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Abstract

The objective of this study is to elucidate the environmental significance and
potential health implications of airborne microorganisms through their molecular
characterization, thereby enhancing our comprehension of atmospheric health and
its broader impact on human well-being. Amplification of the 16sRNA gene was
carried out based on the multiplex polymerase reaction and used Sanger method
determining the nucleotide sequence of DNA to determine the evolutionary
relationships, as it is a clear and reliable diagnostic method instead of the
traditional inaccurate methods. The study included five stations from Basra
Governorate, Iraq, represented by the areas of Qurna, Shuaiba, Tanumah, Khor Al-
Zubair and Old Basra, as it revealed The study covers five genera belonging to 16
Gram-negative and Gram-positive bacteria species: Mammliicoccus lentus,
Staphylococcus saprophyticus, Erwinia, Staphylococcus hominis, Lysinibacillus,
Exiguobacterium aurantiacum, Staphylococcus epidermidis, Staphylococcus
equorum, Staphylococcus succinus, Bacillus pumilus, Bacillus safensis,
Staphylococcus xylosus, Pseudomonas aeruginosa, Atlantibacter hermannii,
Bacillus subtilis, and Pantoea agglomerans). The isolated bacteria were submitted
to the NCBI GenBank database for registration. Using the MEGA 11 software, a
phylogenetic tree was constructed to analyze the evolutionary relationships among
the study isolates and compare them to internationally available samples.

Keywords: 16S Sanger sequencing, VITEK 2, 16S rRNA gene, phylogenetic
analysis
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lentus,  Staphylococcus saprophyticus, Erwinia, Staphylococcus  hominis,
Lysinibacillus, — Exiguobacterium  aurantiacum, Staphylococcus epidermidis,
Staphylococcus equorum, Staphylococcus succinus, Bacillus pumilus, Bacillus
safensis, Staphylococcus xylosus, Pseudomonas aeruginosa, Atlantibacter
sacld ) Agieall Lyl s & hermannii, Bacillus sublilis, and Pantoea agglomerans
sl 4yl 5yad oliy & ¢ MEGA 11galin aladinds . Juacall NCBI 5 dalal) il cpa Sl

Gley daliall cilially Lgaisliay duhall cYje (m doyeball @)

1. Introduction

Airborne particles carry bacteria or their organic molecules, spreading them through the
air in the form of bioaerosols. Biological activity accounts for a significant portion of the
makeup of Earth's atmosphere [1]. Exposure to bioaerosols can lead to severe and common
health problems [2]. Many infectious diseases affecting the respiratory system, whether acute
or chronic, are a result of this exposure, including influenza and bronchitis. One of the
potential causative agents of these diseases is pathogenic bacteria that can be transmitted
through airborne particles from infected individuals via oral and respiratory fluids, leading to
the spread of various illnesses [3]. The identification of bioaerosols can be achieved through
the sequencing of nucleic acids. Many studies utilize the traditional Sanger sequencing
method, as it provides sufficiently long sequences to determine genera or individual species
through comparison with online databases such as the National Centre for Biotechnology
Information (NCBI) [4]. To distinguish markers those decide the degree of the connection
between bacterial presence and irresistible microorganisms in people, creatures, and plants, as
well as the effect of climatic circumstances on bacterial presence and diversity. Numerous
factors contribute to the proliferation of hazardous aerosols and microorganisms in urban,
rural, and surrounding areas, leading to various medical issues associated with microbial
bioaerosols [5]. The presence of airborne germs is widespread in the environment and has the
potential to induce a range of severe to mild negative health consequences in human beings.
Hence, the monitoring and regulation of airborne microbes are of utmost importance to
ensure the protection of public health and occupational safety [6]. The aim of the present
study is to detect bacterial diversity and distribution in the selected study sites.

2. Materials and methods
2.1 Sample Collection Sites

From March 1, 2023 to November 1, 2023, samples were collected from five locations in
the Basrah region of Iraq: North, South, Central (Basrah City), West, and East. The collection
was conducted in two phases: weekly and monthly collections, as shown in Figure 1.

2.2 Airborne microbial sampling methods

Microbial samples were collected from the outdoor environment of the Basrah Province
using the airborne sampling sedimentation technique. Sampling took place from 9:00 AM to
1:00 PM. Over an 8-month period that included both dry and humid seasons, collection was
conducted using 9-cm plates. Nutrient agar, mannitol salt agar, blood agar, and MacConkey
agar were poured into the plates for collection purposes. Subsequently, the plates were
exposed to the air for 3 to 5 minutes, after which they were sealed and transported to the
laboratory. The plates were then incubated in an incubator at a temperature of 37 °C [7]. The
visible colonies on the agar plates were counted using the equation CFU/m® = 5a*10* (bt)"!,
where 'a' represents the number of bacterial colonies on the plates, 'b' represents the surface
area of the dish in cm2, and 't' represents the exposure time in minutes [8]. The plates were
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then sub-cultured by streaking, returned to the incubator for 24 hours at 37 °C, and
subsequently subjected to microbiological methods for bacterial species identification [9].
The isolated pure cultures were maintained in brain heart infusion broth supplemented with
20% glycerol and stored at -20°C for future molecular identification.
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Figure 1:- Districts of Basra Province showing the study areas

2.3 Bulk genomic DNA extraction from bacteria

The genomic DNA extraction process was conducted using the Wizard Genomic DNA
Purification Kit, which was supplied from Promega in the United States. The concentration of
the extracted DNA was measured using a nanodrop spectrophotometer after DNA extraction
from the samples. The purity of the extracted DNA samples was evaluated using a Nanodrop
spectrophotometer.

2.4 Amplification and sequencing of bacteria 16sRNA

The polymerase chain reaction (PCR) was run on the study samples to evaluate the gene
that was present [10]. The 16S rRNA gene was amplified using the universal 16S RNA
forward and reverse primers. The Wizard Genomic DNA Purification Kit, manufactured by
Promega in the USA, was employed to extract DNA from the isolated bacteria for subsequent
gene amplification. A final volume of 50 pL was achieved for PCR amplification by utilizing
the following components: 5 microliters of DNA template, F primer (2.5 puL), R primer (2.5
pL), and nuclease-free water (17 pL). To the Master Mix tube, an extra 17 pL was added.
The reaction mixture underwent a denaturation step by being heated to 95 °C for 5 minutes.
Next, the processes of denaturation, annealing and extension were repeatedly cycled 30
times. Each cycle involved denaturation at 94 °C for 30 seconds, annealing at 50 °C for 30
seconds, and extension at 72 °C for 30 seconds. The complete cycling process took a total of
1.30 minutes to perform. The total volume of the reaction was 50 pL, an extension was
carried out for 5 minutes at 72 °C. The 5 pl of 16S rDNA that was recovered from the
polymerase chain reaction (PCR) was electrophoresed on a ladder for 1.5 hours at a voltage
of 50V. In a casting tray, 1.5% agarose powder was dissolved in 100 ml of TBE buffer,
which contained 0.5 pL of ethidium bromide in 100 ml of agarose solution, to conduct the
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electrophoresis. The items were observed using a UV laser system, and the presence of a
1500-bp band signified the presence of 16SRNA. The extracted 16S rRNA gene was
amplified using universal 16S RNA reverse and forward primers. The primers employed for
amplifying the gene from the isolated microorganisms were as follows:
27F5-AGAGTTTGATCCTGGCTCAG-3

1492R 5'GGTTACCTTGTTACGACTT-3 (Eden et al., 1991)

The various components described above consist of both primary and secondary
constituents, which were thoroughly mixed using a vortex machine. After preparing the PCR
reaction mixture in the tubes, the tubes were then placed into a thermal cycler instrument,
also known as a thermocycler for PCR machine. DNA sequencing was performed using
standard shotgun sequencing reagents according to the manufacturer's instructions [11].

2.5 Gel electrophoresis

1.5% of the agarose granules were dissolved in 100 ml of TBE buffer. The solution was then
heated to a gentle simmer in an autoclave. Following the sedimentation of the mixture, the
ethidium bromide dye was introduced. Subsequently, the resultant mixture was introduced
into the gel casting tank, wherein the combs were strategically placed to generate cavities
within the gel formulation. The gel that was poured was allowed to undergo solidification at
room temperature for a duration of thirty to forty minutes. After the comb was removed, the
gel was treated with TBE buffer. After the ladder and samples were placed in their designated
wells, an electrophoresis procedure began using a voltage of 70 watts for one hour. The gel
was then transferred to a UV transilluminator operating at a wavelength range of 260280
nanometers. High-resolution images were subsequently captured using a digital camera, as
shown in Figure 2.
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Figure 2:- Agarose gel electrophoresis of PCR —amplified for16 sRNA from bacterial isolate
at 75 volt for 25 minutes
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2.6 Bioinformatics analysis

Processing of 16SRNA gene sequences was conducted through MEGAI11 software, and
sequences were aligned using GenBank/Basic Local Alignment Search Tool (BLASTn), as
shown in Table 1.

Table 1:- Accession number of 16S rRNA gene sequence

size of the sequences gene

List accession numbers Name of isolates in Gen Bank 16sRNA
1 PP419973 Staphylococcus hominis strain NWMA11 962
2 PP419974 Mammaliicoccus lentus strain NWMA12 682
3 PP419975 Staphylococcus saprophyticus strain NWMA13 809
4 PP419976 Staphylococcus succinus strain NWMA14 775
5 PP419977 Staphylococcus succinus strain NWMA15 865
6 PP419978 Staphylococcus succinus strain NWMA16 773
7 PP419979 Staphylococcus xylosus strain NWMA17 511
8 PP419980 Staphylococcus epidermidis strain NWMA18 645
9 PP419981 Staphylococcus epidermidis strain NWMA19 757
10 PP419982 Staphylococcus equorum strain NWMA20 680
11 PP419972 Staphylococcus hominis strain NWMA10 742
12 PP417749 Bacillus subtilis strain NWMAZ2 16S 762
13 PP417750 Bacillus pumilus strain NWMA3 750
14 PP417748 Bacillus safensis strain NWMAL1 620
15 PP417751 Lysinibacillus sp. strain NWMA4 826
16 PP417928 Erwinia sp. strain NWMAG6 623
17 PP417927 Atlantibacter hermannii strain NWMAS 812
18 PP417930 Pantoea agglomerans strain NWMAS 857
19 PP417931 Pseudomonas aeruginosa strain NWMA9 556
20 PP417929 Exiguobacterium aurantiacum strain NWMA7 839

2.7 Aligning the sequences

The sequences were registered in GenBank, a database maintained by the National Centre
for Biotechnology Information NCBI, and subjected to similarity analysis using the BLAST
algorithm [12,13]. The objective was to discern sequences exhibiting homology or analogous
traits when benchmarked against known sequences archived in the GenBank registry. The
sequences underwent multiple alignments using the Multiple Alignment feature in MEGA
11.013 [14].

3. Results and discussion

Throughout this study, 20 distinct airborne bacterial species were identified, representing
5 genera. These included various Bacillus species (B. pumilus, B. safensis, B. subtilis) and
Lysinibacillus. Staphylococcus (Hominis, Lentus, Saprophyticus, Succinus, Xylosus,
Epidermidis equorum), Erwinia sp., Atlantibacter hermannii, Pantoea agglomerans,
Pseudomonas aeruginosa, and Exiguobacterium aurantiacum). Extraction and amplification
of DNA were performed on the majority of Gram-positive bacteria. The concentration of
DNA ranged from 25 to 50 ng, while the quality of the DNA was assessed to be within the
range of 1.6 to 1.8. The DNA was subsequently transferred onto an agarose gel that included
the 16sRNA gene and subjected to analysis using ethidium bromide dye. The results obtained
using ultraviolet light indicated the presence of DNA bundles with a length of 1500 base
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pairs. The sequencing technique was used for the diagnosed isolates after the completion of
the PCR examination, and the results of the examination were sent to Macrogen Company in
South Korea to sequence the nitrogenous bases using the AB DNA sequencing device. The
search results indicate that molecular methods have proven to be highly effective for the
identification of bacterial pollution sources. Several studies have demonstrated the
advantages of using molecular techniques compared to traditional phenotypic approaches
[15,16]. Therefore, we utilized 16s RNA sequencing and blast analysis in our study. Some of
the isolated bacteria were reported as pathogenic bacteria in the literature, such as
Pseudomonas aeruginosa. In addition, the identified bacteria showed variable responses to
antibiotic susceptibility testing. To our surprise, several were resistant to antibiotics, as noted
in Nalidixic Acid. This indicates a serious threat to public health as these antibiotic markers
could circulate and spread among other species of bacteria that have a greater tendency to
cause diseases. However, the variation in the outdoor bacterial load could be attributed to
many factors, such as population density, number and types of animals, pressure,
temperature, and dust Figure 3, showed the findings of the study indicate that there were
notable variations in the presence of aerosol bacteria in different places over the duration of
the research [17,18]. The findings of the study indicate that there were notable variations in
the presence of aerosol bacteria in different places over the duration of the research. The
Algadeema in Tanuma, Basrah, exhibited a notably higher magnitude compared to other
districts characterized by highly inhabited commercial zones, potentially attributable to a
diverse range of businesses. The viability of airborne microorganisms varies among different
genera. The major bacterial elements in the atmosphere were bacilli. As spore-forming
organisms, bacilli exhibit the capacity to endure the high temperatures characteristic of both
the summer and winter seasons. A phylogenetic tree made from the sequenced 16sRNA
regions of 20 pathogenic bacterial isolates and identified, the evolutionary analyses were
conducted in the MEGA X program. The phylogenetic grouping indicated that strains with
similar sequences were typed in the same group and probably were considered close relatives.
Phylogenetic analysis revealed that the majority of isolates were closely related to
Staphylococcus and Bacillus strains [19], as illustrated in Figures 4, 5, and 6.

Bacterial Isolates N(%) according station
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Figure 3:- Mean total viable counts of air borne bacteria during March 1, 2023, to November
1,2023
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Conclusion

Airborne microorganisms affect both physical processes in the atmosphere, such as cloud
formation and precipitation, as well as the atmosphere itself. Microorganisms can be
incorporated into cloud droplets through nucleation processes: by providing surface
condensation to water vapor and acting as CCN (Cloud Condensation Nuclei) or by inducing
ice formation and acting as IN (Ice Nuclei). The study examined airborne bacteria levels in
Basrah, Iraq, during a period of high heat and humidity. These bacteria are known to have
significant health implications. Airborne bacteria have potential as biotechnological agents
due to their distinctive enzymatic and receptor-mediated metabolic activities, and ability to
tolerate stresses such as desiccation and exposure to UV radiation. There is little question that
the influence of airborne bacteria will stimulate a wide range of microbiological studies on
the atmosphere. Bacterial species previously unknown in such conditions were discovered,
including E. aurantiacum and A. hermannii, as well as the use of the 16sRNA gene to gain a
better understanding of airborne bacterial species.
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Figure 4:- Phylogenetic tree of staphylococcus sp group
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Registered links in NCBI:
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419973
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419974
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419975
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419976
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419977
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419978
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419979
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419980

https:// www.ncbi.nlm.nih.gov/search/all/?term=PP419981
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419982
https://www.ncbi.nlm.nih.gov/search/all/?term=PP419972
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417749
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417750
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417748
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417751
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417928
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417927
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417930
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417931
https://www.ncbi.nlm.nih.gov/search/all/?term=PP417929
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