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Original Research Article
Microbial flora Associated with Limnodrilus hoffmeisteri Claparède, 1862, a commercially important aquatic Oligochaeta (Tubifex worm)
Abstract: Limnodrilus hoffmeisteri (Tubifex worm) a commercially important aquatic Oligochaeta worm used as live feed for ornamental fishes were collected from Kolathur ornamental fish Market, Chennai, Tamilnadu India. (13.109557 80.236386), during October 2024. DNA was extracted from ethanol-preserved specimen, followed by COI gene amplification, sequencing, and submitted to GenBank (accession no. PZ054017). Isolation of microbial flora from the worm collected from Kolathur ornamental fish Market, and the water sample of Kodungaiyur swamp were done by pure culture techniques. Identification of bacterial isolates from water sample from Kodungaiyur Swamp Chennai was done by partial gene sequencing of 16S rRNA followed by similarity search in NCBI - BLAST n algorithm. Sequences obtained show 100% similarity with Aeromonas hydrophila, Pantoea agglomerans, Acinetobacter sp. One fungal colony was isolated from the water sample from Kodungaiyur Swamp Chennai and was identified by 18S rRNA gene sequencing which showed 99% similarity with Aspergillus terreus. Sequences were deposited in the Genbank (accession numbers: PQ817788, PQ817809, PQ817848, PQ219291). The worm sample was homogenized and using pure culture techniques, three bacterial isolates were obtained, there was no apparent fungal growth. By comparing the biochemical characterization of 3 bacterial isolates it was revealed that these isolates were found to be phenotypically similar to Aeromonas hydrophila, Pantoea agglomerans, Acinetobacter sp. identified from the water sample of the Kodungaiyur swamp. From these findings it is inferred that “Tubifex worms” collected form wild habitats contains potential pathogens and need to be disinfected before feeding the aquaculture organisms in order to achieve efficient disease management in ornamental fishes.
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1. INTRODUCTION
Aquaculture production system success greatly depends on food availability, since they feed only from very small organisms that contain the needed nutrients to reach commercial size in a short time (Lim LC 2003). The sludge worm “Tubifex” is a good live food for aquatic species (Pilar Negrete Redondo et al., 2010).  ‘Tubifex worms’ denotes a mixture of worms that may comprise three genera, namely, Tubifex, Limnodrilus, and Aulodrilus, belonging to the subfamilies of family Tubificidae, under subclass Oligochaeta and class Clitellata (Annelida), and are widely used as a live feed in fish industry (Mariom et al., 2016). Limnodrilus hoffmeisteri Claparède, 1862 the worm commercially marketed as “Tubifex,” in Chennai, by aquarium owners and widely used as live feed for ornamental fishes (Naveed., 2012). The taxonomic status of this species is controversial due to great variation in morphological features. Numerous morphological forms of L. hoffmeisteri are recorded in the literature, especially from Europe and North America (Yingkui Liu, et al.,2017). A DNA barcode sequence (GenBank accession no. MF125273) of the commercially important Limnodrilus hoffmeisteri (Sanjib Chakma et.al.,2020). commonly known as ‘Tubifex worms’ in Chennai, Limnodrilus hoffmeisteri is a cosmopolitan species, able to reproduce in a sexual manner both in the moderate and in the tropical climate. This species occurs in a wide variety of surface water habitats, being perhaps the most omnipresent and commonly collected freshwater tubificid worldwide (Naveed, 2012). ‘Tubifex’ is a carrier of bacteria such as Salmonella, Shigella and Escherichia coli (Monroy DC et al., 2007).  ‘Tubifex’ would be an excellent alternative for feeding fish if it did not count with a bacterial flora constituted by high risk pathogens (Monroy DC et al., 2007). Earlier works like Nahar et al., (2016), Rashid et al. (2008, 2013), Sabur (2006), Dutkiewicz et al., (2016), Percival et al., (2014), Dijkshoorn et al. (2007), Adewoyin and Okoh (2018); Berlau et al., (1999), Chin et al., (2018); Guardabassi et al., (1999), Hrenovic et al., (2014) Kittinger et al.,(2018), Dekic et al. (2018), Bardbari et al.(2017). Rado et al., (2019), Narciso et al., (2019), Milligan et al., (2023), Srinivasan.et al., (2022), Muhammad I et.al. (2004), Kradin et al., (2017), Kshirsaga (2013), Villalba (2021) had attempted to isolate and identify Bacterial species associated with the aquatic Oligochaeta like Limnodrilus hoffmeisteri and various aquaculture organisms. The present work is an attempt to investigate the key link between the Pathogens and the commercial live feed by isolating and identifying the Microbial flora from water samples of Kodungaiyur Swamp (13°08ʹ48ʺN, 80°15ʹ51ʺE), which occupies an area of about 3.5 km2 and receives water from the municipal sewage treatment plant and is one of the main location exploited by aquarium owners and traders for aquatic Oligochaeta and Limnodrilus hoffmeisteri Claparède, 1862 the commercial live feed for ornamental fishes in Chennai (Naveed, 2012).
2. Materials and methods
2.1. Sample Collection: ‘Tubifex worms’ and Water samples were collected from the Kodungaiyur Swamp Chennai. Water samples along with sediment were taken in sterile glass bottles and then transported with ice bags to the laboratory, following the procedure of (Zaky et al., 2011), water samples were tested for various Physio-Chemical parameters.
2.2. Examination of Specimen: ‘Tubifex worms’ were examined alive under a compound microscope in a drop of water and preserved in 10% formalin. Fixed specimen were examined as whole mounts on slides in a few drops of glycerin. The monographs by Brinkhurst and Jamieson (1971), Timm (1999), and Naidu (2005) were used for the identification of the worms.
2.3. Identification of Specimen: Following (Prasannakumar et al., 2020), DNA isolation from 90% ethanol preserved specimens were done. the tissues were digested in a Proteinase K lysis buffer and salted out using a high molar sodium chloride solution. the DNA was then precipitated and rinsed with 70% ethanol. DNA pellets were air-dried at room temperature and dissolved for storage at −20 ◦C in 1 mM Tris buffer until further analysis. The standard barcoding gene COI was amplified following the methods of (Sanjib Chakma et al.,2020) with the universal primers COI-Forward 5’GGTCAACAAATCATAAAGATATTGG 3’(25bp) and COI-Reverse 5’ TAAACTTCAGGGTG ACCAAAAAATCA 3’(26bp) (Folmer et al., 1994). Purification of PCR product using Bionteq Gel Elution Kit (Catalogue No. 2025), Sequencing was performed with internal primers designed from the conserved regions of invertebrate’s COI gene sequences ABI high throughput sequencer was used to generate data. Sequences were read in Chromas Pro. and aligned using Clustal X ver. 2.0 the aligned sequences compared with DNA barcodes submitted in NCBI database using the GenBank BLASTn algorithm.
2.4. Isolation of Microbial flora and Purification: Water sample collected from the site was diluted with distilled water to perform serial dilution and pour plate technique (Zaky et al., 2011), using tryptic soy agar (TSA, Himedia). Bacterial isolation from the worms were done after several washings in sterile saline (0.9% Nacl) solution modified to (Stephen Whitley et al., 1976), and homogenized using mortar and pestle with PBS (phosphate buffer saline) to prepare a 10% tissue suspension (Md. Bakhtiar et al., 2015), and this homogenized tissue sample was used as a stock for performing serial dilution, followed by Spread plate technique with sterile tryptic soy agar. The resultant bacterial growth was streaked on fresh sterile Soybean Casein Digest Agar and several sub-culturing were done to get pure colonies following the procedure of (Ayofe et al., 2015). The pure culture was stored in the refrigerator at 4oC to preserve the pure cultures until required for identification. Fungal isolation was done from both water sample and homogenized tissue sample by serial dilution followed by inoculation of diluent by Spread plate technique, using sterile Sabouraud dextrose agar (Himedia) as a medium, having neomycin (125mg/ml) to minimize the growth of bacteria, incubation of the plates for 6-8 days at 27oC was done. The pure colonies were maintained in Sabouraud dextrose agar plates following the procedure of (Usha nandhini and Masilamani selvam, 2013). 
2.5. Characterization Based on Colonial Characteristics, Morphological and Biochemical Tests: The macroscopic examination of the surface colonies on tryptic soy agar and Sabouraud dextrose agar was used to determine their size, shape, elevation, edge, texture, color and pigmentation, translucent or opaque and effect on culture medium following the procedure of (Ayofe et al., 2015). Morphological Characteristics such as shape, size, Gram Staining and Motility were observed (Serik Bakiyev et al., 2022). Biochemical tests: Tests for the production of Enzymes like catalase, Oxidase, Urease, Arginine Dihydrolase, Lysine decarboxylase, Ornithine decarboxylase, Nitrate reductase, gelatinase were done. IMViC tests, Triple Sugar Iron (TSI) tests were done.  Oxidative-fermentative (O-F) acid and gas production from carbohydrates like Maltose, Fructose, Cellobiose, Trehalose, Salicin, Arabinose, and Mannose, were carried out following the procedure of (Konemman et al, 2001). Fungal colony morphology was observed after the incubation period and results like colour, texture and diameter of the colonies were recorded. Identification based on Microscopic observation was done by Lactophenol cotton blue staining technique and KOH wet mount (Usha nandhini and Masilamani selvam, 2013).
Screening of β hemolysin: The β hemolysin production was screened by using blood agar medium containing 5% (v/v) defibrinated sheep blood and the hemolytic activity was observed after 24 hr at 37ºC following the procedure of (Santos, González, Otero, & GarcíaLópez, 1999).
Screening for Aeromonas: The presumptive identification of the Aeromonas hydrophila was carried out from the colony morphology over Aeromonas selective Medium Base (Hi Media) following the procedure of (Kerigano et al., 2023).             
2.6. Extraction of Total Genomic DNA: DNA extraction by thermolysis after culturing of bacterial strains on brain heart infusion broth and incubated at 37°C for 12 hours in shaker incubator following the procedure of (Ahmed Mansour et al., 2019).
2.7. Amplification of bacterial 16S rRNA genes: According to the directions by the manufacturer in the provided manual (Qiagen GmbH, Germany) the reactions were carried out using the Primers. 533F [5'-GTGCCAGCAGCCGCGGTAA-3'] and 1100R [5'-GGTC CGTGTTTCAAGACGG -3'] - 0.12nmol each, and bacterial lysate - 1 µl.  The reaction was carried out in an Eppendorf 5341 thermocycler (Germany) following the procedure of (B. A. Byzov et al., 2009). The quality of the PCR products were assessed using 2% agarose gel along with 100 bp DNA marker as size standard following the procedure of (Ahmed Mansour et al., 2019).
2.8. Amplification of fungal 18S rRNA genes: According to the directions by the manufacturer in the provided manual (Qiagen GmbH, Germany) the reactions were carried out using the Primers. For fungus Universal 18S rRNA F[5'-CAGCAGCCGCGGTAATTCC-3']and 18SrRNA R [5'- CCCGTGTTGAGTCAAATTAAGC-3'] - 0.12nmol each and fungal lysate - 2 µl. Amplification conditions for fungus were as follows: initial denaturation - 94°C for 5 min. 30 cycles of (Denaturation - 94°C for 50sec, Annealing - 58°C for 50sec, Amplification - 72°C 50 sec), Extension - 72°C for 10 min. The reaction was carried out in an Eppendorf 5341 thermocycler (Germany). The quality of the PCR products were assessed using 2% agarose gel along with 100 base pair DNA marker as size standard.
2.9. Amplicon sequencing: Prior to sequencing, the PCR products were purified using the MinElute 96 UF PCR purification kit (Qiagen, Germany). Cycle sequencing was carried out with 1100R primer in an Eppendorf 5341 thermocycler (Germany), using BigDyeTMTerminator v.3.1Cycle Sequencing Kit (Applied Biosystems, United States). Then the products were purified using Ethanol-EDTA purification protocol. After purification the samples were subjected for sequencing both in forward and reverse directions using Genetic Analyzer 3500.following the procedure of (Byzov et al., 2009).
2.10. Phylogenetic analysis of 16S rRNA and 18S rRNA genes: The ribosomal RNA gene sequences obtained from the samples were aligned and edited using MEGA software version 11. Similarity search was carried out using the aligned sequence against the sequences submitted in NCBI using the GenBank BLASTn algorithm. Isolates were analyzed for exhibiting 99% and 100% similarity. following the methods of (Byzov, 2008).
3. Results
3.1. Worms Identification: The worms were identified as Limnodrilus hoffmeisteri based on the following observations: Dorsal and ventral chaetae are similar, bifid with equal teeth, 6-7 per bundle anteriorly, 3-5 in middle, and 1-2 in hind segments. Chitinous penial sheaths in XI segment, A DNA barcode sequence, 615 bp long was obtained and submitted to GenBank with accession no. PZ054017. 
3.2. Bacterial Colony Morphology: Colonies achieved by the repeated streaking were as follows: Colony of Aeromonas hydrophila was characteristic green colored over Aeromonas selective Medium Base. (Fig.4) Bacterial colonies on sterile SCDA were as follows:  White, creamy, opaque, circular and convex, 1.5-2.5 mm in diameter, for Aeromonas hydrophila. Yellow smooth, translucent, slightly raised, 1.6-2.3 mm in diameter for Pantoea agglomerans. Grayish-white, circular, mucoid, and 1 to 2 mm in diameter for Acinetobacter sp.
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Fig. 1 Bacterial isolates from the water sample of Kodungaiyur Swamp
                       a. Aeromonas hydrophila   b. Pantoea agglomerans   c. Acinetobacter sp.
3.3. Microscopic observations: Bacterial isolates were Aeromonas hydrophila - Gram negative, rod shaped, Pantoea agglomerans - Gram negative, rod shaped, Acinetobacter sp - Gram negative, short plump rods. (Fig. 2).
Fig.  2 Gram’s Staining Results
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a. Aeromonas hydrophila (G-ve). b. Pantoea agglomerans (G-ve). c. Acinetobacter sp (G-ve)
Fig.  3 Hemolysis Reaction
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       a. Aeromonas hydrophila (α). b. Pantoea agglomerans (β).  c. Acinetobacter sp (γ)
Hemolysis reaction was observed as a. Aeromonas hydrophila (α hemolysis).  b. Pantoea agglomerans (β hemolysis). c. Acinetobacter sp (γ hemolysis)
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                                                   Fig. 4 Biochemical tests         
             a. Oxidase Test                 b. Aeromonas hydrophila on      c. Catalase Test

                                                                      Selective Agar

Catalase and Oxidase test was positive for (Fig. 4a, 4c) Aeromonas hydrophila, Catalase was positive and Oxidase was negative for Pantoea agglomerans   Acinetobacter sp, only
 Aeromonas hydrophila was shown a Characteristic growth on (Fig. 4b) Aeromonas selective agar.
3.4. Biochemical Characterization of the isolates as follows:
Table 1: Biochemical Characterization

	Sl.No
	Biochemical  Tests
	Aeromonas hydrophila
	Pantoea agglomerans
	Acinetobacter sp

	1
	Urease Test
	+
	-
	-

	2
	Indole Test
	-
	-
	-

	3
	Methyl red (MR) Test
	+
	+
	+

	4
	Voges Proskauer Test

(VP)
	-
	-
	-

	5
	Nitrate reduction Test
	-
	-
	-

	6
	Citrate utilization Test
	+
	+
	-

	7
	    Triple Sugar Iron Test
	+


	-


	-

	8
	Arginine Dihydrolase Broth
	-
	+
	+

	9
	Lysine Decarboxylase Broth
	+
	-
	+

	10
	Ornithine Decarboxylase Broth
	-
	-
	-

	11
	Maltose fermentation
	-
	-
	-

	12
	Fructose  fermentation
	-
	+
	-

	13
	Cellobiose fermentation
	+
	-
	-

	14
	Trehalose fermentation  
	-
	+
	-

	15
	Salicin  fermentation   
	+
	-
	+

	16
	Arabinose  fermentation   
	+
	+
	-

	17
	Mannose  fermentation
	-
	+
	-


F
3.5. Fungal Colony Morphology: Fungal Colonies from the water sample were grown and reached 4.0 - 5.0 cm diameter in 9 days at 25°C, (Fig.5a) cinnamon brown surface, buff colonies with a yellow to deep dirty brown reverse were observed. There was no fungal growth from the homogenized tissue sample of worms.
3.6. Fungal Identification: Septate hyphae bearing solitary conidia, Conidiophores are smooth 5.0-6.0 μm in diameter, with compact, columnar conidial heads, Vesicle - Globose to sub globose shape and 15.0-20.0 μm in size, Biseriate phialides form on the upper half of vesicles and bear chains of round conidia. (Fig.5 b, c).
Fig. 5 Fungus Identification
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                          a. Aspergillus terreus       b. KOH Mount                                  c. LPCB Mount

                      on SDA       
            3.7. Ribosomal RNA Sequencing and Similarity Search: The 16s rRNA sequencing was done and results obtained showed 100% similarity with Aeromonas hydrophila. Pantoea agglomerans, Acinetobacter sp. from water sample. the isolates obtained from homogenized tissue sample from the Tubifex worm Limnodrilus hoffmeisteri. Was phenotypically similar with identified organisms. The 18S rRNA sequencing was done and results obtained showed99% similarity with Aspergillus terreus in NCBI using the BLASTn algorithm and these gene sequences was submitted in Genbank and accession numbers were assigned (Table-2)

Table.2: Sequences was deposited in the Genbank database of NCBI

	Sl.No.
	Description about Sample
	Organism
	GenBank Accession No.

	1.
	Collected from Kolathur 
	Limnodrilus hoffmeisteri
	PZ054017

	2.
	Isolated from Kodungaiyur Swamp
	Aeromonas hydrophila
	PQ817788

	3.
	Isolated from Kodungaiyur Swamp
	Pantoea agglomerans
	PQ817809

	4.
	Isolated from Kodungaiyur Swamp
	Acinetobacter sp
	        PQ817848

	5.
	Isolated from Kodungaiyur Swamp
	Aspergillus terreus
	PQ219291


Discussions 

Limnodrilus hoffmeisteri (Tubifex worm) a commercially important live feed is well known to survive and thrive in the polluted habitats like Kodungaiyur swamp with low oxygen and high concentration of Ammonia, Nitrate, Nitrite, percentage of organic Carbon and Organic Matter (Naveed 2012). Pathogenic Bacteria like Aeromonas hydrophila. Pantoea agglomerans, Acinetobacter sp isolated from the water sample of Kodungaiyur swamp and presence of these bacteria along with Limnodrilus hoffmeisteri (Tubifex worm) suggests the ability of these aquatic worms to withstand high polluted conditions with high microbial load. Biochemical characterization of these three bacteria showed positive results to Catalase and Oxidase tests which are the attributes of pathogenic organisms, and hemolytic activity also remain to be the main pathogenic trait which is expressed as ɑ, β, γ by bacterial isolates belong to Genus Aeromonas, Pantoea, and Acinetobacter sp respectively. As described by (Patrick et al.1975) the identified organisms from the swamp were known to be decomposers, dwellers of polluted waters and pathogens for aquatic animals and plants. In line with the findings of (Ayodhya Dattatray Kshirsaga, 2013) the only fungus was found to be Aspergillus terreus. As discussed by (Lim LC 2003, Espinosa Mj, Labarta U et al., 1987, and Pérez GRM 2005) live feed for the Aquaculture system is very efficient when compared with the Non-living feeds. Hence in ornamental fish markets in kolathur, Chennai, Tamilnadu, India, there is a demand for the live feed supply. As mentioned by (Naveed, 2012 Pérez GRM 2005, and Pilar Negrete Redondo et al., 2010) Limnodrilus hoffmeisteri Claparède, 1862 is the commercial live feed available for aquaculture. As highlighted by (Coler, Gunner and Zuckerman. 1967, Wavre & Brinkhurst 1971, and Christa H. Ratsak et al., 2006) it is apparent that Limnodrilus hoffmeisteri preferably feeds on Gram Negative bacteria, 
Conclusion
In conclusion from the results obtained by isolation and identification of microbial flora these worms play a key role in transmission of pathogens from the polluted habitat, to aquaculture organisms by serving as a live feed. Culturing these worms in a pathogen free environment, following stringent quality control measurements and using the antibiotics with higher efficacy, before feeding may provide a healthy diet to aquaculture organisms and reduce disease occurrences.
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