP-MS Column (2.6 pm, 150 x 2.1 mm, Thermo Fisher
Scientific) with a sample injection volume of 10 uL. The mobile phase consisted of water containing 0.1% formic acid
(A) and acetonitrile (B). The gradient elution was set as follows: re-equilibration at 5% B for 1 minute, 0.0-15.0 minutes
at 5-50% B, 15.0-20.0 minutes at 50-99% B, 20.0-29.0 minutes at 99% B, and 29.0-30.0 minutes at 99-5% B. A flow rate
of 0.200 mL/min was maintained throughout the process: Mass spectrometry (MS) analysis was performed using the
triple-stage quadrupole mass spectrometer with the following electrospray ionization (ESI) parameters: a spray voltage
of +3500/-3000 V, sheath gas flow of 50 L/min, auxiliary gas flow of 10 L/min, sweep gas flow of 0 L/min, ion transfer
tube temperature of 320 °C, and vaporizer temperature of 30 °C. The cycle time was established at 0.5 seconds, with a
calibrated radio frequency (RF) lens and collision-induced dissociation (CID) gas pressure of 1.5 mTorr. Collision energy
values of 10, 20, and 40 V were tested. The samples were injected in selective reaction monitoring (SRM) mode using
multiple reaction monitoring (MRM), with targeted analyte transitions detailed in Tables S1, provided in the supple-
mentary materials along with fragmentation parameter settings. A comprehensive literature review was conducted for
each studied sponge species‘to identify previously reported compounds and their respective mass ions, adducts, and
fragments. Detected metabolites were identified and classified by cross-referencing with literature sources and public
databases such as DrugBank, FoodB, GNPS, HMDB, MoNA, Metabolomics Workbench, and PubChem.

3.6. Statistical Analysis

The peak intensity data generated from the LC-MS/MS analysis were utilized to assess qualitatively the content of
each identified metabolite in the extracts. Statistical data analysis was performed with MetabolAnalyst 6.0 software [60]
to evaluate similarities and differences in the chemical composition of the extracts derived from wild and farmed
sponges populations. Performed tests included t-tests, hierarchical clustering, k-means clustering and self-organizing
map (SOM). Principal component analysis (PCA) and heatmap generation were also performed using the same soft-

ware.

4. Conclusion
This study highlights the novelty, biotechnological importance, and sustainability of cultivating Chondrosia reni-

formis sponges as components of integrated aquaculture systems. By comparing the chemical profiles and biological
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activities of wild and farmed sponge extracts, we have demonstrated that aquaculture can provide a consistent and
sustainable source of C. reniformis biomass while reducing the environmental pressure on wild populations. Our find-
ings reveal significant differences in the metabolic profiles of wild and farmed sponges, with farmed samples exhibiting
a broader diversity of fatty acids and more consistent concentrations of key metabolites. These characteristics under-
score the adaptability of C. reniformis to aquaculture conditions and its potential to produce high-value compounds in
controlled settings.

From a biotechnological perspective, C. reniformis offers substantial potential for applications in the pharmaceuti-
cal, biomedical, and cosmetic industries. While the extracts tested in this study did not exhibit antimicrobial or anti-
cancer activities, the presence of bioactive compounds such as puupehenone, jaspisamide and potential halicondramide
derivatives, even in low concentrations, underscores the species’ potential for drug discovery. Future efforts should
focus on optimizing cultivation practices to enhance the production of these valuable secondary metabolites, as well as
exploring novel extraction and isolation techniques to maximize yield.

The integration of sponge aquaculture with fish farming presents a compelling model of circular bioeconomy. By
leveraging the natural filter-feeding properties of C. reniformis, aquaculture operations can simultaneously reduce or-
ganic pollution and generate economically valuable biomass. This dual benefit exemplifies a sustainable approach to
marine resource utilization, aligning with global efforts to promote ecological balance and economic resilience.

The successful cultivation of C. reniformis not only opens new avenues for biotechnological innovation but also
reinforces the role of aquaculture as a key driver of sustainability and circular bioeconomy in the marine sector. Future
research should aim to scale up sponge farming systems, improve metabolite production, and explore further applica-

tions of this remarkable species in diverse industries.

Supplementary Materials: The following supporting information can be' downloaded at: www.mdpi.com/xxx/s1, Table S1. Selected compounds for
Chondrosia reniformis targeted SRM detection by tandem mass spectrometry, Figure S1. Minor fatty acids composition of farmed and wild C. reniformis

sponges, and Figure S2. HCT-116 antiproliferation results for wild and farmed sponges C. reniformis.
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