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obtained using media enriched with sulfur compounds and sulfur-enriched
media. The isolates were purified and characterized through Gram staining and
molecular identification using 16S rRNA gene sequencing. Phylogenetic
analysis was conducted to understand the evolutionary relationships among
the isolated bacteria. The isolates were purified, characterized through Gram
staining, 16S rRNA gene sequencing, and phylogenetic analysis. Sixteen
bacterial isolates were cultivated, with 11 successfully identified through 16S
rRNA gene sequencing. The identified species included Achromobacter
xylosoxidans, Sphingomonas paucimobilis, Streptomyces babili, and Priestia
megaterium. These species, particularly S. babili and P. megaterium, are less
commonly associated with gas refinery environments, highlighting the novelty
of this study. Statistical analyses confirmed a significant predominance of
Gram-negative bacteria (p < 0.05). The study also identified the potential of
these bacteria in the bioremediation process. The inability to amplify the soxB
gene suggests alternative sulfur oxidation pathways, warranting further
investigation. The findings provide a foundation for developing microbial-
based solutions that are efficient, cost-effective and environmentally
sustainable.
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1. Introduction

Natural gas is a vital fossil fuel that serves as a
primary  energy residential,
industrial, sectors due to its
cleaner combustion and lower greenhouse gas
emissions than other fossil fuels; it is valued for its

source dacross

and commercial

cleaner combustion and lower greenhouse gas
emissions compared to coal and oil [1]. It supports
residential heating, industrial processes, and power
generation, making it indispensable for energy
security. It is widely used for heating, cooking, and
power generation, making it an indispensable
component of the global energy mix. However, sour
natural gas, which contains high levels of hydrogen
sulfide (H2S), poses significant environmental and
operational challenges. H:S is highly corrosive,
especially in the presence of water, leading to
substantial damage to pipelines and equipment,
resulting in costly repairs and increased
maintenance [2]. Additionally, H:S is a toxic gas
that poses serious health risks to workers and
communities, with
potentially leading to respiratory issues and even
fatalities, including respiratory distress and
potential fatalities [3]. During combustion, H:S is
converted dioxide (SOz2),
contributor to air pollution and acid rain, adversely
affecting ecosystems and human health [2]. These
issues underscore the necessity for effective
desulfurization methods to mitigate the risks
associated with sour gas.

surrounding exposure

into sulfur a major

Conventional desulfurization techniques, such as
hydrodesulfurization (HDS), are widely used in the
industry but are energy-intensive and
environmentally taxing. HDS requires high
temperatures (300-400°C) and pressures (30-130
atm), leading to significant energy consumption
and operational costs, particularly when aiming for
ultra-low-sulfur fuels and environmental impact
[4]. Moreover, the HDS process can produce waste
and emissions that contribute to environmental
pollution, and it has limitations in effectively
removing dgenerated waste and emissions. It
struggles to remove certain sulfur compounds,
especially those with complex structures, such as
dibenzothiophene, limiting its efficacy for ultra-
low-sulfur fuels [5].
prompted the exploration of more sustainable
alternatives, such as biodesulfurization (BDS),

These drawbacks have

which utilizes microorganisms to selectively remove
sulfur compounds from fossil fuels under mild
conditions.

BDS has a promising solution,
particularly through the use of sulfur-oxidizing
bacteria (SOB). SOB are capable of oxidizing
reduced sulfur compounds, such as H:S and

emerged as

elemental sulfur, into less harmful forms like
sulfate, making them ideal for natural gas
sweetening [6]. This process reduces the

environmental impact of sulfur emissions and
offers a cost-effective and energy-efficient
solution for natural gas sweetening [6]. Beyond
BDS, SOB are also widely used in other industrial
applications, including biomining, bioremediation,
and biofertilizer production, due to their ability to
degrade pollutants and enhance soil fertility [7, 8].
In biomining, SOB oxidize insoluble metal sulfides
to soluble metal sulfates, facilitating metal
extraction from ores [7]. In bioremediation, SOB is
crucial in detoxifying environments contaminated
with sulfur compounds, making them valuable for
environmental cleanup [8]. In biomining, they
oxidize metal sulfides to extract metals, while in
bioremediation, they detoxify sulfur-contaminated
sites [7, 8].

The ecological importance of SOB lies in their role
in the sulfur cycle, where they facilitate the
oxidation of toxic sulfides into sulfate, contributing
to the  detoxification of
environments [9]. This process is essential for
maintaining the balance of sulfur in various
ecosystems and contributes to the detoxification of
environments contaminated with sulfur
compounds and supports ecosystem health [7, 9].

contaminated

SOB are also involved in biogeochemical cycling,
influencing nutrient availability and ecosystem
health in soil and aquatic environments [10]. Their
metabolic versatility allows them to thrive in
diverse environments, making them valuable for
both environmental and industrial applications.

Despite their potential, the diversity and metabolic
pathways of SOB in sulfur-rich environments, such
as gas refineries, remain underexplored. Previous
identified various SOB, such as
which have
demonstrated promising capabilities as effective
for BDS, desulfurizing fuels while preserving
hydrocarbon structures [11]. However, the specific

studies have

Rhodococcus erythropolis,
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mechanisms and pathways employed by SOB in
different environments, particularly in industrial
settings like gas refineries, require further
investigation. Recent studies (2020-2024) have
advanced our understanding of SOB diversity and

pathways. For instance,
species employ multiple

sulfur  oxidation
Acidithiobacillus

pathways, including the tetrathionate
intermediate  pathway and the reverse
dissimilatory sulfite reductase (rDsr) pathway,

which offer superior energy efficiency [8, 12].
Studies on SOB in wastewater treatment and
bioremediation highlight their ability to reduce
sulfur emissions and detoxify heavy metal-
contaminated sites [13, 14].

This study is the first to characterize SOB from the
llam Gas Refinery in Iran, a sulfur-rich industrial
site. The identification of species such as
Streptomyces babili and Priestia megaterium,
which are less commonly associated with gas
refinery environments, adds novelty to the
findings. These isolates demonstrate potential for
bioremediation due to their ability to degrade
hydrocarbons and heavy metals, offering unique
insights into microbial solutions for sulfur-related
challenges. This study focused on isolating and
characterizing SOB from soil samples collected at
the llam Gas Refinery. The objective was to identify
bacterial species capable of oxidizing
compounds and to explore their potential for
biodesulfurization. This research aimed to advance
the development of sustainable BDS technologies

sulfur

and enhance our understanding of SOB’s ecological
and industrial roles by integrating microbiological,
molecular, and phylogenetic techniques.

2. Materials and Methods
2.1. Study site and sample collection

Soil samples were collected from various locations
within the llam Gas Refinery during the fall of 1403.
Ten soil samples were collected from both the
surface and subsurface layers (5-30 cm deep) at
carefully chosen sites and the main refinery,
covering all directions (north, south, east, and
west). The samples were mixed thoroughly,
homogenized, transferred to sterile Falcon tubes,
and stored at 4°C until further processing within 48
hours to preserve microbial viability.

2.2. Bacterial isolation and purification

For bacterial isolation, a 1:10 dilution was prepared
by dissolving 1 g of sieved soil (to remove stones and
coarse particles) in 10 mL of sterile distilled water.
Serial dilutions (1:100, 1:1000, and 1:100,000) were
prepared, and 100 pL from the 1:1000 and 1:100,000
dilutions were inoculated into M701 and M789
broths, which are selective media for sulfur-
oxidizing bacteria selective media enriched with
sulfur compounds for SOB growth. The broths were
incubated in a shaking incubator at 25°C (150 rpm)
until turbidity indicated bacterial growth (typically
3-5 days). Subsequently, 100 pL of the bacterial
culture was spread onto M701, M789, and 9K agar
plates and incubated for approximately one week
at 25°C for 7-10 days. Visible colonies were
subcultured sequentially on 9K, M701, and M789
media to obtain pure cultures. Gram staining was
performed to confirm the purity of the isolates and
to classify them as Gram-positive or Gram-
negative based on their morphology and staining
characteristics.

2.3. Molecular identification of bacterial isolates

DNA extraction was performed using a simple
boiling method as described in [15]. Briefly,
bacterial pellets from 1 mL of the overnight cultures
were resuspended in 200 pL of sterile distilled
water, heated at 95°C for 10 minutes, cooled on ice
for 5 minutes, and centrifuged at 13,000 xg for 5
minutes. The supernatant containing DNA was
collected and stored at -20°C.

The 16S rRNA gene was amplified using universal
primers 27F (5-AGAGTTTGATCMTGGCTCAG-3’)
and 1492R (5'-TACGGYTACCTTGTTACGACTT-3").
The PCR reaction mixture (25 pL) contained 13.5 pL
of master mix (Amplicon, Denmark), 1 pL of each
primer (10 pM), 3 pL of template DNA, and 7.5 pL
of DNase/RNase-free distilled water. The thermal
cycling program was performed in a Bio-Rad T100
Thermal Cycler with an initial denaturation at 96°C
for 5 minutes, followed by 35 cycles of denaturation
at 95°C for 1 minute, annealing at 58°C for 1
minute, and extension at 72°C for 1.5 minutes, with
a final extension at 72°C for 7 minutes.

For the soxB gene amplification, the soxB gene, a
marker for sulfur oxidation, was amplified using
primers SoxB693F (5"-ATCGGNCARGCNTTYCCNTA-
3’) and SoxB1446R (5-CATGTCNCCNCCYTGYTG-
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3’). The PCR conditions were similar to those for the
16S rRNA gene, with variations in the annealing
temperature (51-55°C) and the number of cycles
(35-40 cycles). The PCR mixture was identical to
that for 16S rRNA, with an annealing temperature
range of 51-55°C (optimized via gradient PCR) and
35 cycles. Positive controls utilized Acidithiobacillus
ferrooxidans DNA, while negative controls excluded
template DNA.

2.4. Sequencing and phylogenetic analysis

PCR products were purified using a PCR purification
kit (Yekta Tajhiz Co., Iran) following the
manufacturer’s protocol. The quality of the purified
PCR products was confirmed and verified by 1%
agarose gel electrophoresis with ethidium bromide
staining.

Purified 16S rRNA PCR products were sequenced
using PCR primers via Sanger sequencing
(Macrogen, South Korea). Sequences
assembled, trimmed using the SeqMan program in
the Lasergen software package (DNAStar,
Madison, WI, USA), and compared to the NCBI
database using BLASTn to identify the closest
matches.

were

Reference sequences were selected
based on >98% similarity, prioritizing type strains
and sequences from sulfur-rich environments. The
retrieved sequences were aligned with ClustalW in
MEGA 11, and phylogenetic trees were constructed
using the neighbor-joining method with the Kimura
2-parameter model.
calculated from 1,000 replicates to assess tree
robustness. Trees were visualized and annotated in

MEGA 11.

Bootstrap values were

2.5. Statistical analysis

test observed
distribution of Gram-positive and Gram-negative
isolates against an expected 50:50 distribution to

determine whether the predominance of Gram-

A chi-square compared the

negative bacteria was significant. A one-way
ANOVA assessed differences in species abundance
based on 16S rRNA sequencing results, with post-
hoc Tukey tests identifying specific differences.
Statistical analyses were performed in R (version
4.3.2), using a significance threshold of p < 0.05.

3. Results and Discussion
3.1. Isolation and purification

Sixteen bacterial isolates were isolated and purified
from soil samples collected at the lam Gas Refinery
using selective media enriched with sulfur
compounds (M701 and M789 broths) and
sequential subculturing on 9K, M701, and M789
agar  plates. The diverse  morphological
characteristics of the colonies indicated a wide
range of bacterial species present in the sulfur-
contaminated soil. This isolation highlighted the
microbial  diversity in
environments, as previously observed in similar
studies [16, 17]. Sixteen bacterial isolates were
obtained from soil samples using M701 and M789
broths, followed by subculturing on 9K, M701, and
M789 agar plates. The diverse colony morphologies
(e.g., size, color, and texture) indicated a broad
range of bacterial species, reflecting the microbial
diversity in sulfur-contaminated environments [16,
17]. The use of sulfur-enriched media ensured the
selection of SOB, aligning with previous studies on
sulfur-rich industrial sites [18, 19].

sulfur-contaminated

3.2. Gram staining and classification

Gram staining classified three isolates (18.75%) as
Gram-positive and 13 (81.25%) as Gram-negative,
based on the 16 isolates. A chi-square test
confirmed a significant predominance of Gram-
negative bacteria (x* = 6.25, p = 0.012), consistent
with their prevalence in sulfur-rich habitats [16,
17]. The Gram-positive isolates predominantly
exhibited bacilli morphology, while the Gram-
negative isolates displayed a mix of bacilli and
cocci forms. This distribution reflected the
microbial diversity in the sulfur-rich environment of
the refinery. Gram-positive isolates were primarily
bacilli, while Gram-negative isolates included
bacilli and cocci. The predominance of Gram-
negative bacteria, particularly Sphingomonas
paucimobilis and Achromobacter xylosoxidans,
aligned with their known prevalence in sulfur-rich
habitats.
metabolic versatility and ability to degrade
hydrocarbons and heavy metals, making them
promising candidates for
biodesulfurization applications [16, 17].
Additionally,  A. thrives  in

These bacteria are known for their

bioremediation and

xylosoxidans
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environments with high organic pollutants, aided
by its unique fatty acid composition [20].

3.3. Molecular identification of bacterial isolates

Molecular identification through 16S rRNA gene
sequencing revealed that 11 isolates belonged to
three phyla: Pseudomonadota, Actinomycetotaq,
and Bacillota, with genera including
Achromobacter, Sphingomonas, Streptomyces,
and Priestia. Eleven of the 16 isolates were
identified via 16S rRNA gene sequencing, belonging
to three phyla: Pseudomonadota, Actinomycetota,
and Bacillota. Sphingomonas paucimobilis was the
most frequently identified species (45.5%),
followed by A. xylosoxidans (36.4%), Streptomyces
babili (9.1%), and Priestia megaterium (9.1%). The
similarity percentages of the 16S rRNA gene
sequences to their closest type strains ranged from
99.37% to 100%, confirming the accuracy of the
identification. Identified species included
Sphingomonas paucimobilis (5 isolates, 45.5%),
Achromobacter xylosoxidans (4 isolates, 36.4%),
Streptomyces babili (1 isolate, 9.1%), and Priestia
megaterium (1isolate, 9.1%). Sequence similarities
to the closest type strains ranged from 99.37% to
100%, confirming identification accuracy (Figure 1,
Table 1). A one-way ANOVA revealed significant
variation in species abundance (F(3,7) = 5.82, p =
0.023), with post-hoc tests indicating S.
paucimobilis was significantly more abundant than
S. babili and P. megaterium (p < 0.05).

The identification of S. babili and P. megaterium is
novel for gas refinery contexts, as these species are
less commonly reported in such environments
compared to Rhodococcus or Acidithiobacillus [11,
12]. The identification of S. babili and P.
megaterium adds to the diversity of sulfur-
oxidizing bacteria and underscores their potential
utility in applications. Streptomyces
species are renowned for producing bioactive
secondary metabolites, including antibiotics and
anticancer agents [17], while Priestia species have
shown promise in agriculture due to their enhanced
soil fertility, drought tolerance, and production of
suggesting diverse

industrial

antimicrobial compounds,
industrial applications [21].

Fig. 1. Agarose gel electrophoresis of purified product
PCR 16S rRNA gene. Lanes: M (Molecular size marker, 100
base pairs), 1) Negative control, 2) M789A1, 3) 9KA22, 4)

9KA24, 5) M701A71, 6) M701A72, 7) M789A73, 8)
M789A75, 9) M789A77, 10) M701A81, 11) M789A84, 12)
M789A92, 13) M789A101

3.4. Phylogenetic analysis

Phylogenetic trees showed clustering of the isolates
into genera Achromobacter, Sphingomonas, and
Streptomyces, with Priestia forming a separate
branch (Figure 2). This classification confirmed the
accuracy of the identification and highlighted the
evolutionary relationships among these bacteria.
Phylogenetic trees constructed using the neighbor-
joining method
Achromobacter, Sphingomonas, Streptomyces,
and Priestia genera, with bootstrap values >70%
indicating robust branching. Priestia megaterium
distinct branch, reflecting its
evolutionary divergence. Reference sequences
from sulfur-rich environments (e.g., gas refineries
and wastewater treatment plants) strengthened
the analysis, confirming the ecological relevance of
the isolates.

clustered isolates into

formed a

Several genera have adapted to high H:S levels,
showcasing diverse strategies to mitigate toxic
sulfur compounds. For example, Poecilia fish have
evolved mitochondrial pathways to detoxify H:S,
enabling survival in lethal conditions [22, 23].
Additionally, sulfate-reducing
Desulfovibrio and Desulfuromonas
oxidized sulfur compounds into H:S, demonstrating
[24]. These
adaptations highlight the diverse mechanisms
employ to thrive in sulfur-rich
environments.

bacteria like
transform

resistance to toxic environments

organisms
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Table 1. Results of Nucleic Acid Sequence Determination for the Studied Isolates

No  Isolate Name Identity Closest Type Strain Similarity (%)
1 9KA33 Streptomyces babili NRRB-1338 99.93
2 9KA33 Sphingomonas paucimobilis NBRC 13935 100
3 M701A71 Sphingomonas paucimobilis NBRC 13935 100
4 M701A73 Sphingomonas paucimobilis NBRC 13935 100
5 M789A73 Achramobacter xylosoxidans NBRC 15136 99.5
6 M789A75 Achramobacter xylosoxidans NBRC 15136 99.5
7 M789A77 Achramobacter xylosoxidans NBRC 15136 99.5
8 M701A81 Sphingomonas paucimobilis NBRC13935 100
9 M789A83 Achramobacter xylosoxidans NBRC 15136 99.5
10 M789A93 Sphingomonas paucimobilis NBRC 13935 100
N M789A101 Priestia megaterium NBRC 15308 99.37
E.chrom obacter insuavis|LMG 26845|HF586506/20.5
{— Achromobacter marplatensis|B2]ELI150134[99.35|
| = Achromobacter aegrifaciens|LMG 26852[HF586507]20.22]
|_' Achromobacter ruhlandi|UMG 1866CADIJLO10000070[99.57|
- Achromobacter insolitus|DSM 23807|CP019325)99.29|
_| MTB9AT3
ZBl Achromobacter xylosoxidans|MBRC 15126|CPO06955]99.5|
g7 Achromobacter veterisilvae|lLMG 30378|LT976503/99.5|
f‘ Achromobacter pulmonis|LMG 26696HET38552]99.43)
a5 || Achromobacter agilis|LMG 3411|HG324050[99.15
T Achromobacter denitrificans|DSM 30026[Y 14907]99.22|
g Achromobacter anxifer|LMG 26857|HF586508(99. 34|
1 .
Achromobacter dolens|LMG 26840[HF586509|99.36|
= Achromobacter animicus|LMG 26620[HEE134428|29.22|
Bordetella avium|197M|AM16TI04]28.3)
— Bordetella flabilis|AU10664/CPO16172[98.23)
MR 043445.1 Alcaligenes faecalis strain 1AM 12369

0.1

Fig. 2. Phylogenetic tree based on 16S rRNA gene sequence for isolate M789A73

The identification of Streptomyces and Priestia
species adds significant diversity and potential
industrial applications. The
identification of Streptomyces and Priestia species
in this context expands the biotechnological
toolkit. valuable for
biotechnological applications due to its production
of species that produce bioactive secondary

utility in novel

Streptomyces is

metabolites [22], applicable in pharmaceuticals
[17]. Priestia, particularly P. filamentosa, shows

promise in agriculture for its drought tolerance and
production of antimicrobial agents [25]. Both
genera exhibit robust metabolic profiles, enabling
them to improve agricultural productivity and
degrade pollutants like hydrocarbons and
pharmaceuticals, further highlighting their ability
to support bioremediation potential [26, 27].

3.5. Sulfur oxidation pathways

Despite multiple attempts, the soxB gene, a key
marker for the sulfur oxidation pathway, could not
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be amplified in any of the isolates. Potential
reasons include primer mismatch due to sequence
variability, absence of the soxB gene, or reliance on
alternative pathways, such as the APS or rDsr
pathways [28, 29]. The use of sulfur-enriched
media (M701, M789, 9K) ensured the selection of
SOB, but direct biochemical assays for sulfur
oxidation (e.g., sulfate production) and HS
tolerance were beyond this study’s scope due to
time and resource constraints. These assays are
planned for future work to quantify sulfur-oxidizing
activity and H:S tolerance under refinery-relevant
conditions.

Research has shown that SOB, such as those in the
genus Acidithiobacillus,
oxidation pathways, including the tetrathionate
intermediate pathway and the sulfur dioxygenase
pathway. Some species can oxidize thiosulfate to
tetrathionate using alternative enzymes,
demonstrating the diversity of sulfur oxidation
mechanisms [30]. The limitation in amplifying the
soxB gene opens research avenues to
investigate less-characterized oxidation
mechanisms. For instance, some sulfur-oxidizing
bacteria utilize the reverse dissimilatory sulfite
reductase (rDsr) pathway, which shows superior
energy conservation efficiency compared to the
Sox system [31]. Understanding these adaptations
could enhance our knowledge of microbial ecology

possess multiple sulfur

new
sulfur

and  biogeochemical cycles in  sulfur-rich
environments. The failure to amplify soxB
highlights the need for advanced genomic

approaches, such as metagenomic sequencing, to
uncover novel sulfur oxidation mechanisms [32].

3.6. Broader implications and applications broader
implications

SOB play a crucial role in the biogeochemical
cycling of sulfur, essential for processes like
bioleaching, and Dbiofertilizer
production. Their ability to oxidize reduced sulfur
compounds to less harmful forms makes them
valuable in reducing environmental
particularly in wastewater treatment [33, 34]. SOB
are also utilized in biofilters and biosensors,
enhancing their applicability in industrial settings
[35]. Their metabolic versatility allows them to
thrive
adaptable for specific industrial needs [36, 37]. The

bioremediation,

pollution,

in various environments, making them

identified SOB offers significant potential for
addressing sulfur-related challenges in gas
refineries. By converting H2S to elemental sulfur or
sulfate, SOB can reduce corrosion, health risks, and
environmental pollution, offering advantages over
HDS, including lower energy consumption and
fewer harmful byproducts [36]. Their ability to
degrade hydrocarbons and heavy metals supports
bioremediation applications, while their role in the
sulfur cycle enhances ecosystem health [18].

The amplification and sequencing of the 16S rRNA
gene are crucial for establishing a taxonomic
framework for bacterial isolates. This method
allows for the detection and identification of
bacteria in various samples, enhancing diagnostic
accuracy in clinical settings [37, 38]. Phylogenetic
analysis based on 16S rRNA sequences provides
insights into the evolutionary relationships among
bacterial taxa, making it a fundamental tool in
microbiology [39]. In bioleaching, SOB oxidize
metal sulfides metals,
treatment, they reduce
13]. The novel identification of
Streptomyces babili and Priestia megaterium
expands their applicability, as these species
produce bioactive metabolites and improve soil
fertility, respectively [17, 18].

The presence of sour gas, characterized by high H:=S
content, poses significant challenges, including
corrosion of pipelines, health risks to workers, and
environmental contamination [40, 41]. Addressing
these challenges requires effective monitoring,
advanced materials, and
robust safety measures. The ability of SOB to
convert HaS

to extract while in

wastewater sulfur

emissions [12,

corrosion-resistant

into elemental sulfur or sulfate
presents a promising biotechnological solution.
This microbial approach offers advantages over
traditional methods, including
operational costs, reduced energy consumption,
and fewer harmful byproducts [42]. SOB processes
operate under conditions, leading to
significant energy savings, especially in large-scale
applications [35].

SOB are essential for the sulfur cycle and play a
significant role in detoxifying
contaminated with reduced sulfur compounds.
They facilitate the oxidation of toxic sulfides to less
harmful sulfate, maintaining the

ecological balance in sulfur-rich ecosystems [43].

chemical lower

milder

environments

crucial for
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SOB are utilized in various biotechnological
applications, including bioremediation, where they
help eliminate heavy metals from contaminated
sites through processes like bioleaching [13]. Their
ability to oxidize reduced sulfur compounds not
only aids in detoxification but also enhances soil
fertility and reduces environmental pollution [44].
The challenges faced in amplifying the soxB gene
highlight the need for advanced genomic and
transcriptomic techniques. The failure to amplify
this gene suggests that alternative pathways may
exist, which could be uncovered through more
sophisticated methods such as metagenomic
sequencing. This approach can provide a
comprehensive view of microbial isolates'
functional genes, revealing SOB's diversity and
potential roles in various environments [45].
Additionally, the use of high-throughput
sequencing techniques has shown promise in
characterizing microbial communities and their
functional potential, indicating that such methods
could enhance our understanding of the soxB
gene's role in oxidation [46]. These
advancements could lead to better insights into the
ecological functions of SOB and their contributions
to biogeochemical cycles. The failure to amplify
soxB underscores the need for advanced genomic
and transcriptomic techniques, such as high-
throughput sequencing, to characterize alternative
pathways [47].  These
advancements could enhance our understanding
of SOB’s ecological and industrial roles, paving the
way for tailored microbial solutions.

sulfur

sulfur oxidation

4. Conclusion

This study provides the first comprehensive
characterization of sulfur-oxidizing bacteria from
the Illam Gas Refinery in Iran, identifying
Achromobacter
paucimobilis, Streptomyces babili, and Priestia
megaterium. The novel identification of S. babili

xylosoxidans, Sphingomonas

and P. megaterium in this industrial context
highlights their potential for biodesulfurization and
bioremediation, particularly  in degrading
hydrocarbons and heavy metals. Statistical
analyses confirmed a significant predominance of
Gram-negative bacteria (p = 0.012), and
phylogenetic analysis validated species
identification. The inability to amplify the soxB

gene suggests alternative sulfur oxidation
pathways, a limitation to be addressed through
future metagenomic sequencing and biochemical
assays for sulfur oxidation and H:S tolerance. These
findings establish a robust foundation for
developing sustainable microbial-based solutions
to mitigate sulfur-related challenges in gas
refineries, with applications in bioremediation,
bioleaching, management.
Future research should focus on the functional
characterization of these isolates and the
exploration of their metabolic pathways to

optimize their industrial utility.

and environmental
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