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Abstract
The current work was carried out to investigate serine enantiomers in bacterial cells. The bacteria isolated
from the pomace dumping soil site (bacteria id A1C1) showed maximum growth (O.D600 = 1.97±0.4 X

109cells/ml) within 48h in the minimal salt media supplemented with L-serine. The isolated strain was
identi�ed as ‘Bacillus tequilensis’ through 16sRNA sequencing. The study’s peculiarity re�ects the fact
that the isolated strain was explored for the �rst time to detect the presence of serine enantiomers. The
strain was quanti�ed for D-serine content by using RP-HPLC. The D-serine concentration was calculated
as 0.919±0.02 nM in the bacterial cellular fraction by using a standard curve plot and linear curve
equation. Further, recovery % was also calculated for the spiked samples which vary from 85-90%. The
optimum growth parameters were recorded as 37℃±0.5, 150±0.5 RPM, and 7±0.5pH. The strain was
Gram-positive, rod shape, large, irregular, off-white-coloured, and synthesized endospores. A1C1 showed
positive results (within 14±2h of incubation) for indole production, lactose fermentation, and protease
(0.9 mm, clear zone). The antibacterial assay showed 5% and 2% e�cacy of the extracellular fraction
against MTCC 40 and MTCC 11949 respectively within 12h of incubation. These results demonstrate that
Bacillus tequilensis A1C1 has antibacterial activity, the potential to secrete extracellular enzymes, and D-
serine content in the intracellular fraction of the cultivated cells. Given results demonstrate the industrial
signi�cance and implication of the isolated strain for the synthesis of commercially valuable products.

Key Points
Isolated strain is identi�ed as Bacillus tequilensis A1C1.

The strain can secrete extracellular enzymes and has antibacterial activity against MTCC 40 and
MTCC 11949.

The concentration of D-serine in the bacterial intracellular fraction is 0.919±0.02 nM.

Introduction
In the past years, the scienti�c fraternity has been attracted to D-serine due to its signi�cant role in
mammals [1, 2]. D-serine is a well-studied and recognized regulator of various activities in the human
nervous system [3, 4]. In the brain, D-serine is known as a co-agonist of the primary N-methyl D-aspartate
(NMDAr) receptor, which upon binding to it effectuates NMDAr mediated signaling between nerve cells [5,
6]. Moreover, their important role has also been witnessed in shaping synaptic plasticity [7]. D-serine
levels above or below the scale have been documented to contribute to causing neurological
complications [8]. In plants, D-serine acts as an effective agonist of glutamate receptors, which function
to control the nitrogen cycle and growth of pollen tubes [9].

Moreover, in a terrestrial environment, 3-7% of total serine is present in soil [10], 5-10% of total serine in
rivers [11], and 4% of total serine in lakes [12]. Few bacterial strains are reported to synthesize D-serine,
for instance, vancomycin-resistant Enterococcus gallinarum BM4174 [13], marine heterotrophs:
Cytophaga sp. IRII13, Erythrobacter longus, Roseobacter litoralis, Pseudoaltermonas piscidia, freshwater
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heterotrophs: Acidovorax sp., Comamonas sp., Cytophaga sp. [14] and anaerobic archaeon
hyperthermophilic: Pyrobaculum islandicum, methanogenic: Methanosarcina barkeri, hyperhalophilic:
Halobacterium salinarium [15], purple bacteria such as Paracoccus denitri�cans, Pseudomonas
aeruginosa, and Escherichia coli [16]. Interestingly, serine diastereomers are also reported to be present in
antimicrobial peptides [17], siderophores [18], bacterial lipopeptide biosurfactants [19, 20], and bacterial
peptidoglycan (PG) [21].

D-serine has biological importance and its biosynthetic pathway has been greatly studied. Serine
racemase (SR, EC.5.1.1.18) is a multifunctional, pyridoxal 5-phosphate (PLP) dependent enzyme
responsible for the synthesis of D-serine from L-serine through racemization [22, 23]. SRs genes have
been found in both prokaryotes and eukaryotes and are being investigated for their enzymatic
properties/activities [24]. Howbeit, our knowledge in the case of prokaryotic SRs is still constrained. For
instance, the synthesis of D-serine in marine heterotrophs is unstable and inhibits the bacterial growth of
Roseobacter litoralis Och 149 [25]. In Enterococcus gallinarum BM4174, Alanine racemase is known to
synthesize D-serine which is the further precursor of PG of this Gram-positive bacteria [13]. Peptide-
linkages in Gram-positive bacteria PG vary considerably and are not con�ned to D-glutamate and D-
alanine as they are in Gram-negative strains, but also include D-serine, D-aspartate, and D-ornithine [26].
Some Gram-positive Bacillus is also reported to produce D-serine in their lipopeptide biosurfactants [19,
20].

In the present study, while investigating the distribution of serine enantiomers in bacterial strains,
“Bacillus tequilensis” is found to possess D-serine in its various cellular fractions. Previously, Bacillus
tequilensis strains have been shown to synthesize lipopeptide biosurfactants [27], possess �brinolytic
activity [28], antifungal activity against Magnaporthe oryzae [29], pectinase activity [30], and alkaline
protease activity [31]. Albeit, the potential of D-serine synthesis has not been reported in the Bacillus
tequilensis strains. This is the �rst-ever report of the exploration of “Bacillus tequilensis” in the context of
serine diastereomers.

Material And Methodology
Site description and sample collection

Soil samples were collected from the native land of North India covering Himachal Pradesh (H.P), Punjab,
and Jammu & Kashmir (J&K) during the period of July-October 2018. From each zonal area, various
districts were explored for the selection of soil samples (Table S1) used in the given study. Soil samples
were collected from the mountainous-zone of Himachal Pradesh district Bilaspur (31°46’25.02” N
76°78’55.34” E) temperature ranges from 28.4±2°F (min) to 113°F±2°F (max), district Hamirpur
(31°37’27.14” N 76°34’9.25” E) temperature ranges from 33.8±2°F (min) to 116±2°F (max) and district
Solan (30°50’13.79” N 76°57’41.13” E) temperature ranges from 25.5±2°F (min) to 102.2±2°F (max) of
Himachal Pradesh, India. From the sub-tropical climate of Jammu & Kashmir district Srinagar (34°5’1.17”
N 74°47’50.53” E) temperature ranges from -4±2°F (min) to 103.1±2°F (max) and district Mohali
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(30°42’16.73” N 76°43’4.34” E) of Punjab, India, temperature ranges from 34±2°F (min) to 117±2°F (max).
Soil samples were collected from the rhizosphere region from the depth of 15cm in a sterile sample
collecting vials and preserved at 4°C until use. 

Isolation and screening of bacterial isolates

Each soil sample was serially diluted with autoclaved water under sterile conditions using laminar air�ow.
The dilution containing 106 colonies forming units (CFU) per gram of soil was used to spread on plates
containing M9 minimal salts media plates and incubated at 37℃ for 24h. Primary screening was done
by using M9 minimal salts media containing 0.5% L-serine as a sole nitrogen source. M9 minimal salts
media (1 litre) was prepared with KH2PO4, 2.44g; Na2HPO4, 5.57g; Na2SO4, 2g; KCl, 2g; NH4Cl, 5g; NaCl,
1g; MgCl2, 0.2g; FeCl3, 0.001g; CaCl2, 0.003g; MnCl2, 0.02g; 0.5% Glucose, 0.5% L-serine and sterilized by
autoclaving with 15lb pressure at 121℃ for 10min to avoid caramelization of glucose. All the chemicals
were lab-grade purchased from HiMedia Laboratories LLC. The secondary screening was done to pick up
the potent strain showing maximum growth on the M9 minimal salts media by using L-serine and PLP. A
positive culture was selected and repeatedly streaked on a nutrient agar plate to obtain single and pure
culture and preserved at 4℃ for future use.

Hemolysis of blood cells

A Biosafety of the isolated strain was con�rmed on a blood agar medium containing human blood 5%
v/v. Dilution containing 106 CFU of fresh culture was swab aseptically on the blood agar plate and
incubated at 37℃ for 48h. Hemolysis of red blood cells was observed to ensure the biosafety level of the
isolated strain.

Molecular, biochemical, and morphological identi�cation

The morphological features of the culture strain were examined on a nutrient agar medium. Another
biochemical and physiological characterization was carried out in compliance with Bergey’s Manual of
Systematic Bacteriology [32]. For molecular characterization, a PCR was conducted to amplify the 16S
rRNA gene from the genomic DNA extracted from the culture strain and compared with the existing 16S
rRNA sequences from an online database NCBI using BLASTn [33]. Further, the evolutionary analysis and
phylogenetic tree were constructed using BLAST software by using the Maximum Likelihood method. The
acquired nucleotide sequence was deposited into the GenBank database under an accession number.

Determination of enzymes and metabolites

The isolated culture strain was tested for the production of chitinase described elsewhere [34], cellulase,
protease, and IAA production [35], gelatinase production (Bose et al., 2014). The antibacterial potential of
the isolated strain was evaluated by using Agar well diffusion method. MHA (Mueller Hinton Agar) was
used as a supporting culture medium for test organisms [37]. Freshly overnight incubated MTCC 11949
and MTCC 40 bacterial cultures were used as test organisms for the assay (O.D ≤0.1 at 600 nm).
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Antibiotic (Penicillin-10mcg and Ampicillin-10mcg) was used as a positive control in the assay and zone
of inhibition was measured in mm. The MHA plate was inoculated by using a sterile cotton swab to
spread desired amount (100ul) of the test organism (O.D ≤0.1 at 600nm) across the entire agar surface.
Then, using a cork borer or an auto-pipette tip (1ml), a well with a diameter of 6-8mm was aseptically
punched. Aseptically, desired amount (200ul) of the test sample was introduced into the well. For
antimicrobial activity, two cellular fractions were synthesized. Then, carefully transfer the assay plates
into an incubator (37°C) and observe after the overnight incubation period. The test sample diffuses in
the agar medium and inhibits the growth of the test organism which was measured in terms of zone of
inhibition.

Cellular fractions- Initially, overnight incubated culture media was centrifuged at 10,000 RPM for 10min at
4℃. The supernatant was collected and labeled as an extracellular fraction. The pellet obtained from the
previous step was washed twice with 1X PBS buffer (pH 7.4) and centrifuged to remove any media
residues. Then obtained pellet was sonicated (Labman probe sonicator) after mixing with 500uL of lysis
buffer (100 mM Tris HCL, 150 mM NaCl pH-8.0). Then cell lysate was centrifuged at 15,000 RPM for
15min at 4℃. From the homogenate, the supernatant was collected and labeled as an intracellular
fraction. 

Chromatographic analysis of the enantiomers

Sample preparation - For D-amino acid (D-AAs) determination, both the cellular fractions (the detailed
methodology is given in the “Determination of enzymes and metabolites” section) were separately dried
in the centrifugal evaporator, suspended in 6M HCL, and hydrolyzed for 20h at 100℃ in storage vials
with screw caps, to liberate amino acids [38]. Then cellular fractions were immediately placed into cool
water to terminate hydrolysis and centrifuged to remove any precipitates formed during hydrolysis.

TLC- Thin layer chromatography (TLC) was performed on an aluminum TLC Silica gel 60 F254 (20 X
20cm, Merck, Darmstadt, Germany) plate. TLC plates were pre-activated at 110°C for 5 min before
application. A 30 ul portion of the sample was applied to the TLC plates. The plates were developed in
potassium dihydrogen phosphate buffer (40mM, pH-12)-methanol-acetonitrile (20:70:10 v/v) at room
temperature. Then plates were dried and kept at 110°C for 5 min for post-developmental treatment. 0.2%
ninhydrin in acetone was used as a visualizing agent. The colored spot was scraped off the TLC plate
and extracted with methanol-water (1:1, v/v), and dried in a vacuum evaporator for further analyses in
HPLC. RF value of the separated spots was calculated by using L-serine as a reference compound and the
given formula:

Rf =
Distancetravelledbysample
Distancetravelledbysolvent

RP-HPLC- For the HPLC analysis, reverse-phase C-18 column (Agilent, C-18, 250 X 4.6mm, 5um) and
Agilent (1220 In�nity II LC) HPLC system. Gradient elution was applied as described elsewhere with
further modi�cations [25]. The solvent system was set as: A. sodium acetate (pH 6.5, 40mM); B.
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methanol: acetonitrile (30:70). The programme was set as follows: 10% B for 10 min; 10%-35% B for 10
min; 35% B for 10 min; 35%-60% B for 10 min; 60% B for 10 min. Total run time was set for 40 min at the
�ow rate of 1.0 ml/min. The amount of D-and L-enantiomers of amino acids was analysed based upon
the peak area obtained after the HPLC run. A known concentration of derivatized L- and D-serine were
used as calibration standards. For derivatization, into 30 µL of sample 20 µL of OPA/IBLC derivatizing
agent was added to form diastereomers [39]. All the chemicals used were of chromatographic grade
purchased from HiMedia Laboratories LLC.

Statistical analysis

The experiment was repeated three times and p<0.05 was considered as the statistical signi�cance of the
data. PRISM version 5.02 was used to draw graphs. Two-way ANOVA was used to calculate the Mean±
SD of three independent values.

Results
Isolation and screening of bacterial isolates

Initially, D-serine-producing microbes were isolated on an M9 minimal salt medium containing L-serine as
a nitrogen source. In Total 9 potent different colonies (given as b-Ca2C3, c-Rm2C2, d-Rm2C3, e-A1C1, f-
A1C2, g-Ca1C1, h-Ca1C2, i- G1, j-K1) (Fig S1) were isolated from different sites (Table S1) in the period
between August 2018-October 2018. The average high/low temperature was recorded for Bilaspur
100°F/75.2°F, Hamirpur 98.6°F/75.2°F, Solan 69.8°F/62.6°F, Mohali 93.2°F/75.2°F, Srinagar 86°F/48.2°F.
Among, all the isolates A1C1 showed maximum activity (O.D600 – 1.97±0.4x109 cells/ml) even after 48h
of incubation at 37±0.5℃ (Fig.1). The assay was performed in triplicates (n = 3).

Hemolysis of blood cells

The pathogenic behavior of the isolated strain was performed on the test medium supplemented with
human blood 5% v/v and con�rmed by the hemolysis of RBCs. Bacterial isolate was observed for 5 days
of incubation at 37±0.5℃. No signi�cant changes were observed during the incubation time.

Molecular, biochemical, and morphological identi�cation

The 16s rRNA sequence analysis of the isolate A1C1 con�rmed its close relationship to Bacillus
tequilensis. Similarity score analysis was conducted for A1C1 (sequence of 1400bp length) against
different species that belongs to genus Bacillus. Results showed a 99.93% similarity index to Bacillus
tequilensis KCTC 13622(T) (accession no. AYTO01000043). The next closest homolog was Bacillus
cabrales TE3(T) (accession no. MK462260) similarity index 99.86% and Bacillus inaquosorum KCTC
13429(T) (accession no. AMXN01000021) similarity index 99.86% (Table S2). BLASTn analysis of A1C1
also gave numerous hits (Table S3) and showed its close relationship with Bacillus tequilensis B12-Q-2
(accession no. OK325875.1) and Bacillus subtilis LSRBMoFPIKRGCFTRI23 (accession no. MT133330.1).
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To infer the evolutionary relationship between nearby homologs, a phylogenetic tree was also constructed
which showed the sister descendant i.e., Bacillus tequilensis KCTC 13622(T) (accession no.
AYTO01000043) Fig. 2.

Biochemical and physiological properties of A1C1 isolated from the soil of a pomace dumping site in
Solan, H.P were also identi�ed and summarised in Table 1. The temperature assay showed growth of the
isolated bacteria on a temperature range from 20-50℃ and optimum growth observed at 30-40℃. The
pH assay showed growth ranges from 4-10pH and optimum growth observed at 6-7pH, at 150 RPM. The
isolated strain was recorded positive for the triple sugar iron test but no black precipitate was observed.
A1C1 was found motile and able to ferment lactose, indole production, and grow in MRS broth. A1C1 was
reported negative for starch hydrolysis, urease production, MR-VP test, citrate utilization, and cellulose
hydrolysis. The isolated strain was also compared with standard strain and other reported Bacillus
tequilensis strains. A1C1 showed maximum similarity to the standard strain Bacillus tequilensis 10bT.

Morphological characteristics of A1C1 are shown in Fig.3. The isolated strain was Gram-positive and
tend to form spores. A1C1 was also viewed under Scanning electron microscopy (SEM) and observed as
columnar. The cultured colonies were large, spreading, and irregular in shape. Combined with all the
morphological, biochemical, and molecular characterization, A1C1 was designated as Bacillus
tequilensis. In addition, 16S rRNA partial sequence was submitted to the GenBank with accession no.
MZ337537 as Bacillus tequilensis A1C1 (Bacillus tequilensis strain A1C1 16S ribosomal RNA gene,
partial sequence - Nucleotide - NCBI (nih.gov)).

Determination of enzymes and metabolites

The isolated strain showed hydrolysis in selected mediums depicted in Fig. 4. The hydrolyzing potential
of the strain was observed for up to 5days at 37±0.5℃. A1C1 was growing well on all the mediums but
displayed a clear zone of hydrolysis surrounding the colony only in protease and gelatine medium. Which
indicated A1C1 could secrete proteolytic and gelatine hydrolyzing enzymes. A zone of hydrolysis has
appeared after 14h of incubation at 37±0.5℃. A1C1 was unable to hydrolyze cellulose, pectin,
phosphate, and IAA production.

Active secondary metabolites and cell wall degrading enzymes are present in many biological control
agents. As a result, the isolated strain was also investigated for its potential to be used in the synthesis of
antimicrobial agents. Bacterial cellular fractions were used to evaluate the antimicrobial potential of
A1C1. The extracellular fraction was found to be more active against MTCC 40 (4.6±0.5 mm) and MTCC
11949 (2.3±0.5 mm) as compared to the intracellular fraction and is summarised in Table S4. The zone
of inhibition of both the fraction is shown in Fig 5.

The zone of inhibition was observed 5mm against Escherichia coli (MTCC 40). The zone of inhibition
was observed 2mm against Staphylococcus aureus (MTCC 11949). Further, from the visible clear zone,
the sample was taken and streaked on another agar plate which showed that the extracellular fraction
had bacteriostatic activity. E�cacy of the extracellular fraction was also compared with the standards

https://www.ncbi.nlm.nih.gov/nuccore/MZ337537
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and values enumerated in percentage (%). From the experiment, it was observed that against MTCC 40,
the e�cacy values of the test samples were given as 18% for ampicillin, 17% for penicillin, and 5% for the
bacterial extracellular fraction. For MTCC 11949, the e�cacy values of the test samples were given as
15% for ampicillin, 14% for penicillin, and 2% for a bacterial extracellular fraction.

Chromatographic analysis of the enantiomers

The method described here for TLC was applied successfully to separate the amino acids present in both
the cellular fractions. The coloured spots obtained after spraying ninhydrin solution and the RF value of
each spot are calculated and shown in Fig 6. The solvent system was designed carefully to maintain the
pH and to separate polar amino acids. For TLC, L-serine was used as the reference standard and
developed a purple-pink chromatographic band with RF value 0.51±0.015.

The intracellular fraction was separated into three different chromatographic bands b1(Rf -0.55±0.005),
b2 (Rf -0.62±0.010), and b3 (Rf -0.73±0.017). The extracellular fraction was separated into three
chromatographic bands c1(Rf -0.48±0.015), c2 (Rf -0.62±0.005), and c3 (Rf-0.65±0.011).
Chromatographic bands b1 and c1 showed Rf values near to the standard l-serine chromatographic band.
For HPLC analysis methodology described by Kubota et al., 2016 was adopted and used after
modi�cations insolvent system. The obtained chromatograms were shown in Fig. 7.

Under the optimal reaction conditions, a linear calibration curve (peak area versus concentration) (Fig. 8)
was obtained over a concentration range of 5nM to 30nM (Table S5) of the standard D-Serine containing
5, 10, 20, 30nM. The correlation coe�cient was found to be 0.9895. The standards for the linearity curve
were prepared by adding the derivatizing agent to the std. the solution as discussed above in
methodology.

The bacterial sample was analyzed using the above-mentioned HPLC method. The quanti�cation of the
target analyte (D-Serine) was done using the linear curve equation (y=mx+c). The concentration was
found out to be 0.919±0.02 nM. Further, the validation of the obtained results has been carried out by
performing the recovery test. For this, the analyzed sample with the known concentration of D-Serine was
spiked with different concentrations of standards i.e., 5nmol, 8nmol, and 10 nmol. The chromatogram for
the spiked sample of D-serine by adding 8 and 10nM is given in Fig. S2. The obtained results were
tabulated in Table 2. The recovery of the spiked samples varies from 85 to 90%.

Discussion
Molecular/genetic markers have enormous potential for exploring the emergence and transformations of
organic material, but for quantitative applications, it is essential to comprehend the biological sources
and diagnostic reactivity of biomarkers. D-AAs are important components of the bacterial cell walls,
making them valuable molecular/genetic markers for bacterial-derived organic material in the
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surrounding environment [14]. In the past few years, shreds of evidence have been reported in the context
of the presence of free D-AAs such as D-aspartate and D-serine in prokaryotes and eukaryotes [24].

The present study enumerates the enantiomeric distribution of serine in the bacterial domain. For the
same, screening of bacteria that grown well in a medium containing L-serine as a sole nitrogen source
was done. The reason for the analysis of these enantiomers was to select the potent microbial strain
capable of synthesizing serine racemase (SR). The racemization is the process of converting an optically
active compound into a racemic form (containing L&D forms) and racemases are the biologically active
molecules required for the synthesis of diastereomers [40]. D-serine is synthesized from L-serine by PLP
dependent serine racemase and is reported to be present in eukaryotes as well as prokaryotes [24]. The
growth was observed for up to 48h of incubation at 37℃. The strain A1C1 isolated from the soil, Solan
(H.P) showed maximum growth among all the isolates. The isolated strain grew well at 37±0.5 ℃, 150
RPM, pH 7±0.5, was motile, able to ferment sugar, positive for indole test, and grown on MRS broth
medium. In addition, morphologically the strain was Gram-positive, rod-shaped, irregular, whitish, and
enlarged colonies able to synthesize spores. Bacillus species are reported to remain in the dormant state
for years in the form of endospores and can survive in extreme temperatures, radiations, desiccation, and
antibiotic stress. This resistance helps them to survive in a controlled environment for years [41].

Moreover, molecular analysis showed the close relation of A1C1 to genus Bacillus tequilensis. Hence
under all the observations, the isolated strain was named Bacillus tequilensis A1C1 and submitted in
GeneBank (accession no. MZ337537). The Genus Bacillus is a group of Gram-positive, rod-shaped
bacteria, obligate aerobes, or facultative anaerobes and falls under the phylum Firmicutes [42]. The
optimum growth conditions like temperature and pH were also reported same for the standard strain
Bacillus tequilensis 10bT [43]. Bacillus species are widely distributed in nature such as soil, water, oceans,
and can grow in extreme conditions like temperature and pH [44–46]. Bacillus tequilensis GYLH001, a
Gram-positive and rod-shaped bacteria isolated from Angelica dahurica released an antifungal agent and
was capable to grow in the temperature range of 4-80℃ (best growth observed at 37℃), 7pH and 180
RPM. The reported strain is slightly halophilic and was able to grow in media containing 8% NaCl
concentration. Temperature and pH greatly affected the production of antifungal agents [29]. Bacillus
tequilensis SALBT isolated from soil was reported to produce pectinase and showed optimum growth at
37℃, 7.4pH at 120 RPM. The reported strain was Gram-positive and rod-shaped [30].

A Biosafety test of A1C1 was also performed on a human blood agar medium to ensure its pathogenicity
level. The isolated strain exhibited no zone of RBC hemolysis, indicating that it is not harmful to people
and may thus be studied further. These results were compatible with the recent study given by Shari� &
Kunchirman [47].

Bacillus species tend to secrete large quantities of extracellular enzymes and secondary metabolites
which place them among the industrially important enzyme producers [48–50]. Bacillus tequilensis strain
was reported to secrete proteolytic enzymes [31]. So A1C1 was also tested and found to secrete
proteolytic enzymes. The isolated strain was also tested for other industrially important enzymes such as
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cellulase, chitinase, amylase, and gelatinase. Although, A1C1 had not shown any zone of hydrolysis in
cellulose, pectin, and starch medium which stated its inability to secrete these enzymes (Fig. 4).
Surprisingly, as per the standard strain Bacillus tequilensis 10bT, A1C1 was also found to secrete gelatine
hydrolyzing enzyme [43]. The ability of genus Bacillus to ferment sugar in various pH ranges, to grow in
various temperature ranges has led to extract a variety of pH and thermally stable enzymes to address
numerous applications [48]. The synthesis of secondary metabolites and enzymes also improves host
resistance against pathogens by releasing antimicrobial agents [31]. In addition, the Bacillus tequilensis
strain was also reported to exhibit PGPR attributes [51]. In our study, we have found no phosphate
solubilization index and IAA production by the isolated strain A1C1. This variation in results could be due
to the sample collected under various weather conditions which might have affected the bacterial
tendency to produce secondary metabolites.

Studies also have shown the antimicrobial potency of Bacillus tequilensis [31, 47, 52]. In our study, the
antimicrobial assay performed for the A1C1 showed a zone of inhibition against MTCC 40 (5mm) and
MTCC 11949 (2mm). It was found that the extracellular fraction was more potent against Gram-positive
and negative strains than the intracellular fraction which may be due to the secretion of extracellular
enzymes and other secondary metabolites. The pure cultures of MTCC 40 (Escherichia coli) and MTCC
11949 (Staphylococcus aureus) were procured from MTCC, Chandigarh, and preserved at 4℃ before the
test. Escherichia coli is a Gram-negative, facultatively anaerobic, and coliform bacteria commonly found
in the human gut microbiome. The pathogenic strain of Escherichia coli has been reported to cause
urinary tract infection and food poisoning [53]. Whereas, Staphylococcus aureus is a Gram-positive
bacterium involved in food poisoning and skin infection [54]. At the present number of lethal microbes
have acquired many ways to surpass the antibacterial agent [55] which critically demands new
approaches to get resolved. Till now many Bacillus strains such as Bacillus subtilis, Bacillus polymyxa,
Bacillus brevis, Bacillus licheniformis, Bacillus circulans, and Bacillus cereus have been reported to
produce antibiotics [56]. In another study of the same bacillus species, the puri�ed extract was found
potent against Staphylococcus aureus (15mm) [52] and Escherichia coli (10mm) [47]. Curiously, this
study has added a valuable �nding and a step toward the development of biologically active peptides
from the Bacillus tequilensis strain. Puri�ed bacterial extract and peptides may enhance its antibacterial
activity and can be tested against several pathogenic strains.

The presence of D-AAs in bacterial cultures validates previous �ndings that these biomolecules are found
in a wide range of macromolecules. Aside from peptidoglycan, other potential D-AA sources include
lipopolysaccharides, polypeptides, lipopeptides, and siderophores, all of which are components of the
bacterial cell wall–membrane complex [14]. It is required to precisely measure trace amounts of D
enantiomers in the presence of a signi�cant excess of L enantiomers to identify and quantify D-AAs in
tissues. As a result, the analyses of D-serine were performed at low concentrations in the presence of a
5nM pure standard. The detection limit was set at 5-30 nM. When a biological component is analyzed in
the presence of additional components, an incorrect determination is probable if the study is conducted
using a single technique. The current approach appears to reduce this concern since it combines two
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techniques, TLC and RP-HPLC. At �rst, bacterial fractions were subjected to TLC for the separation of
amino acids. Before separation, TLC developing chamber was saturated by placing Whatman �lter paper-
1 (wetted with eluent and lining on the wall of the chamber) to improve the separation and reproducibility
[57]. Then the extracted amino acids were derivatized with OPA/IBLC for further separation and
quanti�cation by HPLC. A known amount (nmol) of standard (D-serine) was derivatized with OPA/IBLC
and used for the quanti�cation of D-serine which was present in the bacterial fraction i.e., 0.919±0.02 nM.
Several other bacterial strains were also explored and assayed for the traces of serine enantiomers [13–
16]. In our study, D-serine was detected in the intracellular fraction of the cultivated cells of A1C1
(Fig. 8b). D-serine is commonly present in the bacterial cell wall, lipopeptides, and siderophores, although
it may also exist as a free molecule [14, 58–60]. Gram-positive bacteria have a thicker cell wall than
Gram-negative bacteria and due to this fact, D-Serine is not the component of Gram-negative bacteria's
peptidoglycan and is found to be present in bacterial macromolecules [14]. Further, we were unable to
detect D-serine in the culture media, which stated that A1C1 could not secrete D-serine extracellularly.
Further, studies are needed to determine the synthesis and physiological role of D-serine in the isolated
culture strain Bacillus tequilensis A1C1.
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Table 1 Comparison of biochemical and physiological results of the isolated strain A1C1, Bacillus tequilensis
SALBT [30], Bacillus tequilensis GYLH001 [29], and the standard strain Bacillus tequilensis 10bT [43].
Test A1C1 Bacillus

tequilensis SALBT
Bacillus
tequilensis GYLH001

Bacillus
tequilensis 10bT

Shape Rod Rod Rod Rod
Gram-staining + + + +
Catalase activity - + ND +
Triple sugar iron + no black ppt

observed
ND ND ND

Lactose
fermentation

+ ND ND +

Indole + - - +
MR-VP - - + ND
Citrate
utilization

- - + +

MRS broth + ND ND ND
Urease - + ND ND
Starch
hydrolysis

- + + +

Casein
hydrolysis

+ + + ND

Cellulose
hydrolysis

- + + ND

Gelatinase + ND + +
Motility + ND + +
Temperature
range

20-50℃, 37℃* 37℃* 4-80℃, 37℃* 20-50℃, 40-50℃*

pH range 5-9, 7* 7.4* 1-9, 7* 5.5-8, 6.5-8*
RPM 150* 120* 180* ND

ND, not determined; +, positive utilization; -, negative utilization; *, optimum growth.

Table 2 Recovery percentage (%) of a spiked sample of known concentrations.
Sr. No. Sample Sample ID Conc. (nM) Recovery (%)
1.  Unknown (S1 spiked with 5 nM) S2 5.14759 86.79127
2.  Unknown (S1 spiked with 8 nM) S3 7.902014 88.47849
3. Unknown (S1 spiked with 10 nM) S4 9.728746 89.00143

Figures
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Figure 1

Growth of isolates observed after 48h of incubation. MM- Minimal essential media, L-serine- Minimal
essential media supplemented with L-serine, L-serine+PLP- Minimal essential media supplemented with
L-serine and PLP. Error bars represent the Mean ±SD of three independent values (n=3).
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Figure 2

Phylogenetic tree construction of Bacillus tequilensis A1C1 analogs using Maximum Likelihood method
by employing Neighbor-Joining method.
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Figure 3

The morphological features of A1C1. a Gram staining. b Spore staining. c Observation at 100X. d SEM
observation. e Colony morphology.

Figure 4

Production of enzymes by A1C1. a Gelatine hydrolysis. b Casein hydrolysis. c Cellulose hydrolysis. d
Pectin hydrolysis. e Phosphate solubilization. f Starch hydrolysis. ‘+’, Positive utilization, ‘-’, Negative
utilization.
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Figure 5

Antimicrobial activity of Intracellular and extracellular fractions with standard drugs. a Intracellular
fraction, b Extracellular fraction, c Ampicillin (10 mcg), d Penicillin (10mcg). Error bars represent Mean ±
S.D of three independent values.
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Figure 6

Chromatographic bands obtained after the separation of amino acids on TLC. a L-serine. b Intracellular
fraction. c Extracellular fraction. Values are Mean ± S.D of three independent values (n=3).
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Figure 7

Elution pro�le of amino acid composition in the hydrolysate of Bacillus tequilensis A1C1 strain after 20 h
of acid hydrolysis. a 5µl of pure L&D-serine (5nM) was used as standard. b 5µl sample of bacterial
hydrolysate. c 5µl sample of bacterial hydrolysate spiked with 5µl of 5nM D-serine.
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Figure 8

Linear curve drawn by using known concentrations of the standard D-serine.
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