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Avrticle type: Probiotics are live microorganisms that promote the health of their host by producing
Research Article bioactive metabolites in the digestive tract, where they combat harmful microorganisms.
This study aimed to isolate, screen, and identify native probiotics from Clark's clownfish
(Amphiprion clarkii). After assessing the morphological characteristics of the isolates,
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) A total of 29 bacterial isolates were obtained from the digestive tract of A. clarkii, with
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Probiotic, aggregation potential, and co-aggregation. Phylogenetic analysis of the 16S rRNA gene
Ornamental fish, sequences revealed that isolates CS29 and CS18 had the highest similarity to Vibrio
Digestive tract, kanaloae (98.19%) and Vibrio sp. (97.16%), respectively. The results indicate that
In vitro, Vibrio kanaloae CS18 and Vibrio sp. CS29 possess broad antimicrobial activity and the
Vibrio sp. ability to colonize the intestinal tract, suggesting their potential as probiotics for further

in vitro study.
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EXTENDED ABSTRACT
Introduction

Anemone fishes, particularly Clark’s clownfish, are among the most popular species in the
international marine aquarium fish trade, and their production has steadily increased worldwide
over time (Militz et al., 2017). However, aquaculture is currently facing significant production
losses in both hatcheries and grow-out systems due to disease outbreaks. Traditionally,
antibiotics have been used to treat infectious diseases; however, the improper use of antibiotics
can lead to several issues, including the development of pathogen resistance and the disruption
of beneficial microorganisms in the intestines of aquatic animals (Mesalhy Aly et al., 2008). As
a result, there is a growing need to develop alternative strategies to control infectious diseases
and improve aquaculture productivity. In this context, probiotics have emerged as a promising
alternative, demonstrating effectiveness against a wide range of infectious agents, including
bacteria, fungi, parasitic, and viral pathogens. Moreover, probiotics are well known to enhance
fish welfare by reducing stress, promoting growth, and improving overall survivorship
(Klaenhammer, 2000; Hossain et al., 2022). To date, no studies have focused on the isolation
and identification of indigenous probiotics from Clark's clownfish in Iran. Therefore, this study
aims to identify probiotic potential isolates from the digestive tract of this species. The findings
of this research could be applied to clownfish hatcheries and rearing centers following in vivo
testing.

Materials and Methods

In this study, bacteria symbiotic with the digestive tract of A. clarkii were isolated using Marine
Agar and MRS Agar culture media. After evaluating their antimicrobial properties, the isolates
were subjected to biosafety tests. The probiotic properties of the biosafe isolates were then
assessed. After isolation and purification, the antimicrobial activity of the isolates was tested
against seven aquatic pathogenic bacteria using the well-diffusion method (Nandi et al., 2017).
Isolates that exhibited antimicrobial activity against all pathogens were further evaluated for
biological safety, including tests for hemolytic activity, lipase and gelatinase enzyme
production, and antibiotic sensitivity. The gamma-hemolytic isolates, which showed no lipase
or gelatinase activity and exhibited low antibiotic resistance, were selected for probiotic
evaluation. Probiotic characteristics of the selected isolates were assessed through tests for pH
tolerance, bile salt tolerance, resistance to simulated gastric juice, cell surface hydrophobicity,
auto-aggregation, co-aggregation, and the production of extracellular enzymes such as
proteolytic, amylolytic, and cellulolytic enzymes. Finally, the selected isolates were identified
through 16S rRNA gene sequencing.

Results

A total of 29 isolates were obtained from the gastrointestinal tract of healthy A. clarkii. Seven
isolates exhibited antagonistic activity against all tested bacterial pathogens (Table 1 and 2).
Further biosafety tests were conducted on these isolates. Among the isolates tested on blood
agar plates, only CS18, CS25, and CS29 did not show hemolytic activity around their colonies.
Gelatin liquefaction and lipase production were not detected in four isolates (CS7, CS8, CS18,
and CS29). In the antibiotic sensitivity assay, isolates CS18 and CS29 were resistant to
methicillin and ampicillin but were highly sensitive to all other antibiotics tested. Based on
these findings, isolates CS18 and CS29 were confirmed to be biosafe (Table 3), and their
probiotic properties were further assessed. Both isolates survived at all tested pH levels (1-3),
with isolate CS29 showing a higher survival percentage compared to CS18. Isolate CS29 also
demonstrated better tolerance to 0.3% and 1% sodium cholate after 180 minutes of incubation
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compared to CS18. Additionally, CS29 exhibited superior gastric juice tolerance relative to
CS18. Both isolates showed high hydrophobicity towards xylene. Furthermore, both isolates
displayed strong aggregation potential in the auto-aggregation test, with CS18 showing a higher
aggregation potential at 2 hours of incubation compared to CS29. The highest co-aggregation
percentage was observed in both isolates with P. aeruginosa. Both isolates were positive for
protease, amylase, and cellulase production, as evidenced by clear zones around the colonies in
skim milk agar, starch agar, and carboxymethyl cellulose, respectively (Table 4). 16S rRNA
gene sequencing revealed that the CS18 isolate had the highest similarity (98.19%) to Vibrio
kanaloae strain HHN-45 (KT023527.1), and the CS29 isolate was most similar (97.16%) to
Vibrio sp. strain VN (MH671113.1). The 16S rRNA gene sequences of isolates CS18 and CS29
have been registered in NCBI under accession numbers OP268161.1 and OP268160.1,
respectively (Figure 1).

Conclusion

The two Vibrio strains, V. kanaloae CS18 and Vibrio sp. CS29, exhibited promising probiotic
properties, including a broad spectrum of antimicrobial activity, biosafety, the ability to survive
transit through the gastrointestinal tract, and the capacity to produce essential digestive
enzymes. Based on these in vitro assessments, both strains show potential as probiotic
candidates. However, in vivo testing is required to confirm their suitability as native probiotics
for use in the hatcheries and rearing centers of this ornamental fish.
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