Isolation and Characterization of dominant culturable Actinobacteria from Spare-Parts Mechanic Workshop Soils in Effurun, Delta State, Nigeria

ABSTRACT 
Mechanic workshops constitute significant sources of soil pollution, primarily owing to automotive repair activities coupled with persistent discharge spent hydrocarbons, heavy metals, etc. The frequency of exposure impose selective pressures on indigenous microbial communities, fostering the emergence of metabolically adaptable and robust taxa. This study was aimed at identification of the predominant culturable Actinobacteria residing in soils from a prominent mechanic workshop within the Spare-parts market, Effurun, Delta State, Nigeria. Composite soil samples were collected from three distinct locations and bacteria enumerated on Bennett’s agar exhibited a 1.1 × 10⁴ ± 0.11 to 1.7 × 10⁴ ± 0.32 CFU/g range. A total of thirteen morphologically unique isolates were obtained, from which three dominant pigmented strains (yellow, creamy white, and milky yellow) were selected for comprehensive analysis. 16S rRNA analysis confirmed that all three dominant strains where Brevibacterium casei with sequence similarities between 94.15% and 99.18%, exhibiting pleomorphism with Micrococcus luteus and Arthrobacter Spp based on their biochemical profiles. Antibiotic disk diffusion and EUCAST standards for interpretation. Antibiotic susceptibility profiling revealed notable trend of resistance to multiple drug classes especially β-lactam antibiotics; Cefuroxime, Augmentin, Ceftazidime, Ceporex and Ceftriaxone, in conjunction to a resistance index (RI) of 0.43, 0.50 and 0.57 for each phenotype. From the data obtained strains of B. casei are not only predominant in co-contaminated soils but also possess clinically relevant antibiotic resistance. This multi-trait feature necessitates continuous public awareness of the dangers around such anthropogenic sites especially where consumption of food is involved.  
Keywords: Actinobacteria, Brevibacterium casei, Antibiotic Resistance, 16S rRNA, Mechanic Workshop.

1.0 Introduction 
Automotive repair workshops otherwise referred to as mechanic workshops across Nigeria and sub-Saharan Africa, epitomises significant anthropogenic point of source for soil pollution. These sites are constantly bombarded with used lubricants, waste engine oil, spent radiator coolants and a gamut of heavy metals associated with the automotive processes, all of which are introduced to the immediate environment in the absence of adequate containment or waste management practices [1], [2]. Prolonged accumulation of such pollutants ultimately distorts soil biogeochemistry, leading to diminished fertility whilst triggering the proliferation of highly adaptive microorganisms with the inherent capability to withstand varied concentrations of pollutants using them as a source of carbon and energy [3], [4]. Natural evolution pre-empts the sequestration of known and novel species of bacteria with the ability to thrive within contaminated environments whereby their existence dominates the impacted niche [5], [6]. 
These evolutionary populations include but is not limited to Actinobacteria, a bacterial family revered for its metabolic versatility and tolerance to co-contaminated environs [7]. Members of this family are widely distributed across both aquatic and terrestrial habitats, widely recognized for their ecological versatility including the ability to degrade complex organic compounds, tolerate severe biogeochemical conditions and secrete an array of bioactive substances i.e. antibiotics, bio-surfactants and enzymes useful for many agricultural, biotechnological, environmental and pharmaceutical applications [8]. This family of bacteria would likely dominate mixed contaminated environments such as mechanic workshops enriched with an abundance of mixed pollutants are frequently introduced to the soil via inadequate waste management practices. Several studies have reported the dominance of species from this family from hydrocarbon and heavy metal contaminated sites, with genera such as Gordonia, Norcadia, Rhodococcus, Streptomyces being isolated. This showcases their adaptability for use in bioremediation [9], [10]. 
This unique ability of Actinobacteria to thrive in abiotic stress conditions highlights their importance as effective bio-indicators of human impact on terrestrial environs. Against the backdrop of contaminated mechanic workshop soils, the isolation and identification of dominant Actinobacteria species would not only advance our understanding of microbial ecology but reveal strains with potential for hydrocarbon biodegradation and heavy metal detoxification, thereby highlighting their significance to Life Sciences.  
The Spare-parts market in Effurun, situated within Uvwie Local Government Area of Delta State, Nigeria, is a vibrant nexus for automotive servicing and repair, featuring numerous mechanic workshops in one location. The soils in the surrounding area show visible effects from the ongoing disposal of used petroleum products, unusable vehicle parts, soot, and other mechanical waste. This has led to a build-up of mixed contaminants that encourage various microbial colonization, adaptation, and growth [11].
Although several studies have examined areas like heavy metals and physicochemical presence in soils from the Spare-parts market in Effurun, there is a scarcity of microbiological profiling of dominant bacteria groups inhabiting its mechanic workshop soils currently reported in literature [12], [13]. Closing the knowledge gap would expand the environmental microbiology database in Nigeria whilst generating data to serve as a guide for environmental monitoring and local remediation strategies. Furthermore, the dominance of certain Actinobacteria species may introduce a new wave of antibiotic resistant bacteria whose pathogenicity would trigger public health concerns due to shared resistance mechanisms, thereby creating new health challenges. This study was aimed at isolating and identifying dominant culturable Actinobacteria species inhabiting the Spare-parts market mechanic workshop soil in Effurun, Delta State. 
2. Materials and Methods

2.1. Sample collection
The spare-parts market mechanic workshop is situated at 5°33′21″N, 5°47′03″E, within Effurun, Uvwie Local Government Area of Delta State, Nigeria. Composite soil sampling was carried out following USEPA SW-846 guidelines [14]. Soil samples measuring 3 kg were collected using a soil auger from five randomly selected points at a depth of 15 cm. Surface debris such as plant leaves, stones, roots, glass, and bottle caps were manually removed. Approximately 1 kg of soil was homogenized to obtain a composite sample representing the site. The samples were then placed in properly labelled polyethylene bags, stored on ice, and transported to the Sheda Science and Technology Complex (SHESTCO) for further treatment and analysis.

[bookmark: _Toc207122853][bookmark: _Toc208822447]2.2. Total Heterotrophic bacteria Count (THBC)
Enumeration of THBC was analysed using the pour plating technique via serial dilution of one (1) g of soil in 0.15% peptone water in nutrient agar (Bacterial), followed by surface plating onto sterile nutrient agar in triplicate. The samples were then incubated for forty-eight (48) hours at 35oC and observed. Plates yielding between 30 and 300 colonies were selected. Colonies were counted and multiplied by the dilution factor to estimate the total bacteria number per gram of soil [15].
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2.3. Total Hydrocarbon-utilizing Bacteria count (THUBC) 
Measurement of THUBC was achieved via the vapour-phase transfer method in mineral salt medium. One gram (1g) of fresh soil samples each were added to ten (10) mls of sterile saline solution and serially diluted to 10-7 in Bushnell Haas media supplemented with 0.3% fluconazole. A sterile filter paper (Whatman No. 1) saturated with 2ml sterilized engine oil was placed on the inside cover of each petri-dish and left undisturbed in an inverted position. These were incubated at 35oC for five (5) days. Plates yielding between 30 and 300 colonies were selected. Colonies were counted and multiplied by the dilution factor to estimate the total bacteria number per gram of soil [15].
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Microbial isolation experiments were conducted using Bennett’s medium (glucose 10g/L, yeast extract 2g/L, beef extract 2g/L, peptone 5g/L) broth. The medium was autoclaved before inoculation. Under a laminar flow hood, 1 g of each soil sample was added to 100 mL of the prepared medium, supplemented with 30 μg/mL fluconazole. The mixtures were incubated on a shaker at 35°C and 120 rpm for 4 days in 250 mL Erlenmeyer flasks.
After the incubation period, 1 mL from each flask was combined with 9ml of sterile peptone water (0.15%) and shaken vigorously. This mixture was then diluted 6-fold to establish a dilution range from 10-1 to 10-6. Aliquots of 0.1 mL aliquots from these dilutions were inoculated onto different agar plates using spread plate method and incubated at 30oC for 48 hours. Morphologically distinct colonies were isolated and purified by transferring them onto the same solid medium to obtain pure cultures. All experiments were conducted in triplicate [16].
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Morphologically distinct pure isolates were subjected to an array of biochemical tests: Gram staining, Oxidase, Citrate, Urease, Coagulase, Indole, Voges Proskauer, Methyl Red, and Catalase tests. Carbohydrate fermentation was assayed using glucose, fructose, lactose, sucrose, and galactose. A test for hydrogen sulphide was also performed [17].

[bookmark: _Toc173924854][bookmark: _Toc207122858][bookmark: _Toc208822452]2.6. Molecular Identification
Genomic DNA of selected isolates was extracted using a ZymoResearch DNA MiniprepTm kit according to the manufacturer’s instructions. The extracted DNA was visualized through gel electrophoresis using a 1% agarose in 10 mg/mL Ethidium bromide, immersed in Tris-Borate-EDTA (TBE) buffer. A total of 5 μl of extracted DNA, 5 μL of bromophenol blue (Fermentas), and standard DNA ladders (1000 bp, 100 bp) were loaded into the appropriate wells. Electrophoresis was conducted at 120 volts for 40 minutes. Images were then captured using the gel documentation system (AlphamagerTM). The purity of the harvested DNA was measured with a Nanodrop 2000 UV–Vis spectrophotometer (Thermo Scientific, USA). For the amplification of the genomic DNA, primers 27F (5'-GAGTTTGATCCTGGCTCAG-3') and 1492R (5'-GGTTACCTTGTTACGACT-3') were used in a 25 μL reaction mixture containing 2.5 μL of 10X buffer supplemented with 15 mM MgCl2, 100 mM Tris-HCl, 500 mM KCl, 0.5 μL of each oligonucleotide primer (forward and reverse), 2 μL of 0.04 mM each dNTPs, 2 μL of the extracted DNA, 0.25 μl of 0.25 units/25 µL Taq DNA polymerase, and 7.25 μL of autoclaved distilled water. The PCR reaction consisted of 35 cycles with the following parameters: 94°C for 2 minutes, 52°C for 1 minute, and 72°C for 2 minutes. The end-product was cleaned using the Zymo DNA Clean and Concentrator (DCC) kit and sequenced with a 3500 ABI genetic analyzer at Inqaba Biotech Ltd, South Africa, utilizing the same forward and reverse primers used during PCR amplification. Following sequencing, taxonomic identification was achieved by comparing the obtained nucleotide sequences to reference strains using a BLAST search within the NCBI gene bank [15].

2.7. Antibiotic resistance/susceptibility tests
To freshly cultured and standardized suspension (0.1, 600nm) of isolates grown for 24 hours in Bennett’s broth at 35°C, sterile cotton swabs were used to streak the entire surface of a Bennett's agar plate. The plates were rotated during streaking to ensure the development of a uniform lawn. Afterward, the surface of the plates was allowed to dry for 10 minutes with the lid closed under a laminar flow hood. Optun antibiotic disks were then applied evenly to the agar surface using sterile forceps and gently pressed to ensure full contact. The agar plates were inverted and incubated at 30°C for 48 hours. After incubation, the diameter of the inhibition zone around each disk was measured [18].

3. Results 
3.1. Enumeration and Isolation of Actinobacteria
Bacterial abundance in soil measured as colony forming units per gram (CFU/g) differed across the different sampling points across the study site (Table 1). Site A exhibited the highest bacterial population, whereas site C exhibited the lowest. Total heterotrophic bacteria count (THBC) from soil samples at the different sampling locations ranged from 1.1 x 104 ± 0.11 to 1.7 x 104 ± 0.32 CFU/g.  
A total of 13 distinct bacterial colonies were successfully isolated and purified from all collection sites, with some overlap among the locations. Specifically, six colonies were derived from Site A, four from Site B, and three from Site C. The data clearly indicate that yellow colonies dominated the isolates, comprising 31% of the total. Following these, creamy white and milky yellow colonies each accounted for 23%, together exceeding three-quarters of the total cultured isolates (Table 2). Additionally, the least common morphologically distinct isolates included brown, white, and cream-coloured colonies, which collectively represented 8% prevalence. All isolated colonies exhibited flat elevation and transparent opacity



Table 1. Enumeration of culturable bacteria (CFU/g x 104) from soil samples 
	Media
	Site A
	Site B
	Site C

	Bennett’s media
	1.7 ± 0.32a
	1.4 ± 0.20ab
	1.1 ± 0.11b


Values are mean ± standard deviation (n=3), p < 0.05.



Table 2. Colony morphology of most frequently occurring bacterial isolates from soil samples
	Colony Colour
	Shape
	Texture
	Elevation
	Opacity
	Frequency 
(n = 13)
	Prevalence (%)

	Yellow
	Irregular
	Smooth
	Flat
	Transparent
	4
	31

	Creamy white
	Round
	Rough
	Flat
	Transparent
	3
	23

	Milky yellow 
	Convex
	Smooth
	Flat
	Transparent
	3
	23

	Brown
	Convex
	Rough
	Flat
	Transparent
	1
	8

	White
	Convex
	Smooth
	Flat
	Transparent
	1
	8

	Cream
	Round
	Smooth
	Flat
	Transparent
	1
	8



3.2. Biochemical characterization and molecular identification
The biochemical examination revealed significant differences among the three most frequently occurring bacterial isolates (Table 3, Figure 1). Most isolates tested positive for Gram's reaction, catalase, glucose, galactose, and fructose, while they tested negative for coagulase, urease, and citrate assimilation. The biochemical profiles indicated that the organisms were most likely Micrococcus luteus, Brevibacterium casei, and Micrococcus roseus.
The amplification of extracted genomic DNA produced bands measuring 1,500 base pairs (bp) in length, which were compared against a standard reference ladder of 2,000 bp to validate the amplified DNA fragments (Figure 2). The binomial nomenclature of the bacteria was assessed using the Basic Local Alignment Search Tool (BLAST) from the National Center for Biotechnology Information (NCBI). This analysis identified the closest related genus and species for each isolate, exhibiting high sequence identities with certain bacterial isolates deposited in GenBank (Table 4).
The blast sequence query indicated that predominantly strains of Brevibacterium casei with accession numbers MN581191.1, LC735555.1, and KY652161.1 from the GenBank Library database showed more than 90% similarity to the genomic DNA sequence of the isolates. 
The antibiotic susceptibility results (Table 5) showed that all isolates were resistant to all classes of cephalosporin antibiotics, including Cefuroxime, Augmentin, Ceftazidime, Ceporex, and Ceftriaxone. However, they demonstrated strong sensitivity to aminoglycoside and fluoroquinolone antibiotics, specifically Streptomycin, Ciprofloxacin, and Levofloxacin, with varying levels of susceptibility to other antibiotics.
Table 3: Biochemical characterization of isolates
	Morphology
	Cocci 
	Rod
	Cocci 

	Colour
	Creamy white
	Yellow 
	Milky yellow

	Grams reaction
	+ve
	+ve
	+ve

	Catalase
	+ve
	+ve
	+ve

	Coagulase
	-ve
	-ve
	-ve

	Indole
	-ve
	-ve
	-ve

	MR
	-ve
	-ve
	-ve

	Oxidase
	+ve
	-ve
	+ve

	Urease
	-ve
	-ve
	-ve

	VP
	-ve
	-ve
	-ve

	Citrate
	-ve
	-ve
	-ve

	Glucose
	+ve
	+ve
	+ve

	Lactose
	-ve
	-ve
	-ve

	Sucrose
	-ve
	-ve
	-ve

	H2S
	-ve
	-ve
	-ve

	Galactose
	+ve
	+ve
	+ve

	Fructose
	+ve
	+ve
	+ve

	
	
	
	

	Most likely organism
	Micrococcus luteus
	Brevibacterium casei
	Arthrobacter spp


Key: +ve = Positive, -ve = negative



[image: ]  [image: ]   [image: ]
Figure 1. Pure isolates obtained
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Figure 2: Gel electrophoresis micrograph of amplified products



Table 4. Basic Local Alignment Search Tool (BLAST) Analysis of Bacteria
	Strain ID
	Colour
	Closest Match
	Accession No.
	% Query Cover
	% Identity
	Sequence Length (bp)

	EE113-P2
	Yellow
	Brevibacterium casei
	MN581191.1
	97
	94.15
	887

	MS1
	Creamy white
	Brevibacterium casei
	LC735555.1
	99
	99.18
	866

	MS6
	Milky yellow
	Brevibacterium casei
	KY652161.1
	92
	96.87
	698











Table 5. Antibiotic Resistance/Susceptibility profile of dominant isolates
	Isolate
	S (30 µg)
	CEF (30 µg)
	OFX (10 µg)
	AU (30 µg)
	PEF (10 µg)
	CTZ (30 µg)
	CN (10 µg)
	CPX (10 µg)
	CEP (10 µg)
	TRX (30 µg)
	LEV (20 µg)
	RD (20 µg)
	AZM (10 µg)
	AMX (20 µg)
	Resistance Index (RI)

	MY
	19 (S) ± 0.15
	3 (R) ± 0.05
	18 (S) ± 0.10
	0 (R) ± 0.00
	22 (S) ± 0.20
	0 (R) ± 0.00
	16 (I) ± 0.11
	22 (S) ± 0.20
	0 (R) ± 0.00
	0 (R) ± 0.00
	22 (S) ± 0.15
	0 (R) ± 0.00
	19 (S) ± 0.25
	22 (S) ± 0.30
	0.43

	YY
	18 (S) ± 0.00
	0 (R) ± 0.00
	2 (R) ± 0.01
	0 (R) ± 0.00
	4 (R) ± 0.02
	0 (R) ± 0.00
	3 (R) ± 0.02
	21 (S) ± 0.31
	0 (R) ± 0.00
	0 (R) ± 0.00
	22 (S) ± 0.25
	19 (S) ± 0.21
	22 (S) ± 0.35
	22 (S) ± 0.25
	0.50

	CW
	19 (S) ± 0.20
	0 (R) ± 0.00
	0 (R) ± 0.00
	0 (R) ± 0.00
	0 (R) ± 0.00
	0 (R) ± 0.00
	18 (S) ± 0.22
	22 (S) ± 0.20
	0 (R) ± 0.00
	0 (R) ± 0.00
	22 (S) ± 0.05
	21 (S) ± 0.33
	2 (R) ± 0.02
	0 (R) ± 0.00
	0.57


Key:	S = Streptomycin, CEF = Cefuroxime, OFX = Ofloxacin, AU = Augmentin, PEF = Peflacine, CTZ = Ceftazidime, CN = Gentamycin, CPX = Ciprofloxacin, CEP = Ceporex, TRX = Ceftriaxone, LEV = Levofloxacin, RD = Rifampicin, AZM = Azithromycin, AMX = Amoxil, R = Resistant (0-10mm), I = Intermediate (11 -16mm), S = Sensitive 17mm and above.  



4.0. Discussion 
The data from this study revealed that the highest cultivatable fraction of bacteria was found on Bennett’s media, in the order of Site A > Site B > Site C. Moderate, statistically significant variations were observed among all three sites, indicating variability among the replicates. Factors such as soil heterogeneity and edaphic conditions, including higher organic matter content, elevated moisture levels, and nutrient availability, likely contribute to the rich community of fast-growing, easily cultivatable taxa. This combination favours greater bacterial growth on Bennett’s media at Site A compared to Sites B and C. Additionally, Bennett’s media is enriched with substantial amounts of beef extracts, casein, and yeast extracts, along with glucose, which promotes the rapid growth and sporulation of heterotrophic microorganisms. These include various actinobacteria that exhibit different growth strategies, classified as either copiotrophic or oligotrophic [19], [20], [21].
The dominance of yellow, creamy white, and milky yellow colonies, which represented 77% of all observed morphotypes, indicates a higher abundance of pigment-producing bacteria compared to their non-pigmented counterparts. The significant presence of these pigmented colonies may be attributed to their ability to survive by secreting secondary metabolites that help them combat biotic and abiotic stress. This survival strategy likely involves multiple mechanisms, including quorum sensing, which relates to population density within a microenvironment [22].
Biochemical analysis revealed that the three most dominant morphologically distinct isolates shared similar characteristics with non enterotrophic bacteria most likely to be Micrococcus luteus, Brevibacterium casei and Arthrobacter spp. However, 16S rRNA sequencing revealed that these isolates corresponded to distinct strains of Brevibacterium casei. The biochemical results conflicted with the molecular findings due to pleomorphism; a phenomenon whereby bacteria adapt their biochemical responses to environmental conditions leading to biochemically misleading identification, hence sequencing is treated as the definite method of identification [23], [32], [33]. 
All isolates showed sensitivity to streptomycin, indicating that this antibiotic has antagonistic effects on the isolates. In contrast, several antibiotics exhibited complete resistance (0 mm zone) in multiple isolates. For instance, B. casei strain EE113-P2 demonstrated total resistance to Augmentin (AU), Ceftazidime (CTZ), Ceftriaxone (TRX), and Levofloxacin (LEV), indicating strong resistance to β-lactams and a fluoroquinolone. Similarly, B. casei strain MS1 displayed total resistance to several antibiotics, including Cefuroxime (CEF), Augmentin (AU), Ceftazidime (CTZ), Ceftriaxone (TRX), and Levofloxacin (LEV), although it showed some sensitivity to Gentamicin (CN = 21 mm), Azithromycin (AZM = 19 mm), and Amoxicillin (AMX = 22 mm).
B. casei strain MS6 also exhibited resistance (0 mm) to many antibiotics but was sensitive to Gentamicin, Azithromycin (21 mm), and Streptomycin. The Resistance Index (RI) effectively delineated the hierarchy of antibiotic resistance among the B. casei strains. Strain EE113-P2 had a moderate RI of 0.43, indicating resistance to six out of fourteen antibiotics. Strain MS1 had a higher RI of 0.50, suggesting a broader resistance profile, likely due to β-lactamase production. Ultimately, strain MS6 displayed the highest level of multi-drug resistance, with an RI of 0.57, corresponding to resistance against eight antibiotics. This high-level resistance is reminiscent of bacterial adaptations to persistent environmental stressors [24]. With a benchmark of multi-drug resistance for RI values greater than 0.2, the isolates obtained in this study displayed potential antibiotic resistance allied to environmental adaptability [25]. These patterns suggest multi-drug resistance phenotypes among the dominant isolates for which exposure to heavy metals, organic amendments, etc, within their habitat has been implicated in the heightened prevalence of antibiotic resistance [26]. The obtained results support findings that Brevibacterium species are resistant to ß-lactams, clindamycin, and sulfamethoxazole antibiotics [27].
The observation that bacteria derived from mechanic workshop soils show significant antibiotic resistance aligns with the global rise of antibiotic resistance among microorganisms. Many of these species are found in terrestrial ecosystems, particularly in areas influenced by human activities [28]. This finding suggests an extensive level of resistance among the dominant isolates in this study, reinforcing the concept of the soil resistome and the potential threat posed by compounds that confer clinically relevant resistance to current commercially available antibiotics. Reports indicate that for over a decade, soil bacteria and human pathogens have exhibited nearly identical genes within their metabolic pathways [29].
Brevibacterium casei, like several other members of the Actinobacteria family, thrive in soils contaminated with hydrocarbons and heavy metals, known for their ability to degrade and mineralize such pollutants [8], [30], [31]. This bacteria species not only breaks down contaminants resulting from mechanic workshop activities but also causes serious infections such as bacteremia, brain abscesses, endocarditis, osteomyelitis, and pericarditis. Infections caused by B. casei have led to numerous cases of immunosuppression worldwide [27].
The prevalence of B. casei in the examined mechanic workshop soils emphasizes its ecological versatility. However, its relatively high level of multi-drug resistance raises significant environmental and public health concerns, especially in developing regions struggling with emerging diseases. Therefore, it is recommended that proper waste disposal practices and routine monitoring of soil microbiota be implemented at mechanic workshop sites.

5.0 Conclusion 
[bookmark: _GoBack]The study was conducted on polluted soils in a part of Nigeria that has not been well studied before. It found a rare type of bacteria called Brevibacterium casei, which is prevalent in soils from mechanic workshops. The research revealed that pollution can contribute to the spread of antibiotic resistance, even outside of hospitals. This indicates that contaminated environments can have harmful effects on human health. Furthermore, the study suggests that certain bacteria may be useful in cleaning up pollution and breaking down pollutants in the future.
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