


Molecular analysis of bacteria and fungi isolates from wastewater from Wupa Wastewater Treatment Plant

Abstract
As the population of the earth is increasing, the rate of waste release into the environment increases. This study investigates the microbial composition of wastewater samples collected from the Wupa Wastewater Treatment Plant in Abuja, focusing on bacterial and fungal diversity.  Methods included bacterial colony counting across dilution series (10⁻¹ to 10⁻⁶), bacterial identification via morphological and Gram staining, and molecular confirmation of isolates through GenBank database comparison. Results showed peak bacterial density at 10⁻¹ dilution and minimal density at 10⁻⁶. Three bacterial species were identified: Pseudomonas aeruginosa, Escherichia coli, and Bacillus subtilis, alongside a single fungal isolate (Aspergillus niger). Molecular analysis confirmed Escherichia coli with 99% similarity (accession NR 114042.1), Pseudomonas aeruginosa with 98% (accession NR 117635.1), and Aspergillus niger with 98% (accession NR 145759.1). These findings contribute to a better understanding of the microbial community dynamics in wastewater systems and highlight key species that may play roles in wastewater treatment processes.
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Introduction
Worldwide, water is an important component of living beings as it performs unique and indispensable activities (Mohammed et al., 2020a). However, due to many anthropogenic activities, freshwater resources are deteriorating at a faster rate (Adam et al., 2020; Mohammed et al., 2024). Increasing urban population growth, industrialization, and intensive farming have led to severe disturbance of drinking water across the world, resulting in limited access to clean and safe drinking water (Adamu et al., 2022; Ibrahim et al., 2023). The rise of urbanization and industrialization has left the environment exposed to numerous pollutants which are toxic to living things (Mohammed et al., 2020a; Mohammed et al., 2020b). Pollutants arising from different industrial processes are major sources of pollution to the soil and aquatic environment (Mohammed et al., 2020a; Mohammed et al., 2020b; Ibrahim et al., 2024a).
Wastewater are water that has been adversely affected in quality by anthropogenic activities (Dadi-mamud et al., 2020). This includes water that has been used in domestic activities, industrial activities and rainwater that accumulates on surfaces and can pick up pollutants like oils, heavy metals, and trash before entering drains and waterways (Dadi-mamud et al., 2020). Wastewater treatment plants (WWTPs) are essential for mitigating pollution and recycling water, but they also serve as reservoirs for diverse microbial communities, including bacteria and fungi (Ibrahim et al., 2023; Ibrahim et al., 2024a). Fungi and bacteria play significant roles in WWTP ecosystems, with fungi complementing bacteria in nutrient processing and organic matter decomposition. While bacteria have been extensively studied, fungi often receive less attention, highlighting the need for a balanced exploration of both groups (Ibrahim et al., 2024b).
Biological parameters, such as bacteria, can predict the presence or absence of pathogens but not the extent of contamination (Mohammed and Adamu 2019). The presence of some bacterial species indicates pollution caused by human activities (Maishanu et al., 2022). Bacteria and fungi play an important role in the conversion of biological and non-biological materials by participating in several biogeochemical cycles. Microbial diversity and functionalities found in freshwater bodies are critical for the sustainable management of freshwater resources (Adamu et al., 2022; Mohammed et al., 2023). The assessment of water quality remains a major public interest in the developed world. There is a high need for monitoring water quality (Mohammed et al., 2021), hence determining the presence of pathogenic bacteria in water is a crucial problem for human and animal health protection. Microorganisms, including bacteria and fungi, are fundamental components of freshwater ecosystems, contributing to nutrient cycling, organic matter decomposition, and overall ecosystem functioning. These microscopic organisms play pivotal roles in shaping the ecological dynamics of aquatic environments. The high prevalence of diseases such as diarrhoea, typhoid fever, cholera and bacillary dysentery among the populace has been traced to the consumption of unsafe water and unhygienic drinking water production practices. Studies have been conducted on the waste water treatment at Wupa wastewater treatment; sewage effluent discharged, Wupa basin sewage treatment, Heavy metal profiles from Wupa sewage treatment. However, there is limited information on the molecular characteristics of microbial isolates from Wupa Waste water treatment Plant Abuja. Despite their importance, microbial communities in freshwater systems, such as the Wupa Waste Water Treatment Plant in Abuja, have received relatively limited attention, particularly in terms of comprehensive characterization at the molecular level (Grossart et al., 2019). Thus, this study is design to isolate bacteria and fungi in wastewater from Wupa Wastewater Treatment Plant and also to characterized them using molecular technique.
Material and Methods
Study area 
The study was carried out in Wupa Wastewater Treatment Plant Abuja, Nigeria. The Wupa WWTP located in Idu district Abuja Municipal Area Council (AMAC) on coordinates 7 ̊23‟N, 9 ̊01E. Located behind the plant is the effluent- receiving river, Wupa River. It was constructed to treat wastewater generated from Phase I, II and III of Abuja Metropolis (AMAC). It was designed to handle the wastewater generated by 700,000 Population Equivalent (PE) and expandable to 1,000,000 PE, thus, the Plant can accommodate an average dry weather inflow of 5,500 cubic meters per hour and a wet weather inflow of 9,000 cubic meter per hour (Chukwu & Oranu, 2018).
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Fig 1-The location Wupa Wastewater Treatment Plant, Abuja, Nigeria, in maps
Sample collections 
Wastewater samples were collected in duplicates with one litre (1L) bottles which were rinsed with the sample water twice before collection at 10cm below the surface of the water and the bottles were labelled with the location, date and time. The samples were transferred to the school laboratory for physiochemical analysis, bacterial and fungal isolation and identification.
Microbial Analysis of wastewater samples
Serial dilution of the samples was carried out using the procedure described by (APHA, 2017) for the pour plate method was employed and 1ml of the wastewater sample was aliquoted into a test tube containing 9ml of distilled water as a stock. Thereafter, 9ml of distilled water was measured into 6 other test tubes arranged serially and labelled and 1ml of the stock was then aliquoted into the next test tube and 1ml of that mixture was aliquoted into the next test tube; this process was continued until the 6th test tube. 10-1 10-3and 10-6 were chosen as the dilution factor. In each of the dilution 1ml was pipetted into petri dishes in duplicates. For bacterial growth; 28.0g of nutrient agar was dissolved in 1000ml of distilled water in a corked conical flask and stirred until the agar had dissolved. For fungal growth; 39.0g of Sabouraud dextrose agar (SDA) was dissolved in 1000ml of distilled water in a corked conical flask and stirred till the agar had dissolved. The media were autoclaved 121°C for 15 minutes according to manufacturers instruction. The media were allowed to cool down in a sterilized chamber then poured into peri dishes containing the 1ml diluents in the presence of a flame. The bacterial culture dishes were incubated at 37°C for 24 hours whilst the fungi culture plates were incubated at 25°C for 6 days. 
Biochemical characteristics of bacterial isolates 
Bacterial colonies were enumerated using colony counting machine. The number of colonies on the plate was multiplied by the reciprocal of the dilution factor, and a computation was performed for 1 mL of the original sample. An average count was used to produce the total count, and the results were reported as colony forming units per millilitre (CFU/ml) of sample. Bacterial samples were further sub-cultured to obtain pure cultures using nutrient agar. Furthermore, the pure culture of the bacteria isolates were subjected to various biochemical test such as catalase, indole, citrate utilization, coagulase, methyl red, Voges Proskauer, urease and sugar fermentation to ascertain the phenotypic characteristics of the organisms (Ogodo et al., 2021).
Fungal Identification 
Potato dextrose agar was used to subculture the initial fungal colonies. The SDA was prepared according to manufacturer’s instructions; As 500mg of mortar crushed ciprofloxacin was added into the agar after it had been autoclaved at 121°C for 15 minutes to inhibit bacterial growth. The agar was dispensed into sterile petri dishes in the presence of a flame. A sterile inoculating wire was used to collect fungal colonies of interest and placed in the middle of the agar plate. Fungal colonies were observed on SDA plates under normal room temperature. Each colony was observed with the following criteria: colour, texture of colony, elevation, form, border/margin. The fungal species were further characterised using morphological characteristic (Leber and Burnham, 2023).
Molecular characterization of Bacteria and Fungi
This involves DNA extraction, Polymerase Chain Reaction (PCR), gel electrophoresis, gel extraction and DNA sequencing using 16s for bacteria and ITS for fungi. DNA extraction was carried out using the Zymo Research Corp Quick-DNA™ Miniprep kit (Irvine,California,USA), while PCR was done after extraction. PCR consists of three stages: pre-denaturing, denaturing (to separate the double-stranded template into two single strands), annealing (lowering the temperature to allow the DNA primers to attach to the template DNA), elongation (raising the temperature to allow the Taq Polymerase enzymes to make new strands of DNA), and final extension (Ibrahim et al., 2024b). According to BIOER GeneExplorer thermal cycler: Pre-denaturalization at 95°C for 5 minutes, denaturalization at 94°C for 1 minute, annealing at 52°C for 1 minute, elongation at 72°C for 1 minute, and final extension at 72°C for 7 minutes, cooling at 4°C. Gel Electrophoresis was carried out after PCR to view amplified DNA and the bands were viewed under and ultraviolet light, the base pair of the DNA were observed and read according to the ladder (Ibrahim et al., 2024b). Furthermore, Gel extraction was used to remove amplified genes for sequencing. Gel extraction was used to isolate desired fragments of intact DNA from agarose gel electrophoresis. Lastly, DNA Sequencing was carried out using the Sanger technique. DNA sequences were BLAST using the NCBI database.
Result 
The bacteria colony count observed in this study is presented in Table 2. Bacteria colony was highest in the dilution factor of 10-1 and lowest in 10⁻⁶. The preliminary investigation of bacteria isolates from wastewater sample using morphology and gram reaction shows the presence of three bacteria isolate namely Pseudomonas aeruginosa, Escherichia coli and Bacillus subtilis (Table 2). While Aspergillus species is the only fungus species isolated in this study (Table 3).  
The molecular identification of microbial isolates from Wupa Wastewater Samples is presented in Table 4.  Sample IB1 from influent wastewater sample shows 99% similarity with that of Escherichia coli with accession number (NR_114042.1). Sample EB1 from effluent wastewater samples shows 98% similarity with that of Pseudomonas aeruginosa with accession number (NR_117635.1). Sample EF1 from effluent wastewater sample shows 98% similarity with that of Aspergillus niger with accession number (NR_145759.1)

Table 1: Microbial Colony Count (CFU) Before and After Treatment
	Dilution
	Influent 
	Effluent

	10⁻¹
	140
	123

	10⁻³
	130
	101

	10⁻⁶
	87
	92



Table 2: Identification of Bacterial isolates from Wupa Wastewater samples using biochemical
	Isolate code 
	Morphology
	Gram reaction 
	Probable organism 

	IB1 
	Pink and rod-shaped
	-
	Pseudomonas aeruginosa

	P1
	Pink and rod-shaped
	-
	Escherichia coli

	EB1
	Purple and rod-shaped
	+
	Bacillus subtilis



Table 3: Microscopic Features of Fungal Isolate EF1
	Isolate code 
	Microscopic characteristics 
	Stain reaction 
	Probable organism 

	EF1
	Septate hyphae with chains brush like Conidia arrangement 

	Blue stained 
	Aspergillus sp



Table 4. Molecular Identification of Microbial Isolates from Wupa Wastewater sample
	Isolate Code


	Sample Source


	Accession Number
	Sequence Identity (%)
	Query Coverage (%)
	Closest Gen Bank Relative

	Closest strain

	IB1
	Influent Bacteria
	NR_114042.1
	99
	98.8
	Escherichia coli
	E. coli strain ATCC 11775

	EB1
	Effluent Bacteria
	NR_117635.1
	98
	99
	Pseudomonas aeruginosa
	P. aeruginosa strain PAO1

	EF1
	Effluent Fungi
	NR_145759.1
	98
	99.1
	Aspergillus niger

	A. niger strain CBS 554.65
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Plate 1: Agarose Gel electrophoresis of targeted ITS 1 and ITS 4 region for microoganism isolate using 100 bp Bioline Hyper Ladder
Discussion 
Water quality is critical to the health and sustainability of aquatic ecosystems and hydrology (Adama et al., 2023). Water also plays a significant role in the cycling of materials and can be a vector if it becomes a source of dangerous compounds and diseases (Mohammed and Adamu, 2019; Maishanu et al., 2022). The findings show a clear correlation between dilution factors and bacterial colony counts. The highest number of colonies was recorded at a dilution factor of 10-1, suggesting a higher concentration of bacteria in this sample compared to more diluted samples (such as 10-6), where the count was significantly lower. This result is consistent with the expectations in microbial studies, where higher concentrations of microorganisms are more likely to be recovered at lower dilution factors. The study conducted investigation into the microbial diversity present in wastewater samples, encompassing both bacterial and fungal isolates. Based on morphological characteristics and Gram staining reactions, three bacterial isolates Pseudomonas aeruginosa, Escherichia coli, and Bacillus subtilis were identified from the wastewater samples. The fungal isolate was determined to be Aspergillus species marking it as the sole fungal representative in this investigation. The molecular identification of microbial isolates yielded compelling results. The presence of this organism in the waste water could be as a result of different waste source being channelled into the waste water treatment plant. This group of bacteria have also been reported in water samples across Nigeria (Mohammed and Adamu 2019; Adamu et al., 2022; Maishanu et al., 2022). 
Sample IB1, representing influent wastewater, exhibited a remarkable 99% genetic similarity to Escherichia coli as denoted by the accession number NR_114042.1. This high degree of similarity suggests that the strain isolated from the influent is closely related to a previously documented strain in the database, which could indicate its potential source, as E. coli is often associated with fecal contamination (Gerba, 2015). Contrastingly, effluent sample EB1 displayed a 98% similarity to Pseudomonas aeruginosa (accession number NR_117635.1), a pathogen known for its resilience and ability to thrive in diverse environments. This strain is noted for its occurrence in wastewater, where it can contribute to opportunistic infections in immune-compromised individuals (Crone et al., 2020).  In addition, effluent sample EF1 was identified to have 98% similarity with Aspergillus niger (accession number NR_145759.1). A. niger is a filamentous fungus commonly found in soil, decaying vegetation, and various food products, but it has also been implicated in the degradation of organic compounds in wastewater treatment processes. Its presence suggests the capability of wastewater treatment systems to facilitate fungal growth that may have applications in bioremediation (Thegarathah et al., 2024). The findings of this investigation highlight the diversity of microbial communities present in wastewater and underscore the importance of molecular techniques for accurate identification and characterization of these microorganisms. Continued monitoring and identification of these microbial populations are vital for understanding their ecological roles and potential applications in wastewater management and bioremediation efforts.
Conclusion and recommendation 
The findings of this study underscore the significant microbial diversity present in wastewater samples, with a notable predominance of Escherichia coli and Pseudomonas aeruginosa among bacterial isolates, coupled with the presence of Aspergillus niger as a fungal representative. The observed correlation between dilution factors and bacterial colony counts reflects the complexities of microbial proliferation within wastewater environments. Molecular analysis confirmed the identities of the isolates, providing robust evidence of their presence and potential roles in the wastewater ecosystem. These insights are crucial for developing effective wastewater management and treatment strategies, as understanding the microbial community can inform bioremediation efforts and the monitoring of pathogenic species within such environments. Future research may focus on the ecological interactions of these microorganisms and their collective impact on wastewater treatment efficacy.
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