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Background: The ability of Bacillus safensis to synthesize xylanase and other industrially important
enzymes utilizing lignocellulosic biomass makes it advantageous for a variety of biotechnology applica-
tions. Thus, the current investigation aimed to optimize conditions and medium components for maxi-
mizing xylanase production by a newly isolated Bacillus safensis strain using banana rachis (peel of
banana tree) as a novel source of carbon.
Result: Upon employing Box-Behnken Design (BBD) statistical approach, the highest enzyme activity was
obtained 25.24 U/ml at 2 g/L banana rachis, 1 g/L yeast extract, 1 g/L K2HPO4, 5 g/L NaNO3, 35°C and 72 h
of incubation time. The purified enzyme showed 10 times higher enzyme activity (143.6 U/ml) with
2.3 mg/ml protein concentration. The enzyme was found to maintain stability up to 60°C in a wide range
of pH (6 to 10). Analysis of whole genome sequencing data revealed the presence of xylanase production
and xylan metabolic genes (xynA, xynB, xylP, xylT) on Bacillus safensis FB03. Also, from genome annota-
tion, different carbohydrate metabolic genes such as glycoside hydrolases (GHs), glycosyl transferases
(GTs), polysaccharide lyases (PLs), carbohydrate esterases (CEs), auxiliary activities (AAs), and carbohy-
drate binding modules (CBMs) were identified.
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1. Introduction

In recent days, exploration of novel biological sources for man-
ufacturing industrial enzymes has become necessary due to
increased industrial demand, harmful effects of synthetic chemi-
cals, and other concerning issues. Xylanases are one of the key
enzymes utilized in food, feed, agro-fiber, and paper and pulp pro-
cessing industries to convert lignocellulosic biomass into value-
added products [1]. Along with its bulk industrial applications,
xylanase and their producers are being exploited in pollution con-
trol and biofuel generation [2]. Chemically, the enzyme is involved
in the depolymerization of xylan to transform it into simple
monosaccharide and xylo-oligosaccharides [3]. Since xylanase does
not produce any harmful compounds during the enzymatic reac-
tion, it is the greatest option for hydrolyzing xylan when compared
to other alternative procedures [4,5].

Industrial-scale xylanase is synthesized mostly by microorgan-
isms like bacteria, fungi and actinomycetes [6]. There are types of
bacteria commonly used in industrial fermentation as they mostly
synthetize extracellular enzymes aiding ease of downstream pro-
cessing [7,8]. However, the prohibitive cost of growth and produc-
tion media is one obstacle to the commercial use of
microorganisms in industrial biosynthesis processes. Over the last
few years, lignocellulosic biomass has drawn a lot of research
interest as a way to succeed with this biotechnological strategy
of low-cost enzyme production [9]. Additionally, bacterial enzyme
biosynthesis utilizing a wide range of inexpensive substrates
including waste materials, agricultural residues, and lignocellu-
losic biomass as a carbon source is considered an eco-friendly
and sustainable technique. Along with other bacterial species,
some researchers have reported B. safensis, a bacterium from the
Bacillus pumilus group, as a potent producer of xylanase [10,11].
However, variation of enzyme production among different species
has necessitated the urge of screening out the most potent pro-
ducer strain to support industrial purposes [7]. Bacillus safensis is
a well-described species with the efficiency of producing industri-
ally important enzymes like protease [12], lipase [13], chitinase
[14], amylase [15], inulinase [16], beta-galactosidase [17], xylanase
[18], keratinase [19] and others. Apart from this, it serves as a plant
growth promoter in halophilic environments under high salinity
stress [20,21], probiotic [22], biocontrol and bioremediation organ-
isms [23,24]. Its iniquitousness and non-pathogenicity towards
humans have made it a safe industrial microorganism to produce
industrial enzymes and industrially applicable secondary
metabolites.

Therefore, to ensure a sustainable eco-friendly economy, along
with sorting out potential xylanase-producing B. safensis, optimiza-
tion of media components for maximizing production is a must.
Due to excessive cost, it is impractical to apply pure xylan as a sub-
strate of enzyme synthesis. Though a number of agricultural resi-
dues like rice husk, coconut husk, corn stock, corncob, wheat
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bran, rice bran have already been utilized as cheap carbon and
nitrogen sources [25], banana rachis (peel of banana tree) is still
an unexplored item that deserves special attention as every year
tons of them are wasted worldwide.

In consideration with these facts, the present study aims to
report the xylanase synthesis potential of locally isolated Bacillus
safensis FB03 utilizing banana rachis as a novel growth substrate.
Our objective is to optimize the cultivation condition using
Response Surface Methodology (RSM) combined with Box-
Behnken statistical Design (BBD) followed by enzyme purification,
biochemical characterization, and detecting the precise genomic
location of xylanase genes.

2. Materials and methods

B. safensis FB03 was isolated and identified from the rhizo-
sphere soil of the Bahrind region of Bangladesh. The bacterium
was identified, sequenced, and the sequence data were deposited
on NCBI gene bank (https://www.ncbi.nlm.nih.gov/bioproject/?
term=PRJNA1161822) with accession number JBHILD000000000.

2.1. Screening of xylanase-producing isolate

100 ll of soil sample diluted into normal saline was spread over
the surface of a nutrient agar plate and incubated at 37°C for 24 h.
To verify purity, the obtained discrete colonies were sub-cultured
for several times. The potency of these purified isolates as xylanase
producers were evaluated on Minimal Salt Media (MSM) plate
(contained g/L NaNO3, 5; KH2PO4, 1; K2HPO4, 2, MgSO4 7H2O, 0.5;
KCl, 0.1; CaCl2, 0.01; FeSO4 7H2O, 0.02; agar, 17, distilled H2O,
1 L; pH = 7) supplemented with 0.5% beech wood xylan [26]. Fur-
ther, bacteria were allowed to grow and produce an enzyme on
50 ml MSM containing 2% banana rachis in place of xylan as a car-
bon source. After incubating at 37°C for 48 h under 120 rpm shak-
ing condition, the supernatant was separated by centrifugation to
measure enzyme activity.

2.2. Quantitative enzyme assay and protein concentration

Enzyme activity was measured by following the methodology
described previously [27]. It was extracted through centrifugation
of the culture at 6000 rpm for 20 min. 1% (wt/v) xylan prepared in
100 mM sodium phosphate buffer (pH 7.0) was used as substrate,
and the liberated xylose was measured by 3′2,5 di-nitro salicylic
acid (DNS) utilizing a xylose standard curve. Herein, ‘‘the amount
of enzyme required to release 1 lmol of xylose per minute under
standard assay conditions was defined as ‘‘one unit of endo-1, 4-
b-xylanase”. The total protein content was estimated by the Brad-
ford protein estimation method using Bovine serum albumin as
standard [28]. The further work was conducted with the isolate
having the highest enzyme activity.
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2.3. Optimization of production parameters: The Box-Behnken Design
(BBD)

To ensure the maximum productivity, the fermentation media
were optimized by the Box-Behnken statistical method using mini-
tab statistical software. Here, six factors were considered as critical
for basal medium composition (Table 1), and 54 runs were exe-
cuted where each factor had three levels (−1, 0, +1). In BBD, the
maximum xylanase production condition was determined by com-
paring the experimental results obtained at 0-point value with that
found at −1 or +1 values. Following the rule R = n + 1, 54 experi-
ments were generated where R denotes the number of runs, n
stands for the number of critical factors. The Box-Behnken experi-
mental design was achieved based on the following first-order
model:

Y b0 BiXi

where Y represents the response (xylanase activity U/mL), b0 is the
model intercept, Bi is the linear coefficient, Xi is the level of inde-
pendent variable, and k is the number of involved variables.
2.4. Scaled-up production in the optimized medium

To scale up xylanase production, the optical parameters from
the statistical design experiments were employed. A 5% bacterial
culture was added to each Erlenmeyer flask containing 400 ml of
the medium, and the flasks were then incubated under shaking
at the ideal conditions. Following incubation, the cell-free super-
natant was recovered and enzyme activity was measured as
described previously.
2.5. Purification

The resultant supernatant was then purified by chromatogra-
phy on CM-Sephadex C-50 column (20 cm × 2.0 cm), pre-
equilibrated with 50 mM sodium phosphate buffer (pH 6.0) at a
flow rate of 30 ml/h. using a continuous gradient of 0–1.0 M NaCl.
The bound proteins were eluted, and the fractions of 5 ml each
were collected and analyzed for protein content and xylanase
activity. The fraction with highest enzyme activity was then con-
centrated using Amicon ultrafiltration cell membrane (10 kDa cut
off). Each of the experiments was performed in a triplicate set.
2.6. Effect of physicochemical factors on xylanase stability

To assess thermal stability, the residual xylanase activity was
measured after preincubating the enzyme preparations at 30–
90°C in 0.1 M sodium phosphate buffer (pH 7.0) without substrate
for 1 h. Similarly, pH stability was measured after 24 h of incuba-
tion of enzyme preparations in pH buffers ranging from 4.0 to 10.0
at 25°C. Later, the residual activity was quantified under ideal
assay conditions.
Table 1
Factors and levels of independent variables in BBD for xylanase production.

Factor name (g/L) Low value (−1) Median (0) High value (+1)

Carbon source 2 6 10
Nitrogen source 0 0.5 1
K2HPO4 0 0.5 1
NaNO3 0 2.5 5.0
Temperature (°C) 35 40 45
Time (h) 24 48 72
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2.7. Kinetic parameters

The xylanase’s Km and Vmax values were ascertained by evalu-
ating the enzyme’s activity with varying xylan substrate concen-
trations. The activity was measured under the assay conditions
as described previously. To find Km and Vmax, the Lineweaver-
Burk and Michaelis-Menton plots were obtained.

2.8. Genome annotation of B. safensis FB03

Genome annotation and identification of the position of differ-
ent xylanase genes in B. safensis FB03 were accomplished by Prok-
see with default parameters [29]. Carbohydrate-Active Enzyme
Database (CAZy) was also annotated to identify carbohydrate-
active enzyme domain in the genome of FB03 [30].

3. Results

3.1. Xylanase activity and protein concentration

On xylan agar plates, 10 bacterial strains out of 64, isolated from
soil of the study site, were discovered to create holos around their
colonies. Isolate 9 (B. safensis FB03) was found to produce hollo
zone of about 21 mm around its growth on a screening agar plate.
When these isolates were allowed to synthesize xylanase on MSM,
iso9 came out with the highest enzyme activity 14.95 ± 1.31 U/ml
(Fig. 1).

3.2. Optimization of key factors for the synthesis of xylanase

During media optimization by BBD statistical design, a total of
54 runs were conducted to ascertain the optimal xylanase produc-
tion conditions of B. safensis FB03. The obtained results for BBD
runs (Table 2) show that the lowest activity was 0.12 U/ml in
run no. 22 and the highest activity of 25.24 U/ml was provided
by run 2 where the factors were 2 g/L banana rachis, 1 g/L yeast
extract, 1 g/L K2HPO4, 5 g/L NaNO3, 35°C and 72 h of incubation
time. The software determined the predicted value using a quadra-
tic equation (Table 2). According to the R2 or coefficient of determi-
nation (0.936), 93% of the variability can be explained by the
model. The adjusted R2 value of 0.931 expressed the degree of
closeness between the actual and the predicted values.

The observed value curve as a function of predicted values
(Fig. 2) displays the correlation as the points are distributed around
the regression line. Fig. 2 shows that the estimated xylanase pro-
duction was within the limits of the experimental factors since
the actual values and the predicted response values coincided well.
As a result, the model is deemed to be of adequate quality, having a
93.36% probability of explaining the observed response variability.
3.3. Pareto chart and interaction of variables

The Pareto chart of standardization histogram graph indicated
that time (E), temperature (F), yeast extract (B), the interaction
between temperature and NaNO3 (DF), yeast extract and tempera-
ture (BF), and banana rachis and yeast (AB) were significant since
they all crossed the p-value (<0.05) (Fig. 3). The response surface
plot was created with the Z-axis (xylanase activity) versus any
two variables while keeping the other variables at hold values
(Figs. 4A, 4B, 4C).

Fig. 4A illustrates the contour plot of carbon and yeast extract vs
enzyme activity. High activity was obtained at low (2 g/L) to high
(10 g/L) concentrations of banana rachis in 1 g/L yeast extract.
Fig. 4B shows that the minimum activity was attained at 35°C to
37°C at all concentrations of carbon source. Fig. 4C demonstrates
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Fig. 1. Enzyme activity of 10 isolates on MSM media.
that at the highest carbon concentration, xylanase activity started
to increase after 50 h of incubation.

3.4. Purification and characterization of enzyme

After purification and concentration, the enzyme from FB03
showed the maximal activity of 143.6 U/ml, roughly ten times than
the crude one, where the protein content was 2.3 mg/ml. When
enzyme characterization was studied, the findings demonstrated
that, after 60 min of incubation from 30 to 60°C, there was no dis-
cernible drop-in xylanase activity (Fig. 5A). However, at 60°C, xyla-
nase activity was 134.77 U/ml and at 70°C, the enzyme showed
sensitivity, maintaining 40.86 U/ml. Above that, the stability of
xylanase was found to steadily decrease with the rise of tempera-
ture. Similarly, the stability of xylanase was observed throughout a
wide range of pH values, from 6 to 10, ranging from neutral to alka-
line (Fig. 5B).

3.5. Scaled-up fermentation in optimized conditions for further study

Scaled-up fermentation was carried out to compare the enzyme
activity with the smaller-scale production. Under run 2 conditions
in 1L medium (2 g/L banana rachis, 1 g/L yeast extract, 1 g/L
K2HPO4, 5 g/L NaNO3, 25°C, and 72 h of incubation time), the mea-
sured activity was 136.90 U/ml, which was close to the smaller-
scale enzyme production (134.77 U/ml).

3.6. Kinetic analysis

As determined by Lineweaver-Burk plot using beechwood xylan
as substrate, the Km and the Vmax were 0.64 mg/ml and
156.25 lmol/min/mg (Fig. 6).

3.7. Genomic annotation of xylanase and other carbohydrate-active
enzymes genes

Proksee-based annotation of enzyme domain facilitated the
identification of six different genes xynA, xynB1, xynB2, xynB3,
xylP, and xylT on FB03 associated with xylan breakdown and uti-
lization (Table 3). xynA is identified as the key gene that encodes
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an endo-b-1,4-xylanase that acts to hydrolyze the b-1,4-
glycosidic bonds in xylan. xynB1, xynB2, xynB3, other genes of this
operon, work synergistically with xynA to facilitate the breakdown
of xylan. While xylT encodes for xylose transporter protein to facil-
itate the uptake of xylose into the cell from the extracellular envi-
ronment, xylP encodes xylose permease, another transporter
protein involved in the movement of xylose across the cell mem-
brane. According to the findings of the CAZy database annotation
results (Fig. 7), six different functions—glycoside hydrolases
(GHs), glycosyl transferases (GTs), polysaccharide lyases (PLs), car-
bohydrate esterases (CEs), auxiliary activities (AAs), and carbohy-
drate binding modules (CBMs)—have been identified. The
percentages of enzyme functions with annotations are 38.58%,
34.51%, 1.01%, 12.69%, 2.03%, and 11.17%, in that order. Moreover,
76, 68, 2, 25, 4, and 22 genes are involved in the indicated func-
tions, correspondingly.

4. Discussion

The global demand of xylanases in the industrial sector for a
range of biotechnological applications has recently made it neces-
sary to expand the field’s research logically. While the isolation of
endophytic organisms for the synthesis of industrially significant
enzymes has been documented previously [31], little research
has been done on B. safensis, a firmicute bacterium with enormous
potency. Therefore, through careful selection of dozens of bacteria,
here, a distinctive endophytic strain of B. safensiswas isolated from
the crop field of featured Bahrind soil to evaluate its efficacy as
xylanase synthesizer. Parallelly, a novel carbon source was utilized
to ensure a sustainable cost-effective bioprocess for large-scale
enzyme production. Although selection of the appropriate strain
is crucial for a successful industrial enzyme factory, it will not
ensure maximal production unless the process is adjusted correctly
[32]. Therefore, the current study also focused on media optimiza-
tion for maximizing enzyme production. Besides, the whole gen-
ome of FB03 was annotated to shed light on its inherent ability
to produce xylanase and other extracellular enzymes so that
genetic engineering can be done in future to turn this isolate as a
valuable industrial workhorse. To the best of our knowledge, it is
the first ever reported work that marks the number and position
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Table 2
Result of BBD matrix for six significant independent variables tested with predicted and observed responses for xylanase production.

Run order Experimental value (coded value) g/L Enzyme activity (U/ml)

Carbon Yeast extract K2HPO4 NaNO3 Time Temperature Observed Predicted

1 10 1 1 5 72 45 2.70 2.63
2 2 1 1 5 72 35 25.24 20.02
3 2 0 0 5 72 35 11.88 11.85
4 6 0.5 0.5 3 48 40 4.15 4.40
5 10 1 1 1 24 45 13.32 11.21
6 10 1 0 1 24 35 10.27 10.58
7 10 1 0 1 24 35 11.58 10.58
8 6 0.5 0.5 3 48 40 4.29 4.40
9 6 0.5 0.5 3 48 40 4.20 4.40
10 10 1 0 0.5 24 45 8.13 8.54
11 10 0.5 0.5 3 48 40 4.02 4.51
12 2 1 0 5 24 35 13.75 14.41
13 2 1 1 1 72 45 2.70 2.78
14 10 1 0 5 72 35 16.26 14.89
15 10 0 1 5 72 35 4.92 4.84
16 6 0.5 0.5 3 48 40 5.67 4.40
17 2 0 0 1 24 35 6.11 5.65
18 6 0.5 −0.68 3 48 40 3.83 3.33
19 6 0.5 0.5 3 48 40 3.61 4.40
20 2 1 0 1 72 35 6.50 7.18
21 10 0 0 5 72 45 1.00 0.41
22 10 0 1 1 72 45 0.12 −1.08
23 6 0.5 0.5 7.75 48 40 3.16 4.95
24 6 0.5 0.5 3 105 40 2.60 2.30
25 2 0 0 1 72 45 4.46 4.34
26 6 0.5 0.5 3 48 40 3.13 4.40
27 6 0.5 0.5 3 48 51 1.11 1.22
28 2 0 1 5 24 35 13.60 13.01
29 2 0.5 0.5 1 72 40 2.05 2.55
30 10 1 0 1 72 45 4.31 4.31
31 6 0.5 0.5 3 48 40 4.68 4.40
32 6 −0.68 0.5 3 48 40 8.15 7.46
33 10 0 0 1 72 35 1.00 0.15
34 2 0 1 1 72 35 4.34 5.99
35 2 0 1 5 72 45 0.40 0.38
36 6 0.5 1.6 3 48 40 2.42 6.04
37 6 0.5 0.5 3 48 40 1.62 4.40
38 6 0.5 0.5 3 48 40 3.27 4.40
39 6 0.5 0.5 3 48 40 4.33 4.40
40 10 0 0 1 24 45 7.02 7.74
41 2 0 0 5 24 45 7.82 7.26
42 2 1 1 5 24 45 3.14 3.74
43 2 1 1 1 24 35 14.84 15.07
44 2 0 1 1 24 45 5.46 6.30
45 6 0.5 0.5 3 48 35 8.36 8.85
46 2 1 0 5 72 45 2.40 2.17
47 6 1 0.5 3 48 40 8.58 8.23
48 2 1 0 1 24 45 3.18 3.04
49 10 1 1 1 72 35 14.58 15.00
50 6 0.5 0.5 −1.7 48 40 2.36 1.13
51 10 0 1 1 24 35 8.84 6.33
52 6 0.5 0.5 3 24 40 5.06 6.03
53 10 0 1 5 24 45 1.18 0.58
54 10 0.5 1 3 48 35 9.47 10.29
of xyl genes in the genome of Bacillus safensis along with other
genomic traits.

When the strain was grown on banana rachis for 2 d at 37°C and
pH 7.00, maximum enzyme production was noted for Iso9, that is
14.96 U/ml. This enzyme activity suggests further optimization of
growth parameters and production conditions to avail the maxi-
mum enzyme activity by FB03. Despite the fact that a number of
studies have documented the sustainability of a range of lignocel-
lulosic materials—including sugarcane bagasse, rice straw, rice
bran, wheat straw, corn cob, and ragi bran—as raw materials for
the production of xylanase [33,34], this is the first ever reported
use of banana rachis in this instance for the synthesis of xylanase
from B. safensis. A similar study reported the value 15.21 ± 0.58 U
/ml in relation to sawdust’s aptitude for producing xylanase from
B. safensis [18].
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To significantly increase xylanase production, medium and cul-
ture parameters must be optimized, a goal that can be achieved
through Response surface methodology (RSM) [35]. In contrast to
the other methods, this approach thoroughly analyzes the interac-
tive effects of every independent element in a fermentation pro-
cess and looks at the particular interactions between a response
variable and a number of design-independent variables [36]. To
maximize FB03′s xylanase production, the Box–Behnken design
(BBD), one of the best RSM designs, was used [37], taking into
account five factors. According to regression analysis, the high R2

value (0.936) indicates that the model fits the data well rendering
only 6.4% of the total variances unexplained. Additionally, the
importance of the model was confirmed by the high corrected R2

(0.936). The maximum xylanase activity was obtained at 2 g/L
banana rachis, 1 g/L yeast extract, 1 g/L K2HPO4, 5 g/L NaNO3,
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Fig. 2. Regression correlation between observed and predicted values.

Fig. 3. The Pareto chart of standardization (p < 0.05).
35°C and 72 h of incubation time where a substrate concentration
efficacy of banana rachis as a potential carbon source for bacterial
enzyme production even at a low concentration. At pH 7, with 3 g/L
xylan and 5 g/L peptone, and after 24 h of incubation at 40°C, the
maximum amount of xylanase activity of Bacillus haynesii was
35.02 U/ml [38]. As the optimal conditions for the production of
xylanase differ from strain to strain, therefore, it is crucial to opti-
mize parameters for each strain of Bacillus. So far, the optimization
81
of ideal conditions for xylanase production by Bacillus safensis
using BBD has not been reported. Considering collectively, this
research may represent a new finding on the optimization of xyla-
nase production from the Bacillus safensis species.

Due to the presence of impurities, protein quantification,
physicochemical testing, and activity assays may become challeng-
ing [39]. Hence, purification of xylanases is required to eliminate
contamination from proteins, other enzymes, including cellulases,
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Fig. 4. Contour plot showing the interactive effect of (A) carbon, yeast extract; (B) carbon, temperature; (C) carbon, time on the enzyme activity of Bacillus safensis FB03.

Fig. 5. (A) Temperature, (B) pH stability of xylanase from isolate FB03.
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Fig. 6. Double reciprocal plot of the purified xylanase from B. safensis FB03 on
beechwood xylanase. Data point represents the mean ± SD (n = 3).

Table 3
Position and length of different xyl genes on the genome of FB03.

Gene Contig Position Length (bp)

Start Stop

xynA NODE_03 28,985 30,322 1338
xynB1 NODE_01 170,488 171,965 1518
xynB2 NODE_03 27,450 28,949 1500
xynB3 NODE_03 471,806 473,431 1626
xylP NODE_03 33,573 34,764 1392
xylT NODE_03 468,244 469,584 1341
and substances produced during substrate hydrolysis in the culture
media [40]. The xylanase of FB03 increased in activity by more
than tenfold compared to the crude form after undergoing a one-
step purification process. A similar study concluded that Bacillus
subtilis xylanase purification in one step increased its activity by
10.5 times [41]. When examining the properties of enzymes, the
most crucial aspect is their stability. So, pre-incubating xylanase
for 60 min at a temperature range of 30–90°C was done in order
to conduct thermal stability tests. An enzyme’s industrial signifi-
cance increases with decreasing temperature input’s effect on its
Fig. 7. Carbohydrate active enzymes produced by
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peak activity. In this context, our isolated strain might be a valu-
able resource for biotechnological uses as it maintained its activity
up to 60°C. According to the work of Ketsakhon et al., most bacte-
rial xylanases show their maximum activity in the range of 50 to
60°C [42], where Saleem et al. discovered that 50°C is the ideal
temperature for Bacillus xylanases [43]. Another feature that makes
an industrial enzyme appealing is its ability to remain active over a
wide pH range. Fungal xylanases are more productive in acidic pH
ranges of 4.0–6.0 [44], whereas bacterial xylanases are more
inclined towards environments with a pH of higher than 6 [45]
and when doing the current study, comparable outcomes were
noted. Elevated xylanase activity was also seen at pH 7.0 in Bacillus
pumilus [46] and at pH 8 in Bacillus mojavensis AG137 [47]. Studies
revealed that variations in pH and temperature stability for extra-
cellular xylanases might be explained by glycosylation and other
post-transcriptional changes in the xylanase excretion pathway
[48].

The Michaelis constant, Km, can be calculated by measuring the
substrate concentration at half the maximum velocity. In every
given enzyme and substrate concentration, Km remains constant
and therefore, a low Km represents high substrate affinity of the
enzyme [49]. The Vmax of xylanase from B. safensis was 156.25 l
mol/min/mg, and the Km was found to be 0.64 mg/ml. In a similar
study, the Km and Vmax values of the isolated Pseudomonas sp.
XPB-6 xylanase were 0.60 mg/ml and 144.92 IU/mg protein,
respectively [50]. This finding reveals that with a high Vmax and
low Km value, B. safensis xylanase exhibits a strong substrate affin-
ity for beechwood xylan and can catalyze it more rapidly and effec-
tively. Six genes namely xynA, xynB1, B2, and B3, xylP, xylT have
been detected on the genome of FB03. This set of genes is involved
in both the xylan breakdown and transportation of xylose into the
cell to convert them into simple sugar that the organism can use
for energy and growth. xynA encodes the xylanase enzyme which
breaks down xylan into smaller sugar components like xylose.
xynB codes a different form of xylanase enzyme, often involved
in the same biochemical process as xynA but with different speci-
ficities or optimal conditions [51]. Once xylanase enzymes break
down xylan into smaller sugar units like xylose, xylT ensures that
the xylose can be taken up by the microorganism to be used as an
energy source or metabolized further. Additionally, in this route,
xylP encodes xylose permease, a membrane protein that is
involved in the facilitated diffusion of xylose across the cell mem-
brane [51]. Finding the exact locations of genes provides a valuable
foundation for additional genetic alteration and cloning research
B. safensis FB03: CAZy database annotation.
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aimed at improving enzyme output. An essential class of enzymes
known as glycoside hydrolases is often involved in the hydrolysis
of carbohydrates’ glycosidic bonds. According to earlier research,
hundreds of distinct glycosyltransferases are involved in the man-
ufacture of polysaccharides, oligosaccharides, and disaccharides,
which helps to create glycosidic linkages [52]. The active enzymes
GHs and GTs, which are encoded by genes in the FB03 genome,
allow the bacteria to manufacture carbohydrates and metabolize
sugars. Thus, from this study, a new avenue for the biotechnologi-
cal use of the native strain of B. safensis FB03 as an industrially sig-
nificant microbe has been opened.

5. Conclusions

Through the use of a medium containing banana rachis in place
of high-cost xylan, this study demonstrates that xylanase from
B. safensis FB03 can be produced in a cost-effective way utilizing
banana rachis as a fermentation medium. FB03 is an effective xyla-
nase producer, with a maximum productivity of 25.24 U/ml which
upon purification became 143.6 U/ml. Enzyme from this isolate can
retain activity up to 60°C in a wide range of pH from 6 to 10.
Besides, the whole genome data analysis opens a new door of
research for further genetic manipulation to enhance its biosyn-
thetic capabilities for industrial-scale application.
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