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In this study, bacteria from the genus Bacillus were selected to produce new antibiotics
required at the therapeutic level due to the high resistance shown by pathogens to current
antibiotics. We worked on 50 isolates of this type of bacteria taken from the skin of
healthy individuals. We were able to identify 9 isolates from them. Antibacterial activity
of the nine isolates was evaluated against bacteria causing urinary tract diseases, where
Bacillus thermoamylovorans showed the strongest antimicrobial activity and was
identified as a new spore-forming bacterium against most test organisms compared to
other Bacillus isolates, followed by B. subtilis and B. amyloliquefaciens, particularly
against P. aeruginosa and E. coli. The purified fractions F13-F16 demonstrated inhibition
rates ranging from 23.33% to 89.67% depending on the strain of bacteria, with F15
showing the highest inhibition rate up to 86.00% against Klebsiella pneumoniae. The
optimum growth conditions were determined at 50°C and pH 7, and continued for 96
hours in tryptic soy broth for Bacillus thermoamylovorans. The ideal carbon source for
growth was determined to be 4% glucose. To extract the antimicrobial metabolites, ethyl
acetate solution (1:1 v/v) was used. The concentrated bacterial extract was obtained, and
after confirming its biological effectiveness against bacteria causing urinary tract
diseases, it was purified using column chromatography to separate the active components
into a number of tubes. Further investigation was conducted on the antimicrobial activity
of the collected tubes against a group of Gram-negative and Gram-positive pathogenic
bacteria, as well as uropathogenic bacteria. The effective tubes were identified from the
others. Samples of the active tube solutions were sent for analysis using GC-MS to
identify the active compounds through their high relative concentrations, such as trans
monounsaturated fatty acids (cis-vaccenic acid), monounsaturated fatty acids (oleic acid
- 9-octadecenoic acid), saturated fatty acids (pentadecanoic acid, myristic acid), and
polyunsaturated fatty acids (linoleic acid). These fatty acids have known anti-
inflammatory, antibacterial, and antioxidant activities, that to the overall bioactivity
observed. The most important objectives of this study are to develop new alternatives in
antimicrobial strategies.

1. INTRODUCTION

promoted the specific antagonistic compounds production that
is useful to maintain microbial balance and prevent the

The rise of antibiotic resistance among pathogenic bacteria
necessitates the exploration of alternative therapeutic
strategies [1]. One promising avenue is the utilization of
substances derived from the human microbiota to inhibit the
overgrowth of pathogenic competitors. Despite this potential,
there has been limited analytical research focusing on the
competitive dynamics among human microorganisms for drug
discovery and development [2].

The skin in the human body is the largest organ, harboring
diverse bacterial communities that interact with both their host
and one another. These skin-resident bacteria play a crucial
role in protecting against infections by pathogenic
microorganisms due to long-term co-evolution between the
skin-resident microorganisms and the human host. It has
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colonization of pathogens, highlighting the skin as a promising
source of novel antibiotics. Microorganisms (bacteria, viruses,
fungi, and mites) cover the skin surface, and in the hair and
glands reside deep. On the surface of the skin, round and rod-
shaped bacteria such as Staphylococcus spp. and
Proteobacteria, respectively, form communities that are
intertwined among themselves and deeply embedded among
other microorganisms. As individual cells and as branching
filamentous hyphae, commensal fungi such as Malassezia spp.
grow both. Particles of the virus live both in bacterial cells and
freely. Skin mites, like Demodex brevis and Demodex
Solliculorum, are some of the smallest arthropods and live near
or in hair follicles. Appendages of skin include sebaceous
glands, hair follicles, and sweat glands (Figure 1) [3].
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Figure 1. Skin histology schematic in cross-section, viewed
with skin appendages and microorganisms

For instance, certain strains can thrive at elevated
temperatures (between 40°C and 58°C), making those
candidates for novel antimicrobial agents.

Notably, Bacillus thermoamylovorans has been identified
as a source of antimicrobial structures that could combat
pathogenic bacteria [4]. Bacillus thermoamylovorans is a
thermophilic bacterium that can be isolated from various
environments, including skin. Makes it of interest in both
industrial applications and microbiological research, with its
ability to survive high temperatures and produce enzymes such
as lipases.

To their production of various compounds, including
antibiotics and enzymes, the widespread presence and
metabolic  versatility of Bacillus species contribute
significantly. This makes them particularly interesting for
applications in biotechnology, such as engineered industrial
enzymes used in food, detergent industries, and the production
of fermented foods. Bacillus species are known sources of
secondary metabolites as bioactive compounds exhibiting
antifungal, antibacterial, and anticancer properties. Secondary
metabolites (SM) are produced as organic compounds from
different organisms, especially plants, fungi, and bacteria.

Primary metabolites, which are involved directly in growth
and reproduction, while secondary metabolites play essential
roles in ecological interactions, defense mechanisms, and have
potential therapeutic applications. Their mechanisms of action
are diverse and can involve multiple pathways and targets [5].
Given their safety profile and eco-friendly nature, secondary
metabolites from bacteria are increasingly recognized as
viable alternatives to synthetic drugs. This understanding can
guide further modifications to optimize efficacy. In conclusion,
as antibiotic resistance continues to pose significant challenges
in healthcare, leveraging the unique properties of skin
microbiota and employing advanced techniques like molecular
docking could pave the way for developing novel
antimicrobial agents and secondary metabolites derived from
bacteria, offering promising opportunities for treating
microbial infections, with multiple benefits including reduced
resistance and enhanced therapeutic efficacy [6].

This study aims to isolate and identify bioactive antibiotic
compounds from Bacillus thermoamylovorans, a thermophilic
bacterium, and evaluate their antibacterial efficacy against
skin microbiome-associated pathogens. Gas Chromatography-
Mass Spectrometry (GC-MS) will be used to analyze and
characterize the chemical composition of these compounds,
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exploring their potential as novel antibiotic agents for treating
skin infections or modulating the skin microbiome.

2. MATERIALS AND METHODS

2.1 Isolation of Bacillus spp.

Skin swab samples were collected from areas that may
harbor thermophilic bacteria, such as the forearm, foot, and
neck. Ensure that the area is not treated with antimicrobial
agents prior to sampling to avoid inhibiting bacterial growth.
Fifty samples were collected from the skin of healthy humans
aged 13 to 50 years, and the skin swabs were suspended in 100
mL of sterile saline. This suspension should be gently agitated
to dislodge bacteria from the swab. Spread the suspension onto
selective media such as tryptic soy agar (TSA) plates.

Incubate the plates at elevated temperatures of 50°C for 24
h to promote the growth of thermophilic organisms while
suppressing mesophilic bacteria. After incubation, examine
the plates for colonies that exhibit the characteristic
morphology of Bacillus species (e.g., creamy white circular
colonies). Select colonies that appear homogeneous and purify

them by streaking on fresh agar plates. Bacillus
thermoamylovorans can be characterized based on
microscopic examination, morphological features, and

biochemical tests using Bergey’s Manual as a reference.
Identification was further supported by the VITEK 2 analyzer
with a colorimetric reagent card that was used (BioMérieux,
France) for species-level assignment, with identification
confidence thresholds set at > 90%.

Additionally, 16S rRNA sequencing was performed and
similar to sequences of reference organisms using the NCBI
Basic Local Alignment Search Tool (BLASTn). The strains
were purified and stored on nutrient agar slants at 4°C for two
months at -20°C in glycerol for longer-term storage 6.

Performed PCR to amplify the 16S rRNA gene using the
following components in Table 1.

Table 1. PCR reaction components for 16S rRNA gene

amplification
Component Volume
Trans gen Biotech (Master mix 125 ul
Easy Taq (TRN)) SR
Forward primer 0.5 ul
Reverse primer 0.5 ul
DNA template S5ul
Free nuclease water 6.5 ul

2.2 Genomic DNA isolation by the boiling method

To select the strain, DNA was isolated using the boiling
method. The isolate was streaked onto a plate of fresh agar,
and approximately 10 colonies were transferred into an
Eppendorf tube containing 400 pl of double-distilled water (dd
H:0). To lyse the cells, take the Eppendorf tube and place it in
a water bath at 100°C for 15 min. The tube was then cooled
directly on ice and subjected to heat shock at -20°C for 20 min.
Afterward, the tube was allowed to stand at room temperature
and homogenized by vortexing for 10 s. The mixture was
centrifuged for 15 min at 4°C. The upper layer was aqueous,
which was carefully collected and taken into another sterile
Eppendorf tube, and this DNA sample was frozen until further
use [7].



PCR conditions used as follows:

1.94°C for 5 min as the initial denaturation of DNA

2.94°C for 30 s as the denaturation step of DNA

3.55°C for 30 seconds as the annealing step of the primers

4.72°C for 1 min 30 seconds - as the elongation step. 35
cycles of step 2-4 were performed.

5.72°C for 10 min as the final extension step

2.2.1 DNA agarose gel electrophoresis

The products of PCR were examined using agarose gel
electrophoresis. A prepared 1% agarose gel was made by
melting 0.5 g of agarose in 50 ml of 1x TBE (Tris-Borate-
EDTA) buffer. Before adding ethidium bromide, the agarose
was allowed to cool to a temperature of 50-60°C to reach a
concentration of 0.5 pg/ml. After the gel was poured into a gel
tray and a comb, the gel was left to solidify at room
temperature.

Load the samples into the gel alongside a DNA marker to
determine accurately the size of the fragments of the DNA.
The gels were run in 1x TBE buffer at a constant voltage of
100 V. DNA bands were visualized using an ultraviolet
transilluminator imaging system.

Primers used:

-Forward Primer: Eu8f - AGAGTTTGATCCTGGCTCAG

-Reverse Primer: Eul492r
GGCTACCTTGTTACGACTT

2.3 Preparation of tester strains

One hundred bacterial isolates were obtained from clinical
specimens, specifically from urinary tract infections, which
were obtained from different hospitals in Baghdad. The
isolates were cultured on suitable media for re-identification.
The identified isolates included Escherichia coli,
Staphylococcus — aureus, Klebsiella pneumoniae, and
Pseudomonas aeruginosa. ldentification was based on
morphological and cultural characteristics of the colonies,
which were assessed through bacterial growth on agar culture
media, microscopic examination, biochemical tests, and the
compact system of VITEK 2.

The automated system VITEK 2 is a bacterial identification
and susceptibility testing system that provides rapid results. It
employs fluorescence-based technology to accurately identify
bacteria and assess their antibiotic susceptibility. For both
Gram-negative and Gram-positive bacteria studies have
shown that the VITEK 2 system can achieve high rates of
correct identification, for susceptibility testing reaching up to
96 with overall agreement rates [8], this study exhibited high
resistance of isolates from both types of bacteria to antibiotics
were selected to test the effect of bacterial extracts on them,
this selection process is for understanding crucial the efficacy
of potential antimicrobial agents against resistant strains.

2.4 Antimicrobial activity determination of Bacillus spp.
using spectrophotometer

Bacillus spp., which recorded a producer isolate to
antimicrobial activity against uropathogenic bacterial strains,
and evaluated the extract by the spectrophotometric method
[9]. By measuring optical density (OD) at specific
wavelengths, this approach allows for precise quantification of
bacterial growth inhibition. For preparation of bacterial
extracts from Bacillus spp. and preparation of pathogenic
bacteria as tested strains for evaluate the extract against it
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tryptic soy broth (TSB) inoculated by suspension containing
(9 x10® CFU /ml) (compared to McFarland standard 0.5 ml
absorbance at 600 nm a wavelength about 0.134) with size 2%
inoculum and incubated at 37°C for 24 h until reaching the
stationary phase. After incubation, the culture medium was
centrifuged at 10000 rpm for 10 min, the supernatants were
collected to obtain the bacterial extracts, and removed the
biomass then the supernatant used to estimate activity of the
bioactive compounds by added crude extract 0.5 ml to test
tubes containing 0.5 ml standardized inoculated of organisms,
involving Escherichia coli, Staphylococcus aureus, Klebsiella
pneumoniae and Pseudomonas aeruginosa. At 37°C for 24 h,
each tube was incubated, and the optical density (OD) of each
culture was measured using a spectrophotometer at 600 nm
(OD 600). The reduction in OD compared to control cultures
(without extract) indicated the level of antimicrobial activity
[10, 11].

Inhibition Rate Calculation Equation:

To calculate the inhibition rate of bacterial extracts, the
following equation can be used:

Inhibition Rate = ((ODcontrol = ODsample) / ODcontrol) X )
100%

where, ODconrot = Optical density of the control sample
(without extract) was prepared by adding 0.5 ml D.W. and 0.5
ml standardized inoculum of organisms. ODgmpie = Optical
density of the sample containing the extract. was prepared by
adding 0.5 ml crude extract to 0.5 ml standardized inoculum
of organisms. The blank was prepared by adding 0.5 ml D.W.
to 0.5 ml TSB.

2.5 Effect of growth media, pH, temperature, incubation
period, and glucose concentration on the production of
active compounds from Bacillus thermoamylovorans

To investigate the optimal conditions for the maximum
production of antibacterial compounds from Bacillus
thermoamylovorans, various factors were examined, including
growth media types, incubation temperature, incubation
periods, pH levels, and glucose concentrations. This study
followed the methodology outlined in the work [11].

Experimental Conditions

Temperature: The strain was cultured at temperatures of
25°C, 30°C, 37°C, and 50°C for varying periods of 24, 48, 72,
96, and 144 h. Bacillus thermoamylovorans is known to grow
optimally between 40°C and 58°C and thrives at higher
temperatures.

pH Levels: Based on the work [12], the pH was adjusted to
values of 5, 6, 7, 8, and 9. Generally favorable for the growth
of many Bacillus species is the neutral pH of around 7.

Growth Media: For culturing the bacterium, different
media were utilized, including tryptic soy and nutrient broth,
and brain heart infusion. Each medium provides distinct
nutrients that can affect microbial growth and metabolite
production [13].

Glucose Concentration: Various concentrations of glucose
(1%, 2%, 3%, 4%, and 5%) were added to the optimal growth
medium. Glucose serves as a primary carbon source that can
significantly influence the metabolic activity of Bacillus spp.,
promoting the production of antimicrobial compounds [14].
After optimizing the culture conditions at pH 7 and a
temperature of 50°C for four days, we centrifuged each culture
at 3000 rpm for 20 min to separate the supernatant. Evaluated



antimicrobial activity of the isolates against Staphylococcus
aureus by a broth macrodilution assay as described in CLSI
standard guidelines.

2.6 Cultivation and extraction of antimicrobial compounds

Bacillus thermoamylovorans was cultivated in 500 ml of
tryptic soy broth, inoculated with 5% active culture, and
maintained at 200 rpm at 50°C for 4 days. The process of
fermentation was conducted according to the optimal
conditions established by the study [12].

After the incubation period, filtered the fermentation broth
through filter paper, Whatman No. 1, to remove cellular debris,
remove then centrifuged the filtrate at 10.000 rpm at 4°C for
20 min to remove the supernatant from the pellet.

For the extraction of antibacterial compounds, the culture
filtrate was mixed twice with an equal volume of ethyl acetate
(1:1). The phase of ethyl acetate that had the active compounds
from the aqueous phase was separated using a separating
funnel. Concentrated ethyl acetate layer by evaporating it at
50°C, resulting in a brown crude extract weighing
approximately 1.8 g [14]. For antibacterial activity against
uropathogenic bacteria, the extracted compounds were
bioassayed using standard methods.

2.6.1 Purification of antibacterial compounds

Through silica gel column chromatography, antimicrobial
compounds were purified, following the methodology
explained [15]. As the eluting solvent methanol was employed,
the column was packed with 60—120 mesh silica gel. The
sample was loaded onto the column, and with methanol was
eluted at a flow rate of one drop. Placed at the bottom of the
column, the tubes were collected, representing the eluted
fractions, and fractions considered most active were selected
for further analysis.

The antibacterial compounds were analyzed using gas
chromatography-mass spectrometry (GC-MS) against the
NIST mass spectral library with spectral matching, a similarity
threshold of greater than 85% to detect accurate compound
assignment.

On an Agilent Technologies 6890-5973 N system equipped
with a TG-5 ms Phenyl Methyl Siloxane capillary column (30
m x 250 um % 0.25 um), the analysis was performed. The mass
detector operated in split mode, with helium gas serving as the
carrier at a flow rate of 1.0 ml/min. The injector temperature
was set to 230°C, and the oven temperature was initially set to
60°C for 2 min, followed by a ramp of 10°C/min to reach
280°C for an additional 8 min.

2.7 Using 96-well microtiter plates for antibacterial
activity of active fractions

The active fractions obtained from  Bacillus
thermoamylovorans with antibacterial activity were evaluated
using a 96-well microtiter plate assay, calculated by
spectrophotometric analysis. This method allows for high-
throughput screening of antimicrobial compounds against
various bacterial strains. A 96-well microtiter plate was used
for the assay, where each well contained a specific
concentration of the active fractions from the purification
process.

The microplate format allows for simultaneous testing of
multiple samples, enhancing efficiency and reducing reagent
use. Each well was inoculated with a standardized suspension
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of the target bacteria, such as uropathogenic strains. The
inoculum size was adjusted to ensure consistent bacterial
density across all wells. At 37°C, the plates were incubated for
a predetermined period (typically 24 hours) to allow for
bacterial growth and interaction with the antibacterial
compounds. After incubation, the optical density (OD) of each
well was measured at 600 nm (OD600) using a
spectrophotometer. This measurement provides an indication
of bacterial growth; lower OD values suggest higher
antibacterial activity of the tested fractions.

2.8 Statistical analysis

The obtained data were subjected to a way analysis of
variance (ANOVA) test to compare the means of various
groups with each other. Results were expressed as mean +
standard Error (SE), and values of p > 0.05 were considered
statistically non-significant, while p < 0.05 and < 0.01,0.001
were considered significantly different, highly significantly
different, respectively. The statistical analysis was carried out
by SPSS (v 20).

3. RESULTS
3.1 Isolation and identification of strains

In this study, the isolation and identification of Bacillus spp.
from skin samples were conducted to explore their potential
for producing antimicrobial compounds. A total of 50 skin
samples were analyzed, leading to the successful isolation of
nine Bacillus strains. These strains were identified using
Bergey’s Manual of Determinative Bacteriology, which relies
on morphological so the colonies typically appear creamy
white with circular in shape and the edges of the colonies are
smooth, and they have a convex elevation on the tryptic soy
agar (TSA) (Figure 2) and biochemical characteristics appear
the isolate negative result for oxidase test and Positive for
catalase test, as well as conventional techniques.

Figure 2. Growth of the Bacillus thermoamylovorans on
optimal TSA medium

The isolated Bacillus strains were classified into three
species: Bacillus subtilis (12%), Bacillus amyloliquefaciens
(4%), and Bacillus thermoamylovorans (2%). The
identification process was further validated using the VITEK
2 automated system, which provided rapid and accurate results
that gave a 91% probability to diagnostic Bacillus
thermoamylovorans (Table 2). This system is known for its
high reliability in identifying both Gram-positive and Gram-
negative bacteria, confirming the effectiveness of the methods
employed. Each isolated strain was tested against
uropathogenic bacteria to evaluate its antibacterial activity.



Table 2. VITEK 2 automated system for Bacillus thermoamylovorans

Biochemical Test Code Reaction (+/-) Biochemical Test Code Reaction (+/-)
ProA 8 ) PheA 7 )
LeuA 5 ) AspA 4 )
LysA 3 ) BXYL 1 )

BNAG 14 ) TyrA 13 )
AlaA 12 -) AGAL 11 )
PyrA 10 ) BGAL 9 -)
MdG 24 -) INO 22 )

GLYG 21 ) dGAL 19 -)

CDEX 18 ) AppA 15 )

dMAN 31 ) GlyA 30 )
MTE 29 ) AMAN 27 )
MdX 26 ) ELLM 25 )

BGLU 41 ) IRHA 39 -)
PLE 37 ) NAG 36 -)
dMLZ 34 -) dMNE 32 +)
dTRE 48 -) dTAG 47 -)

AGLU 46 ) PVATE 45 )
PHC 44 ) BMAN 43 (-)
KAN 59 ) NaCl 6.5% 58 (-)

PSCNa 56 ) dRIB 54 )
dGLU 53 +) INU 50 )

POLYBI1 63 ) TTZ 62 )
ESC 61 () OLD 60 (-)

Table 3. Antibacterial activity of Bacillus spp. (crude extract) on pathogenic bacteria

. Type of Bacteria

Bacillus spp. S. aureus P. aeruginosa E. coli K. pneumonia L.S.D.

B. amyloliquefaciens B9 51.66+1.20 50.67 +£0.67 53.33£1.76 72.00 £ 1.52 8.02 *
B. subtilis B20 69.00 +4.93 7533+£291 8233+ 145 63.00 £2.08 8.94 *

B. subtilis B16 73.33+£0.88 71.00 £ 1.00 82.33+1.45 81.33+1.76 7.63 *

B. subtilis B19 81.00 +2.31 53.00 £ 1.53 64.33 £0.88 79.66 +1.20 9.36 *

B. thermoamylovorans B21 90.66 + 0.67 79.00 +£2.08 91.66 +0.88 96.00 = 1.00 7.69 *
B. subtilis BS 56.33 +1.20 36.00 £2.08 82.33+1.85 80.33 +£2.73 10.77 *

B. amyloliquefaciens B3 81.67 +£2.33 66.00 +2.31 83.67+1.76 67.33+1.45 8.63 *
B. subtilis B2 75.33+£1.20 57.66 + 1.45 90.33 +1.45 47.00+1.73 10.26 *

B. subtilis B4 65.00 £ 1.00 51.67 +£1.66 50.33 £2.60 48.33£2.96 8.51 *

L.S.D. 1137 * 10.84 * 10.79 * 11.02 * ---
* (P <0.05)

Figure 3. Identification of Bacillus thermoamylovorans by
the 16S gene
The PCR product of 1500 bp was run alongside the DNA ladder on gel 1%
agarose at 100V for 45 min. Visualized under UV light, the bands were: 1:
Isolate of Bacillus thermoamylovorans, M=100 bp DNA ladder (transgen
biotech) used as a DNA marker.

The isolation was also diagnosed using 16S rRNA

sequencing, where this technique was used to accurately
identify species through gene sequence analysis (Figure 3). In
a previous study, 16S rRNA sequencing was utilized to
identify different species of Bacillus, including Bacillus
thermoamylovorans, which showed a genetic similarity of
93.9% with other species such as Bacillus thermolactis.

All Bacillus isolates demonstrated antibacterial properties;
however, isolate B21 exhibited the most significant activity
against uropathogenic strains except for the two isolates B16
and B4 (Table 3 and Figure 4).

3.2 Growth optimization of thermophilic bacteria, Bacillus
thermoamylovorans

The bacterial isolate was cultivated in various culture media,
showing the highest growth on tryptic soy broth and the lowest
on Nutrient Broth. Therefore, identifying the optimal medium
is crucial for enhancing antibacterial production (Figure 5(a)).
Regarding pH, the optimum was found to be 7, as the initial
pH of the medium is a significant factor in promoting
microbial growth. Notably, the highest growth and production
of antimicrobial compounds occurred at this pH compared to
other values (Figure 5(b)). The isolate exhibited optimal
growth at a temperature of 50°C, demonstrating its



thermophile nature and ability to form spores, which facilitates
the production of antibacterial compounds within the
temperature range of 37-50°C. It was unable to grow at 30°C
(Figure 5(c)). Additionally, while the isolate grew at all
glucose concentrations tested, the optimal concentration for

carbon source utilization in antibacterial compound
production was found to be 4% (Figure 5(d)). The period for
producing pharmaceutical materials was determined to be 96
hours, which was more effective than other durations used in
this study (Figure 5(e)).
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Figure 5. (a) Different media affect the antibacterial activity
of Bacillus thermoamylovorans; (b) Different pH values
affect antibacterial activity; (c) Different temperatures affect
activity; (d) Effect of different concentrations of glucose; (¢)
Antibacterial activity in various incubation periods

H 144H

3.3 Extraction and purification of the active compounds

The strain was cultivated in tryptic soy broth at 50°C with a
5% inoculum for four days, conditions that align with the
optimal growth parameters for B. thermoamylovorans, this
bacterium thrives at elevated temperatures, which enhances its
metabolic activity and the production of bioactive compounds,
including antimicrobial metabolites, while the filtration
through filter paper Whatman No. 1 followed by 10,000 rpm
centrifugation for 20 min effectively separated the cellular

debris from the culture broth, allowing for the recovery of the
supernatant that contains soluble metabolites.

This step is crucial for isolating compounds that may exhibit
antibacterial activity, and the extraction method employed
culture filtrate and ethyl acetate (1:1) in an equal volume,
which is a common practice for isolating non-polar and semi-
polar compounds. when the evaporation of the ethyl acetate
layer at 50°C yielded approximately 1.8 g of brown crude
extract. The purification was conducted using column
chromatography of silica gel, as described in the study [16].
Silica gel with a mesh size of 60—120 was utilized to pack the
column, which is essential for effective separation of
compounds due to its high surface area and porosity, and
methanol was chosen as the eluting solvent.

The eluted fractions were collected in tubes placed at the
bottom of the column, and subsequent analysis focused on
identifying the most active fractions, which would likely
contain the desired antimicrobial compounds. Following
purification, the identified fractions were analyzed using GC-
MS, specifically employing an Agilent Technologies 6890-
5973 N system. This system is renowned for its sensitivity and
accuracy in identifying volatile and semi-volatile compounds.
The TG-5 ms Phenyl Methyl Siloxane capillary column (30 m
x 250 pm % 0.25 pm) was used for separation, which provides
excellent resolution for complex mixtures. After the
purification process using a silica gel Column, 60 tubes of 5
ml each were collected, and their effectiveness against
uropathogenic bacteria was tested after drying, then dissolved
in DMSO (1%) to prepare a concentration of 500 pg/ml (Table
4 and Figure 6).

Table 4. Antibacterial activity of fractions against test bacteria

Fraction

Type of Bacteria

(500 pg/ml) S. aureus P. aeruginosa E. coli K. pneumonia L.S.D.
F10 89.67 +£0.88 71.00 +2.64 32.00+1.52 7233 +1.45 7.51 %
F11 12.00+ 1.52 15.00 +2.64 10.66 + 0.67 10.66 +1.76 4.57 NS
F12 54.33 +£2.33 7.66 +1.45 1233 +£1.45 4.00 +£2.08 11.38 *
F13 45.67 £2.96 8.66 £1.85 23.66 +2.33 2333 +0.88 9.77 *
F14 43.67+2.03 37.00 £2.51 33.00+2.51 37.33 +£4.05 7.41 *
F15 83.33+1.76 81.66 +1.67 73.33+£1.76 86.00 +£2.31 7.92 *
Fl6 77.00+1.73 69.33+2.40 7233 +1.85 70.66 +1.20 6.98 *

L.S.D. 13.27 * 14.55 * 13.64 * 16.55 * ---

Values are means +SD of triplicate measurements
* (P <£0.05), NS: Non-significant.

Table 5. Active compounds identified in each fraction using GC-MS

Molecular Molecular
Compound Name Area %  Fraction Weight Biological Importance
Formula
(g/mol)
9-Octadecenoic acid, (E) (Oleic Cardioprotective, anti-inflammatory,
acid) 31.89 F10 CisHs40: 282.461 antimicrobial, and skin health support.
27 88 F10 Anti-inflammatory, Anticancer,
Cis-vaccenic acid ) - CisH3402 282.5 cardioprotective, improves immune
35.15
F16 response, lowers cholesterol.
. . Antioxidant, anti-essential fatty acid,
9,12—Octad§cad1§n019 acid (2,2) 16.87 F10 CisH3202 280.4 supports cell membrane integrity, anti-
(Linoleic acid) . .
inflammatory, anticancer.
Ascorbic acid (Vitamin C) 1406 FIOFL oo 176.12 Immune system support, Potent antioxidant,
F12 anticancer adjunct, tissue repair.
Membrane disruption; antimicrobial
1-Decanol, 5,9-dimethyl- 13.38 F16 C12H260 186.33 potential, used industrially in coatings,
solvents.
Hexadecanoic acid, 2-hydroxyl- . S L .
1-(hydroxymethyl) (Hydroxy 15.16 F11 Ci9H3304 330.502 Skin moisturizer, antioxidant properties,

palmitic acid)

and anti-inflammatory.
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Pentadecanoic acid 12.26 F13 C15H3002
Dibutyl Phthalate 10.84 F14 Ci16H2204
Diethyl Phthalate 11.77 Fl14 C12H1404

(E)-9-Octadecenoic acid ethyl
ester (Ethyl oleate) 8.89 F10 C20H3302
Dodecanoic acid, 9-decen-1-yl 3.46 F10 C1sH3Os
ester (Decenoate ester)
10,13-Octadecanoic acid, methyl 753 Fl11 C1oH340s
ester
9-Eicosene, (E)- 7.12 F14 C20Ha40
Tetradecan01c_ac1d (Myristic . Fl4 Ci4Hos0s
acid)
Tetradecane 5.08 F12,F14 Ci4Hs0
Undecane 5.47 F12 CiiH24
Dodecane 5.84 F11,F12 Ci12Hze

Anticancer activities and anti-

242.40 .
inflammatory.
Developmental effects and plasticizer,
278.34 possible reproductive, environmental, and
human health concerns.
Endocrine disruption and reproductive
222.24 effects. Used as a plasticizer; possibly, a
potential environmental pollutant.
Enhances bioavailability of oleic acid, Anti-
310.5 inflammatory, used in pharmaceutical
formulations.
2825 Membrane disruption in bacteria.
’ Antimicrobial fatty acid ester.
2945 Used in lipid formulations. Exhibits
) antibacterial effects.
Minor bioactivity possible, pheromone in
280.5 . . . ;
insects, used in chemical ecology studies.
Antifungal and Antibacterial, used in the
228.37 . \
food industry. and cosmetics.
Industrial applications: Used in solvents,
198.39 . : . . .
with minor biological activity.
156.31 Membrane interaction, hydrophobicity
: affects, and industrial solvent.
170.33 Acts as a solvent, mild antimicrobial

effects/membrane fluidizer.

B S.aureus ® P.aeruginosa = E .coli ®K. pneumonia
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@
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g
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=
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Figure 6. Antibacterial activity of fraction tubes against
uropathogenic bacteria

Additionally, an analysis of the nature of the compounds in
tubes 10-16 was conducted using GC-MS, which identified the
nature of the antibiotic compounds, as detailed in Table 5.

4. DISCUSSION

The successful isolation of Bacillus spp. was confirmed
using advanced identification techniques, including the
VITEK 2 system and 16S rRNA sequencing, alongside
morphological and biochemical analyses (Table 2) [16]. This
multi-level approach provided accurate identification of the
isolate and ensured the reliability of subsequent experimental
results.

Notably, Bacillus thermoamylovorans exhibited a broader
antibacterial spectrum against Gram-negative than Gram-
positive bacteria. This may be attributed to structural
differences, as Gram-negative bacteria possess an outer
membrane enriched with lipopolysaccharides (LPS), which
act as an additional barrier limiting the entry of antimicrobial
agents. To further clarify these interactions, future studies

2034

should examine the molecular binding of fatty acids such as
cis-vaccenic acid with bacterial LPS. Understanding these
mechanisms could contribute to optimizing the therapeutic
potential of natural antimicrobials.

The findings are consistent with previous reports indicating
that Bacillus species synthesize a wide range of antimicrobial
metabolites, including lipopeptides, fatty acids, and
bacteriocins, with broad inhibitory effects on pathogenic
bacteria [17]. These compounds act through multiple
mechanisms, such as disruption of membrane integrity,
inhibition of peptidoglycan biosynthesis, interference with
bacterial metabolism, induction of oxidative stress via ROS
production, and inhibition of DNA replication and repair.

Cultivation of the isolate under optimized conditions
promoted the production of bioactive metabolites, as reported
in earlier studies [18]. Ethyl acetate proved effective in
extracting secondary metabolites, particularly phenolic acids
and flavonoids, which are known for their antimicrobial
activities [19]. Partial purification using silica gel column
chromatography allowed the separation of these compounds,
and fractions 10—16 exhibited strong antibacterial activity,
with the highest effects recorded in tubes 13—16. The variation
in antibacterial activity among the fractions likely reflects
differences in compound concentrations and structural
characteristics, which influence their ability to interact with
bacterial cell walls and intracellular targets [20, 21].

Further analysis of the active fractions using GC-MS
identified diverse bioactive metabolites (Table 5). The major
constituents included unsaturated fatty acids such as oleic acid,
vaccenic acid, and linoleic acid, which are well documented
for their antimicrobial, anti-inflammatory, antioxidant, and
cardioprotective properties. Their main mode of action
involves disrupting microbial membranes and increasing
permeability, leading to cell lysis. However, their clinical
application is limited by poor aqueous solubility and
environmental instability; thus, novel delivery systems such as
nanoemulsions and liposomes have been proposed to enhance
their therapeutic potential [22-24].

Saturated fatty acids (e.g., pentadecanoic acid, myristic acid)
were also identified, displaying antibacterial and antifungal
properties. At higher concentrations, however, they may



interfere with host lipid homeostasis, which restricts their
practical application [25]. In addition, fatty acid esters such as
ethyl oleate and decenoate ester were detected; these
compounds are important for enhancing the bioavailability and
stability of their parent fatty acids, and they have been
incorporated into pharmaceutical formulations for improved
therapeutic outcomes.

Another important metabolite, ascorbic acid (vitamin C),
was detected in several fractions and is known for its
antioxidant capacity, immune modulation, and synergistic
effects with antimicrobial agents [26]. Conversely,
compounds such as dibutyl phthalate and diethyl phthalate
were considered undesirable contaminants, given their
endocrine-disrupting and reproductive toxicity effects [27].
Likewise, alkanes (tetradecane, undecane, dodecane)
exhibited only minor biological activity, mainly acting as
solvents or metabolic byproducts.

Among all identified compounds, cis-vaccenic acid was
particularly significant, constituting up to 66% of the
composition in fraction 15. This fatty acid showed pronounced
antibacterial activity, especially against urinary tract
infection—associated pathogens. Its mechanism is multifaceted,
involving direct membrane disruption, inhibition of biofilm
formation, enhancement of antibiotic efficacy, and
interference with bacterial quorum sensing [27-29]. These
combined activities highlight cis-vaccenic acid as a promising
natural antimicrobial candidate for further research.

In summary, the results demonstrate that Bacillus
thermoamylovorans produces a diverse range of bioactive
compounds, with fatty acids representing the dominant
antimicrobial metabolites. Their broad mechanisms of action,
natural abundance, and relative safety emphasize their
potential in developing alternative therapies against
multidrug-resistant pathogens. However, challenges such as
solubility, stability, and cytotoxicity must be addressed
through formulation strategies and further mechanistic studies
to realize their clinical and industrial applications.

5. CONCLUSIONS

This study highlights Bacillus thermoamylovorans as a
promising source of novel bioactive compounds, derivatives
of fatty acids, for combating antibiotic-resistant pathogens. By
these compounds the potent antibacterial activities
demonstrated, combined with lack of cross-resistance, their
novel structural profiles and emphasize their potential utility
in the development to address the global challenge of
antibiotic resistance of new therapeutic agents. An important
foundation this work lays for future mechanism of action
studies, biochemical characterization, and potential
pharmaceutical applications.
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