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Abstract: The present study intended to examine the cultivable bacterial microbiota of Merlangius merlangus, an ecologically valuable 

fish species from the Black Sea. Serial dilution and pre-enrichment steps were undertaken before isolation. Ten different isolates were 

isolated from muscle, gill, and intestinal tissues of fresh specimens. Molecular identification by 16S rRNA gene sequence showed all 

isolates to be members of Enterobacteriaceae, comprised of the genera Morganella, Providencia, Proteus, Klebsiella, and Escherichia. As 

one of the isolates (S09) was found to exhibit the highest similarity with a validly published species within the genus Morganella, with 

a relatively low value of 99.11%, it could be a new taxon. Extracellular enzyme tests showed variable presence of lipase and urease 

activities among isolates but no detectable amylase, caseinase, lecithinase, or DNase activities. Antimicrobial susceptibility testing was 

consistent with high rates of multidrug resistance, with eight isolates being resistant to three or more antibiotic groups. Resistance was 

greatest against amoxicillin/clavulanic acid, tetracycline, and sulfamethoxazole/trimethoprim, with all isolates showing susceptibility 

to imipenem. The observations point to the occurrence of metabolically active, environmentally adapted, and resilient bacterial forms 

in M. merlangus, with food safety implications and concern for antimicrobial resistance dissemination in aquatic ecosystems. Further, 

the uniqueness of the phylogenetic status of isolate S09 suggests an additional polyphasic taxonomic study. Future research involving 

metagenomes will be required to characterize host-associated bacterioplankton communities comprehensively, including their 

ecological functions. 
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1. Introduction 
Merlangius merlangus (also referred to as whiting) is a 

demersal fish species (Asciutto et al., 2024) that is found 

widely in the northeastern Atlantic Ocean, as well as the 

Black and Mediterranean Seas (Muus and Nielsen, 1999; 

Yildiz et al., 2021; Calì et al., 2023; Froese and Pauly, 

2024). It is ecologically significant due to its role as a 

mid-level predator in marine food webs (Nissar et al., 

2023) and has significant economic value due to local 

commercial fishing (FAO, 2020; ICES, 2024). Since it is a 

species that is often consumed at many coasts, 

knowledge of microbes present on/in M. merlangus is 

relevant not just for fish health management but also for 

food safety issues and human health (Köker et al., 2021; 

Brauge et al., 2024). 

Marine fish carry diverse microbial communities on their 

gills, skin, and in their gastrointestinal tracts (Chiarello et 

al., 2015; Pratte et al., 2018; Huang et al., 2020). These 

microorganisms perform vital functions in host 

metabolism, immune modulation, and inhibition of 

pathogen growth (Banerjee and Ray, 2017; de Bruijn et 

al., 2018). Fish can also be reservoirs or vectors for 

harmful or antibiotic-resistant bacteria (Cabello 2006; 

Hatosy and Martiny, 2015; Hossain et al., 2022) as well. 

Examining the fish microbiota from species like M. 

merlangus serves to advance knowledge of host-microbe 

interactions, marine disease ecology, and microbial 

transmission in food chains (Romero et al., 2014; Pękala-

Safińska, 2018; Egerton et al., 2018). 

Isolation of bacteria from fish species is an essential 

process in determining the microbial ecology of aquatic 

environments and assessing possible threats to fish 

health and human health (Sheng and Wang, 2021). 

Although traditional microbiological procedures are 

useful in providing early information on colony shape 

and general biochemical properties, these tend to fail to 

produce accurate species-level identification due to 

taxonomic overlap between taxa (Jackman, 2012). 

Molecular approaches, especially 16S rRNA gene 
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sequencing, represent a consistent and high-resolution 

option for determining bacterial taxonomy (Ntushelo, 

2013). It enables accurate identification of both 

cultivable and non-cultivable bacteria, revealing an 

extended range of microbial diversity that could go 

unnoticed by traditional approaches (Justé et al., 2008). 

Marine bacteria have been reported to possess the ability 

to produce diverse extracellular enzymes such as 

proteases, lipases, amylases, and cellulases (Hoppe et al., 

2002; Birolli et al., 2019; Cheng et al., 2020). Besides 

playing a key role in the cycling of nutrients in marine 

environments, these enzymes also find immense 

industrial applications in biotechnology, 

pharmaceuticals, and food industries (Zhang and Kim, 

2010; Trincone, 2017). After characterization of the 

enzymatic activity of isolates, it can identify promising 

strains for use on a commercial scale as well as 

understand their functional properties in fish 

microbiomes (Ray et al., 2012; Dhayalan et al., 2022). 

The growth of antibiotic-resistant bacteria in aquatic 

ecosystems is an emerging concern worldwide, especially 

because of antibiotic overuse in aquatic farming and 

environmental pollution by human-related activities 

(Cabello, 2006; Hatosy and Martiny, 2015). Fish carry 

antibiotic-resistant bacteria that can be transferred to 

human beings by direct contact or ingestion (Gauthier, 

2015). Antibiotic susceptibility patterns of fish-

associated bacteria need to be monitored to identify the 

dissemination of resistance elements and design effective 

antimicrobial interventions in aquatic farming and 

fisheries management (Preena et al., 2020; Pepi and 

Focardi, 2021). 

Despite the ecological and economic significance of M. 

merlangus, there are no systematic studies on their 

associated bacteria's molecular identity, enzymatic 

properties, and antibiotic resistance. Filling this 

knowledge void, in this study, we isolated bacteria from 

M. merlangus, carried out 16S rRNA gene identification, 

analyzed their extracellular enzymatic activities, and 

their resistance to antibiotics. This study offers 

important information on the microbiological status of M. 

merlangus and contributes to discussions on marine 

microbial ecology and public health. 

 

2. Materials and Methods 
2.1. Fish Sampling and Preparation 

A total of ten M. merlangus (whiting) specimens during 

the commercial open season were obtained in 2024-

February from local fishermen along the southern coast 

of the Black Sea, in the Samsun province of Türkiye. 

Immediately after capture, the fish were placed in sterile 

polyethylene bags, stored on ice (~4 °C), and transported 

to the laboratory within 3 hours of collection to minimize 

postmortem microbial shifts (Egerton et al., 2018). In the 

laboratory, each specimen was individually processed 

under aseptic conditions within a Class II biosafety 

cabinet to prevent external contamination. Fish were 

rinsed thoroughly with sterile seawater to remove 

external debris and transient microorganisms. Dissection 

was carried out using flame-sterilized instruments, and 

the gill arches, muscle tissues, and entire gastrointestinal 

tract were carefully excised. To standardize the bacterial 

isolation procedure and reduce individual variation, 

tissues from ten M. merlangus specimens were pooled by 

type, resulting in three composite samples: one each for 

gills, intestine, and muscle. Each composite tissue type 

was transferred into separate sterile containers 

containing 225 mL of alkaline peptone water (APW) 

supplemented with 1% NaCl to favor the enrichment of 

marine and halotolerant bacteria (Wanja et al., 2019). 

The APW medium was prepared by dissolving 6.75 g 

peptone, 6.75 g NaCl, and 1.0125 g potassium dihydrogen 

phosphate (KH2PO4) in 675 mL of distilled water. Tissue-

enriched flasks were incubated at 37 °C for 24 hours to 

promote the proliferation of viable but potentially low-

abundance bacterial populations prior to isolation. 

2.2. Bacterial Isolation and Pure Culture Preparation 

After enrichment, each of these tissue homogenates was 

diluted with sterile Ringer's solution to a dilution series 

up to 10-6 to decrease microbial content and allow for 

colony separation. 100 µL aliquots from each tissue 

homogenate (intestine, gills, muscle) from each dilution 

were aseptically streaked onto thiosulphate citrate bile 

salt sucrose (TCBS) agar (HiMedia Laboratories, India), 

and Nutrient agar (Merck, Germany) media with sterile 

glass spreaders, and then the dishes were left to incubate 

in an inverted direction at 37 °C for 24-48 hours for 

colony growth. TCBS agar was used in the current study 

to encourage selective isolation of halotolerant and 

potentially marine-derived bacteria. Whereas the use of 

TCBS is traditionally recommended to isolate Vibrio 

species, its composition of high salt and bile salts also 

favors the growth of some Gram-negative enterics that 

can survive in marine- and brackish-water environments 

(Alikunhi et al., 2017). While M. merlangus is a cold-

seawater fish species, the use of an incubation 

temperature of 37°C was specifically intended to 

promote the growth of mesophilic bacteria of clinical and 

food safety interest. This method is routinely used in 

studies of human-associated and pathogenic bacteria in 

seafood since the mesophilic strains will be favored to 

grow in such conditions and may be harmful upon 

ingestion and handling (Santos et al., 2021; Kyule et al., 

2022). Post-incubation, corresponding to each dilution 

step, bacterial colonies were analyzed for 

morphologically diverse colonies by differences in size, 

color, elevation, margin, and surface features. Bacterial 

colonies that were morphologically diverse were isolated 

to acquire a representative count of the culturable 

microbiota (Cantas et al., 2012). Ten such 

morphologically different colonies were selected in 

succession with subculture onto Nutrient agar plates for 

pure culture. Subculture plates were incubated at 37 °C 

for 24-48 hours. Long-term preservation of each of these 

pure cultures was carried out in a sterile 25% glycerol 

solution and stored in cryovials at -20 °C and -80 °C. 
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These isolates were maintained on Nutrient agar in 

addition to follow-up enzymatic as well as molecular 

work. 

2.3. Genomic DNA Isolation and 16S rRNA Gene-

Based Molecular Identification 

Genomic DNA was isolated from fresh pure cultures of 

bacteria with PureLink Genomic DNA Mini Kit 

(Invitrogen, USA), according to the manufacturer’s 

procedure with some optimizations. DNA concentration 

and purity were initially determined by a NanoDrop 

spectrophotometer (Thermo Scientific), and DNA 

integrity was checked by electrophoresis on a 1% 

agarose gel stained with ethidium bromide under UV 

illumination. Amplification of the 16S rRNA gene from 

bacteria was carried out with primer pair 27F (5′-

AGAGTTTGATCMTGGCTCAG-3′) and 1525R (5′-

AAGGAGGTGATCCAGCC-3′), which produces an amplicon 

of ∼1500 bp. Amplification confirmation and fragment 

length were checked on a 1.5% agarose gel with a DNA 

ladder (100 bp with marker). Amplification products 

were cleaned up and sequenced with an ABI PRISM 3730 

XL automated sequencer with universal primers 518F 

(5′-CCAGCAGCCGCGGTAATACG-3′) and 800R (5′-

TACCAGGGTATCTAATCC-3′). Chromatogram files in ABI 

format were checked by Chromas version 1.45, and 

primers overlapped to get 16S rRNA gene nucleotide 

sequences in FASTA format for each isolate. 16S rRNA 

gene sequences resulting from each isolate were 

deposited in GenBank under accession PV407295 to 

PV407304. 16S rRNA gene sequences were uploaded to 

the EzBioCloud server (Yoon et al., 2017) and pairwise 

sequence similarity of closest phylogenetic neighbours 

was computed. Phylogenetic trees were reconstructed 

with MEGA X (Kumar et al., 2018) with the neighbour-

joining method (Saitou and Nei, 1987). Topologies of 

resulting trees were checked by bootstrap resampling of 

1000 replicates after Felsenstein (1985). 

2.4. Enzymatic Activity Assays 

The production of extracellular hydrolytic enzymes by 

the isolates was tested using substrate-supplemented 

agar media according to standard microbiological 

procedures. Six enzymes, namely lipase, amylase, 

caseinase, lecithinase, DNase, and urease, were screened 

with previously established methods. Basal medium 

comprised glucose (0.5 g/L), yeast extract (0.5 g/L), 

MgSO4.7H2O (0.5 g/L), NaCl (0.5 g/L), K2HPO4 (1 g/L), 

and agar (15 g/L), with a final pH adjusted to 7.0-7.5 

before autoclaving. Lipase production was tested on the 

basal medium containing tributyrin (Farooq et al., 2022), 

and amylase production was tested with starch-supplied 

agar plates by using an iodine staining method according 

to Albejo and Hamza (2017). Caseinase activity was 

determined using the protocol outlined by Stratev et al. 

(2015). Lecithinase activity was evaluated as described 

by Bunpa et al. (2016). DNase production was tested with 

commercial DNase test agar plates (Merck, Germany). 

Urease activity was tested with Christensen's urea agar 

(Cui et al., 2022). All media were prepared aseptically 

and inoculated with isolates by loop or spot seeding 

methods. Incubation was carried out at 37 °C for 24-48 h. 

Enzyme production was measured based on visual 

factors such as hydrolysis zones or changes in color. 

2.5. Antibiotic Susceptibility Testing 

The antimicrobial sensitivity of the bacterial isolates was 

tested according to the standard Kirby-Bauer disc 

diffusion method (Hudzicki, 2009). Overnight cultures on 

Nutrient agar were suspended in sterile saline to 0.5 

McFarland turbidity standards. Each inoculum was 

distributed equally over plates of Mueller-Hinton Agar. 

Antibiotic discs impregnated with antibiotics were 

applied to inoculated plates. Amikacin (AK, 30 µg), 

gentamicin (CN, 10 µg), streptomycin (S, 10 µg), 

amoxicillin/clavulanic acid (AMC, 30 µg), ciprofloxacin 

(CIP, 5 µg), tetracycline (TE, 30 µg), 

sulfamethoxazole/trimethoprim (SXT, 25 µg), imipenem 

(IPM, 10 µg), linezolid (LZD, 30 µg), and amphotericin B 

(AMB, 20 µg) were tested. Antibiotics were selected 

based on their medical relevance and their reported use 

in human medicine and aquatic environments. 

Aerobically at 37 °C for 18-24 hours, plates were 

incubated. Zone diameters of inhibition around each disc 

were measured in millimeters, and susceptibility 

interpretations were determined according to CLSI's 

breakpoints (CLSI, 2023), with zone diameter 

breakpoints categorized as Susceptible (S), Intermediate 

(I), or Resistant (R). 

 

3. Results 
3.1. Isolation and Cultivation of Bacterial Strains 

It was isolated a total of ten morphologically different 

bacterial isolates from the internal organs of specimens 

of M. merlangus (Figure 1). They were from three types of 

tissues: intestine (B01, B02, B03, B04), muscle (K06, 

K07), and gills (S08, S09, S11, S13). Of these, nine (except 

B03) were isolated on TCBS agar. All isolates had slightly 

different colony morphologies based on differences in 

pigmentation, edge, surface texture, and elevation. 
 

 
 

Figure 1. Representative images showing the isolation 

and pure culture of bacterial strains. (a, b) Growth on 

TCBS agar at different serial dilution levels, and (c, d, e) 

pure colonies of isolates B04, S09, and S13 on nutrient 

agar.  
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3.2. Molecular Identification via 16S rRNA Gene 

Sequencing 

High-quality genomic DNA was successfully isolated from 

all of the isolates, and 16S rRNA gene amplification with 

universal primers produced ~1500 bp products from 

each one. Sanger sequencing with 518F and 800R 

internal primers produced clean, high-quality 

chromatograms amenable to downstream work. 

Sequence identity was established using the EzBioCloud 

database, with taxonomic identification based on ≥99% 

similarity with type strains. Sequences from all isolates 

demonstrated the highest sequence similarity with 

known members of the Enterobacteriaceae. Morganella 

morganii was most commonly encountered, present in 

isolates B01, K07, S08, and S09, each with ≥99.11% 

identity. Sequences also aligned with Morganella 

psychrotolerans at slightly lower similarity. Importantly, 

strain S09 had a comparatively poor 16S rRNA gene 

sequence similarity (99,11%) with its nearest validly 

described Morganella species and was positioned in a 

separate branch in phylogeny, indicating that it could be 

a putative new taxon of genus Morganella. Two isolates 

(B02 and B04) were found to be members of the genus 

Providencia with closest alignments with Providencia 

alcalifaciens and Providencia rettgeri, respectively. Isolate 

K06, which was obtained from muscle, showed a perfect 

alignment (100%) with Proteus terrae, while isolate S13 

aligned best with Proteus cibi with 99.93% similarity. 

Importantly, isolate B03 was not isolated on TCBS agar 

but was identified as Klebsiella aerogenes (99.73%). The 

last isolate, S11, aligned with Escherichia whittamii 

(99.66%) and Escherichia ruysiae (99.52%) with some 

variation ratios in comparison. These identification 

findings, presented in Table 1, establish dominance by 

opportunistic enteric bacteria in M. merlangus 

microbiota. The taxa found are species with established 

clinical relevance, especially to nosocomial infections and 

foodborne infections. Further insight was achieved by 

representing phylogeny between isolates and their 

respective reference strains with a neighbor-joining tree 

(Figure 2), which confirmed species-level clusters and 

community affiliations at intra-genus levels. The 

distribution of bacterial genera varied according to the 

tissue type. Morganella was isolated from all tissue types, 

while Providencia was exclusively found in the intestine, 

and Escherichia was only detected in the gills. The genus-

level distribution of isolates across different tissues is 

presented in Figure 3. 
 

Table 1. Molecular identification of bacterial isolates based on 16S rRNA gene similarity 

Isolate Closest matching type strain Similarity (%) Variation ratio 

B01 

Morganella morganii subsp. morganii ATCC 25830T 99.93 1/1463 

Morganella morganii subsp. sibonii DSM 14850T 99.26 10/1355 

Morganella psychrotolerans U2/3T 98.38 22/1356 

B02 

Providencia alcalifaciens DSM 30120T 99.86 2/1463 

Providencia rustigianii DSM 4541T 99.66 5/1463 

Providencia burhodogranariea DSM 19968T 99.38 9/1463 

B03 

Klebsiella aerogenes KCTC 2190T 99.73 4/1462 

Raoultella ornithinolytica JCM 6096T 99.52 7/1457 

Raoultella terrigena ATCC 33257T 99.24 11/1452 

B04 

Providencia rettgeri DSM 4542T 99.73 4/1462 

Providencia vermicola OP1T 99.59 6/1462 

Providencia huaxiensis WCHPr000369T 99.59 6/1462 

K06 

Proteus terrae subsp. terrae N5/687T 100.00 0/1443 

Proteus terrae subsp. cibarius JS9T 99.73 4/1464 

Proteus cibi FJ2001126-3T 99.37 9/1424 

K07 

Morganella morganii subsp. morganii ATCC 25830T 99.66 5/1463 

Morganella morganii subsp. sibonii DSM 14850T 98.97 14/1355 

Morganella psychrotolerans U2/3T 98.23 24/1356 

S08 

Morganella morganii subsp. morganii ATCC 25830T 99.73 4/1463 

Morganella morganii subsp. sibonii DSM 14850T 99.04 13/1355 

Morganella psychrotolerans U2/3T 98.16 25/1356 

S09 

Morganella morganii subsp. morganii ATCC 25830T 99.11 13/1463 

Morganella morganii subsp. sibonii DSM 14850T 99.04 13/1355 

Morganella psychrotolerans U2/3T 98.08 26/1356 

S11 

Escherichia whittamii Sa2BVA5T 99.66 5/1464 

Escherichia ruysiae OPT1704T 99.52 7/1464 

Shigella flexneri ATCC 29903T 99.32 10/1464 

S13 

Proteus cibi FJ2001126-3T 99.93 1/1424 

Proteus alimentorum 08MAS0041T 99.86 2/1380 

Proteus vulgaris ATCC 29905T 99.80 3/1464 
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Figure 2. Phylogenetic relationships of bacterial isolates based on 16S rRNA gene sequences. The evolutionary history 

was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). This analysis involved 41 nucleotide sequences. 

All positions containing gaps and missing data were eliminated (complete deletion option). There were a total of 1308 

positions in the final dataset. Bootstrap values (>50%) based on 1,000 replicates are shown at the corresponding nodes. 
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Figure 3. Bar chart showing the distribution of bacterial 

genera isolated from different tissues of M. merlangus. 

The number of isolates belonging to each genus is 

represented by colored segments within each tissue type 

(intestine, muscle, gills). This visual highlights genus-

specific tissue localization patterns. 

 

3.3. Extracellular Enzyme Activity Assays 

Out of the ten isolates, screening for enzymic activity 

produced a selective profile based on the presence of 

lipase and urease activities. None was detected for 

amylase, caseinase, DNase, or lecithinase under 

experimental conditions. Lipase was confirmed in three 

isolates (B04, K06, and S13) by visibly evident hydrolysis 

zones on lipid-rich agar (Figure 4). Isolate K06 showed 

extremely high lipolytic activity, with a 30 mm in 

diameter clearing zone, which was the largest recorded 

of all. Urease was detected in seven isolates (B01, B04, 

K06, K07, S08, S09, and S13). Taken together, these 

findings illustrate that some isolates, especially Proteus 

and Providencia strains, possess enzymic functions 

applicable to lipid and nitrogen cycling with possible 

effects on tissue breakdown, spoilage, and host 

interaction (Table 2). 
 

 
 

Figure 4. Representative results of lipase and urease 

activity assays in selected bacterial isolates. (a) Lipase-

positive isolates B04, K06, and S13 showing clear zones, 

and (b) urease activity comparison between isolates B02 

(negative, no color change) and K06 (positive, bright pink 

coloration). 

 

Table 2. Extracellular enzyme activity profiles of isolates 

Isolate Lipase (mm) Amylase Caseinase DNase Lecithinase Urease 

B01 - - - - - + 

B02 - - - - - - 

B03 - - - - - - 

B04 6 - - - - + 

K06 30 - - - - + 

K07 - - - - - + 

S08 - - - - - + 

S09 - - - - - + 

S11 - - - - - - 

S13 8 - - - - + 

Symbols: +, Positive activity; -, No activity observed. Zone diameters (in mm) are provided for positive reactions in lipase activity. 

 

3.4. Antibiotic Susceptibility Testing 

The antibiotic resistance profiles of the ten isolated 

bacteria presented varied resistance patterns against the 

tested agents (Figure 5). The profile presented in Table 3 

caught most of the isolates with resistance to one 

antibiotic, and some with resistance to more than one 

class. Linezolid and amphotericin B did not show any 

inhibition zones in all isolates, indicating their minimal 

activity against Gram-negative bacteria. Resistance to 

amoxicillin/clavulanic acid was found to be the most 

prevalent, with eight isolates (B01, B02, B04, K06, K07, 

S08, S09, S13). Out of all aminoglycosides, amikacin was 

found with strong activity, with only resistance in B03. 

Gentamicin was less effective against B02, B03, S11, and 

S13 (Figure 6). The profile of ciprofloxacin was mostly 

effective, with some intermediate or resistance in K06 

and S11, respectively. Imipenem showed full activity 

against all isolates, indicating no carbapenem resistance 

mechanisms. Streptomycin was found with intermediate 

or resistance profiles in some isolates, such as B04, K06, 

and S13. Resistance to tetracycline and 

sulfamethoxazole/trimethoprim was also prevalent. Six 

isolates showed reduced susceptibility to tetracycline, 

while three (K06, S11, S13) were resistant to 

sulfamethoxazole/trimethoprim. 
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Figure 5. Heatmap representation of antibiotic susceptibility patterns of bacterial isolates. Each cell corresponds to the 

susceptibility result of an isolate (rows) against a specific antibiotic (columns). The resistance levels are color-coded as 

follows: green, susceptible (S); yellow, intermediate (I); red, resistant (R). 

 

Table 3. Inhibition zone diameters (mm) of bacterial isolates against selected antibiotics* 

Antibiotic B01 B02 B03 B04 K06 K07 S08 S09 S11 S13 

Amoxicillin/Clavulanic Acid 13 (R) 9 (R) 16 (I) 8 (R) 9 (R) 10 (R) 8 (R) 9 (R) 16 (I) 8 (R) 

Ciprofloxacin 24 (S) 27 (S) 26 (S) 30 (S) 16 (I) 26 (S) 30 (S) 25 (S) 0 (R) 27 (S) 

Tetracycline 14 (I) 14 (I) 26 (S) 18 (S) 0 (R) 12 (I) 13 (I) 9 (S) 10 (R) 0 (R) 

Gentamicin 18 (S) 13 (I) 14 (I) 15 (S) 18 (S) 18 (S) 22 (S) 20 (S) 14 (I) 13 (I) 

Imipenem 30 (S) 26 (S) 32 (S) 28 (S) 24 (S) 29 (S) 32 (S) 28 (S) 30 (S) 26 (S) 

Sulfamethoxazole/Trimethoprim 25 (S) 11 (I) 22 (S) 15 (I) 0 (R) 22 (S) 16 (S) 18 (S) 0 (R) 0 (R) 

Amikacin 22 (S) 19 (S) 14 (R) 24 (S) 25 (S) 20 (S) 24 (S) 19 (S) 16 (I) 23 (S) 

Amphotericin B 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 

Linezolid 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 0 (R) 

Streptomycin 13 (I) 13 (I) 14 (I) 12 (R) 11 (R) 14 (I) 15 (S) 14 (I) 18 (S) 12 (R) 

* Resistant values are evaluated according to CLSI (2023), S = Susceptible, I = Intermediate, R = Resistant. 

 

 
 

Figure 6. Representative antibiogram results of (a) 

isolate B03 and (b) isolate S11 for selected antibiotics on 

Mueller-Hinton agar. 

 

4. Discussion 
The present microbiological analysis of M. merlangus 

from the Black Sea presents a multi-faceted view of fish-

associated bacteria colonizing a species of ecological and 

food-related interest. By uniting molecular identification, 

enzymatic characterization, and antibiotic susceptibility 

profiling, this study adds to an emerging interest in the 

overlap between environmental microbiology and 

human health. Repeated detection of members of 

Enterobacteriaceae in fish tissues highlights both 

microbial heterogeneity and the potential for 

opportunistic pathogenicity in marine hosts (Pitout and 

Laupland, 2008; Yang et al., 2020). Lipolytic and ureolytic 

capability, together with multidrug resistance, identify 

adaptive strategies that can facilitate survival under 

selective pressures whilst threatening at the same time 

risks associated with spoilage and antimicrobial 

resistance (AMR) dissemination (Ray et al., 2012; Yang, 

2018; Algammal et al., 2022; Dewi et al., 2022). Global 

concern is understood, with AMR now considered a 

pressing public health issue. The World Health 

Organization (O'Neill, 2014) reports 700,000 drug-
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resistant infection-related deaths annually, with a 

predicted rise to surpass cancer-related deaths by 2050 if 

effective intervention does not occur (WHO, 2019). 

Within these contexts, marine organisms like M. 

merlangus are potential sentinel species, reflecting not 

only ecological microbial dynamics but also the silent 

dissemination of determinants of resistance between 

interrelated aquatic and terrestrial environments. 

In contrast to the selective nature of the TCBS agar that 

was used for isolation, which supports mainly Vibrio spp. 

preferentially (Uchiyama, 2000), the successful recovery 

of Gram-negative enteric bacteria reflects the ecological 

adaptability and salt resistance of some Enterobacteriales 

that enable them to survive in marine habitats (Paarup et 

al., 1999; Janda and Abbott, 2021). Importantly, that no 

Gram-positive bacteria or strict aerobes were isolated 

implies that the approach to isolation, effective for 

recovering dominant culturable taxa, may have 

precluded detecting smaller components of the 

community (Stefani et al., 2015). This is a limitation in all 

culture-based approaches and highlights the potential 

benefit of using molecular or metagenomic methods to 

overcome this in detecting a wider range of fish-

associated microbiota (Yukgehnaish et al., 2020). Given 

the unique phylogenetic location (Figure 2) and low 

sequence similarity (Table 1) of isolate S09, a future 

polyphasic study, encompassing genomic, phenotypic, 

and chemotaxonomic characterization, will be required 

to clarify the taxonomic status and ascertain if it is a new 

Morganella species. 

The enzymatic activities of the isolates exhibited two 

main extracellular activities: lipase and urease. Whereas 

these enzymatic activities are often considered to be 

associated with microbial virulence or spoilage ability 

(Stead, 1986; Rutherford, 2014), their presence could 

represent generalist metabolic adaptability or ecological 

adaptation in the host-associated microbiota (Ikeda-

Ohtsubo et al., 2018). Lipase activity, which was detected 

in isolates B04, K06, and S13, may indicate the capacity 

to break down lipids in host tissues or in the local 

environment (Rameshwaram et al., 2018). Although such 

ability is largely attributed to fish spoilage mechanisms 

by releasing free fatty acids and volatile compounds, such 

an ability may also involve mutualistic or commensal 

functions, such as facilitating lipid digestion in the 

gastrointestinal tract of hosts (Ghaly et al., 2010). Proteus 

and Providencia members that showed this activity have 

been reported previously among constituents of normal 

gut microbiota of fish and aquatic animals (Ramkumar et 

al., 2014; Drzewiecka, 2016). Similarly, urease activity, 

which was detected in most isolates, may be involved in 

localized ammonia-mediated pH management and 

nitrogen cycling. In fish hosts, such an enzymatic 

capability may support urea metabolism, particularly in 

species that occupy nitrogenous or brackish habitats 

(Drzewiecka, 2016). Of interest, a lack of caseinase, 

amylase, lecithinase, and DNase activity under tested 

conditions further supports an indication that such 

isolates may lack strong extracellular virulence 

determinants. It is, however, possible that such enzymes 

are induced under certain environmental conditions. 

Identification of multidrug-resistant (MDR) bacteria 

among isolates from M. merlangus highlights an emerging 

concern regarding the dissemination of antibiotic 

resistance in aquatic environments. Resistance to three 

or more antibiotic classes was exhibited by eight of every 

ten isolates, namely β-lactams, sulfonamides, 

tetracyclines, and aminoglycosides, meeting the 

definition for MDR status (Rabbani et al., 2017). These 

resistance patterns, especially widespread insensitivity 

to amoxicillin/clavulanic acid, tetracycline, and 

sulfamethoxazole/trimethoprim, reflect long-term 

environmental exposure to antibiotics (Song et al., 2017; 

Ng’eno et al., 2024). From a public health point of view, 

their presence in food fish like M. merlangus is alarming, 

especially with respect to seafood consumption and 

exposure via food chains. Cross-contamination by 

improper handling, undercooking, or during food 

processing can make these bacteria transmittable to 

humans. 

 

5. Conclusion  
This study provides a window into the microbial 

undercurrents that occupy M. merlangus, a species 

commonly prized for commercial value but seldom 

analyzed through the lens of resident microbiota. 

Bacterial genera to which these isolates belong are 

commonly known to contain opportunistic pathogens, 

which could pose issues with respect to fish health and 

food safety. Enterobacteriaceae dominance, coupled with 

selective enzymatic properties and ubiquitous antibiotic 

resistance, paints a picture of a microbiome influenced by 

marine ecology and anthropogenic activity. In an era 

increasingly characterized by interdependent ecosystems 

and shared microbial territories, such findings hold 

import outside taxonomic or tissue of origin. They 

address the silent movement of resistance genes, the 

effective permeability of boundaries between nature and 

human activity, and recognition that aquatic organisms 

are not only food resources but ecological indicators. As 

we move closer toward an integrated understanding of 

health between species and environments, such work 

highlights the need to explore host-associated microbiota 

from an ecological and health-based paradigm. 
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