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ABSTRACT

From fifty purified Bacillus spp. Isolates, twenty-six isolates of Levansucrase producing were found. They were
isolated from different sources in Baghdad. These isolates were screened for their abilities to produce Levansucrase,
it was found that the isolates designated S7, S8, S9, S10, S11, S12, S13, S14, F3, F4, and F5 (as named in this
study) the higher producers of this enzyme by Levan formation in the sticky mucous membrane visible around the
colonies, which was considered a primary indicator of the production Levansucrase. All isolates were culturally and
morphologically identified to confirm they belong to the genus Bacillus sp. The secondary screening was performed
on these isolates by estimation Levansucrase assay on the medium of Mineral Salts Broth modified by adding
20% sucrose, as the bacterial isolate Bacillus sp. S8 was obtained from the soil near the rhizosphere of the stevia
plant and was superior in the amount of Levansucrase produced, reaching 529.87 U/ml. The identification tests
of this isolate were carried out by studying the biochemical tests using the Vitek2 compact system. The test results
were confirmed by 16S rRNA gene identification using Polymerase Chain Reaction (PCR) and its nitrogen base
sequencing. The results revealed that this isolate belongs to this local isolate Bacillus licheniformis and identified
Bacillus licheniformis strain M]8, and it was registered under the Accession Number in Gene Bank: OM672244.1.
The Levan was identified and character after extracting from the efficient local isolate using a High-Performance
Liquid Chromatography (HPLC) technique, Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron
Microscope (SEM), and Atomic Force Micrograph (AFM) analysis.
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that Levan forms a hydrocolloid microgel, which can be used as
an ingredient in wheat bread to extend the shelf life of products
[8]. Levan could play a fundamental role in solving peptic ulcer
problems [9]. Several other studies have confirmed that Levan has
prebiotic characteristics [10,11] and antioxidative [12], anti-obesity

INTRODUCTION

Levansucrase E.C (2.4.1.10) uses fructose residues to build
up Levan, which belongs to family 68 of glycoside hydrolases.
Levansucrase hydrolyzes sucrose, liberates glucose, and transfers

fructose molecules to a growing Levan Fructooligosaccharide
(L-FOS) chain [1]. Levan, a common homopolysaccharide, is
composed of fructose units predominantly by f-(2—6) glycosidic
linkage in the main chain with (2—1) linkage at branch points,
making the fructooligosaccharide a unique carbohydrate polymer.
Levan is produced by plants and microorganisms, including many
algal cells, yeasts, fungi, and bacteria [2-4]. Previous studies have
suggested that Levan can be involved in biological stress resistance
in bacteria and plants, such as modulating the osmotic pressure of
cells and improving drought resistance, salinity resistance, and low-
temperature protection [5-7]. Besides, Levan has broad applications
in many fields due to its functional and vital properties, found

[13], antifungal [14], antidiabetic [15], and antitumor [16] effects.
Because of Levan's excellent properties and application prospects,
researchers must improve its yield and quality.

Given the lack of studies that dealt with the production of
this polymer in Iraq, this study aimed to isolate bacteria that
can produce Levansucrase enzyme obtained from different
sources in Baghdad and identify the best producer by Vitek 2
compact system and 16S rRNA gene nitrogen base sequencing.
Purification and Identification of Levan by High-Performance
Liquid Chromatography (HPLC) and Fourier-transform Infrared
Spectroscopy (FTIR).
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MATERIALS AND METHODS

Sources of isolation

The sources of insulation included samples of rotten fruit, natural
juice residues, sweets ready for consumption from vendors' carts,
rancid jam, and different soils taken from other areas in Baghdad.
The Distilled water pH 7.0 was used to suspend 10 grams of each
sample and treated at 80°C for 10 minutes to kill the vegetative cell
of the bacteria. 1 ml suspension was added to 20 ml of nutrient
agar and incubated at 37°C overnight. The single colonies with
the morphological characteristics of Bacillus sp. were selected and
subjected to primary screening.

Identification of isolates

The taxonomic keys are mentioned in Bergey’s manual of systemic
bacteriology [17,18]. The process of identifying isolates Bacillus
sp. was adopted depending on the cultural and morphological
characteristics.

Primary screening: The isolates were then screened for the
ability to produce Levansucrase by streaking on Mineral Salts
Agar modified medium was adopted according to [19] which
contains 20% sucrose, 0.3% of KHZPO4, 0.3% of KZHPO4, 0.3%
of MgSO,.7TH,O, and 1.5% of Agar, the pH adjusting to 0.7 and
incubated at 37°C for 48 hours. The ability of the isolates was
revealed by the high formation of a sticky mucous membrane
around bacterial growing colonies on the surface as an indicator
of their ability to produce the enzyme and Levan formation. This
isolate was subjected to secondary screening.

Secondary screening (Levansucrase Production): A loopful
of the bacteria purified isolates was activated in Nutrient Broth
(NB) for 24 hours at 37°C, (2 x 108% cells/ml) of activated bacterial
was transferred to Levansucrase production Mineral Salts Broth
modified medium containing 20% sucrose was adopted according
to Shih, et al. The pH of the medium was adapted to pH 7.0, an
incubator shaker with a speed of 150 rpm at 37°C for 48 hours [19].
The growth cultures were filtered by centrifuged at 10000 x g for 20
min at 4°C, and the clear supernatant was the crude enzyme.

Levansucrase activity assay

Theamountofreducedsugarwasdetermined byaspectrophotometer
at A540 Straight Line Equation (y=0.7171 x -0.004). Standard
glucose was used as a calibration curve [20]. Levansucrase assay in
crude enzyme was determined according to [21]. The assay reaction
Incubation at 37°C for 30 minutes contained mixed 0.5 ml crude
enzyme and 0.5 ml substrate (5% sucrose in 100 ml sodium
phosphate buffer pH 7.0). The reaction stopped by adding 1 ml
of 3, 5 Dinitro Salicylic acid reagents (DNS), and the tubes were
heated for 5 minutes. The absorbance was consistently at 540 nm.
One enzyme (unit/ml) is defined as the amount of enzyme that
catalyzes the liberation of 1 pml glucose per minute under the assay
conditions.

Identification of the most efficient local isolates Bacillus
sp. (S8)

Vitek2 of compact system identification: Identifying the isolate
(S8) was achieved by a special diagnostic kit for the Bacillaceae
family (BCL), containing 46 biochemical tests. The procedure
was followed according to the instructions of the manufacturer
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BioMerieux.

16S rRNA gene Identification: The DNA of bacteria was extracted
by using a DNA extraction kit [22], the PCR amplified the gene
using primers, forward (5° AGAGTTTGATCCTGGCTCAG3)
(5° TACGGYTACCTTGTTACGACTT3) [23].
Amplification by (PCR) with an initial denaturation at 95°C for 5
min, followed by 35 cycles of 95°C for 30 sec, 60°C for 30 sec, and

72°C for 1 min, and a final extension at 72°C for 7 min.

and  reverse

Electrophoresis for amplification products

The product of PCR has relocated in 1% Agarose gel loaded a 2
ul DNA ladder 1500 bp for 45 min at 90 V. After that, to analyze
the nucleotide sequence, the product was sent to the Macrogen
Company.

Levan isolation and purification

The method described by Srikanth, et al. was adopted in extracting
Levan from the Mineral Salts Broth medium containing 20%
sucrose and after the incubation period ends, transferred to a water
bath at boiling to 100°C for 30 min and left to cool. Centrifugation
was carried out at 10000 x g for 30 minutes to obtain two layers of
the supernatant and sediment [24]. To eliminate the effectiveness
of the extracellular enzyme’s remnants in the supernatant, it was
returned to the water bath for 5 min and left at 25°C for cooling and
then increasing the pH of the supernatant within a range of 9.0-10.0
using potassium hydroxide 1 M KOH. Afterward, chilled ethanol
was added at -20°C and a concentration of 80% at 1:2 (volume of
the solution: volume of the extraction solvent). Then 1 ml of CaCl,
was added to it at a concentration of 1% with continuous stirring
for 20 min to enhance the precipitation process of the Levan and
left to the next day preserved at a temperature of 4°C to form an easy
to separate aqueous layer. The precipitated granules were collected
by centrifugation at 10000 x g for 15 min and washed again with
chilled ethanol of the same concentration of 80% at a rate of 1:4
(weight: volume of extraction solvent), and placed in a pre-prepared
sterile glass petri dish and left at 45°C to dry. The purification
stage was then carried out according to the method described by
Dahech, et al. in purifying the Levan obtained by re-dissolving it
again after being dried with De-lonized Water (DIW) [25]. Then a
dialysis process was performed with dialysis bags prepared for this
with a pore diameter ranging from 12-14 kDa, which was placed
in a container containing deionized water and left at 4°C for 72
hours, with replacing water two to three times a day. This diameter
was mentioned by Gonzalez, at al. which is the elimination of low
molecular weights from proteins, nuclear acids, or other organic
compounds that can be found in the middle of fermentation [26].
Subsequently, a lyophilized operation at -55°C was performed using
the Christ Alpha 1-2 LD lyophilized device of German origin to

obtain a dry powder and store it in the refrigerator.
Identification of levan

High-Performance Liquid Chromatography (HPLC) analysis:
This analysis was carried out using the USA HPLC system; The
aqueous extract was separated on Fast Liquid Chromatographic
(FLC) NH, column, 3 pm particle size (50 x 4.6 mm) refractive
index detector, Shimadzu RID-10A Mobile phase: deionized water:
acetonitrile (50:50, V/V), flow rate 0.1 mL/min, temperature
30°C, injection volume 20 pl. A sample (I mg) of a standard Levan
produced from Erwinia herbicola bacterial isolation, which is



Omar MM, et al.

supplied by the German company Sigma-Aldrich. Moreover, under
experimental conditions, each of the standard solutions of sugars
(fructose, glucose, and sucrose), were dissolved in 10 ml of the
mobile phase to the obtained standard of 100 pg/ml and the same
for Levan and diluted to 25 pg/ml for each standard, then eluted
on HPLC under the optimum separation conditions. The resulting
solution was filtered again through a 0.45 um pore size membrane
(Millipore) and then chromatographed using isocratic elution with
an acetonitrilewater mixture (50:50, v/v) at a flow rate of 1 mL/
min and the column temperature of 40°C.

Fourier Transform Infrared Spectroscopy (FTIR) analysis:
This analysis has been carried out using (Bruker-Tensor 27 with
an ATR unit). Compared with the standard sample Levan from
Erwinia herbicola (Sigma-Aldrich) and local isolate B. lichniformans
M]J8. The instrument operates in the wave number range of (600-
4000) which measures the amount of IR radiation reflected or
transmitted through a sample. The result is obtained in a graphical
chart, in which the X-axis represents the wave number while the
Y-axis represents the transmittance %.

Scanning Electron Microscope (SEM) analysis: Scanning Electron
Microscope (SEM, Axia ChemiSEM) technology was used to
determine the surface morphology of the Levan. The SEM stubs were
attached to the freeze-dried pure Levan using double-faced adhesive
tape before having the gold coating applied in an ion sputtering
device. At a 10 kV acceleration voltage, the microstructures of
samples at various magnifications were examined. SEM pictures of
Levan samples at magnifications of 2500, 5000, 7000, and 13000x

were collected for this investigation.

Atomic Force Micrograph (AFM) analysis: Atomic Force
Micrograph (AFM, FlexAFM) analysis was used to determine
the surface morphology and roughness of Levan. In an airtight
container, the 1 mg/ml Levan solution was created and constantly
swirled for 1 hour at 40°C. 5 L of the Levan solution was absorbed
into the mica sheet after it had reached room temperature. Levan's
AFM pictures were captured in tapping mode after a drying period
at room temperature.

RESULTS AND DISCUSSION

Isolation and primary screening

The isolation and primary screening process were carried out
simultaneously by applying selective pressure on the isolation
sources. The main aim was to obtain the bacterial isolates from
Bacillus spp. The selective isolates, which colonies have high
viscosity, Therefore, these isolates were characterized by their wavy
edges, rounded, slightly lobed, irregular shape, creamy, brownish in
color, and sticky at times [27,28]. The results of the morphological
tests also showed that they possess microscopic characteristics
similar to the genus Bacillus, in that they possess bacillary or semi-
bacillary forms that are grouped in the form of short chains and
often in the form of pairs. It also can move, using the flagella that
enable it to move in liquid and semi-liquid mediums, gram-positive,
endosporeforming, with the difference in the spore location
according to the isolate species. These characteristics agree with
what was mentioned by the taxonomic sources approved and are
unique in identifying Bacillus bacteria [18]. The isolates that show
high viscosity around their colonies in the form of slimy mucoid
spots on the surface as an apparent indication of their ability to
produce the enzyme Levansucrase as a result of fermentation of
sucrose added to isolation media using the Mineral Salts Agar
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(MSA) modified by adding sucrose at a rate of 20%. And it is
worth noting that the mucoid name method was launched on
this method as one of the indications for the positive examination
in the two media. Thus, 26 isolates were obtained from different
isolation sources, distinguished by their ability to produce sticky
material around their colonies, eleven of which are S7, S8, S9,
S10, S11, S12, S13, S14, F3, F4, and F5 isolated from the soil of
the potato crop, soil of sativa plant, persimmon fruit. A rate of
42.30% was distinguished by their high viscosity similar to the
glue around their colonies (colloidal white colonies), in addition
to the amount of sticky material produced, which are among
the critical indicators of the ability of these isolates to produce
the Levansucrase (Levan) as shown. However, eight isolates from
different isolation sources, at a rate of 30.76% showed a lower
viscosity than their predecessor’s medium around their colonies.
During the same 48-hour incubation period, besides, three isolates
in the same incubation period gave a very weak viscosity, at a rate
of 26.92%, as shown. It is worth noting that the treatment carried
out on the isolation sources led to the elimination of the vegetative
cells of the bacteria. In contrast, the spores resisted the heat, which
grew after providing the appropriate conditions. The development
of the bacterial isolates obtained in aerial conditions prevented the
growth of the Clostridium bacteria, which form the spores naturally
grown in anaerobic conditions (Table 1) (Figure 1).

Table 1: The efficiency of 26 isolates producing Levansucrase enzyme
in Mineral Salts Agar modified with 20% sucrose is estimated based on
Levan formation represented in the sticky mucous membrane around the

colonies after 48h at 37°C.

Isolates Isolation source Sample Levan forming
1s Amiriya area Soil of the house .
garden
25 Amiriya area Soil of the house .
garden
$3 Amiriya area Soil of the house .
garden
s4 Amiriya area Soil of the house .
garden
S5 Amiriya area Soil of the house .
garden
6 Amiriya area Soil of the house N
garden
Fields of the Field  Soil of the Potato
S7 4+
Crops Department crop
Fields of the Field  Soil of the Potato
S8 4
Crops Department crop
Fields of the . ,
S9 horticultural Soil of Sativa 4t
plant
department
Fields of the ) )
S10 horticultural Soil of Sativa e+
plant
department
Fields of the . .
S11 horticultural Soil of Sativa et
plant
department
Fields of the . .
S12 horticultural Soil of Sativa -
plant
department
Fields of the . .
S13 horticultural Soil of Sativa e+t
plant
department
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Fields of the
) Soil of Sativa
S14 horticultural e+
plant
department
Sweets from vendors’
Cl1 Rotten sweets +
carts
Sweets from vendors’
C2 Rotten sweets ++
carts
Sweets from vendors’
C3 Rotten sweets +
carts
Sweets from vendors’
C4 Rotten sweets +
carts
Fl1 Rotten fruit Persimmon fruit +
F2 Rotten fruit Persimmon fruit ++
F3 Rotten fruit Persimmon fruit e+
F4 Rotten fruit Persimmon fruit e+
F5 Rotten fruit Persimmon fruit e+t
1] Natural juice residues Fruit peels +
2] Natural juice residues Fruit peels ++
Al Rotten jam Carrot jam ++

Note: +++: High viscosity; ++: Medium viscosity; + :Low viscosity

Figure 1: Sticky colonies of isolates were obtained by the mucoid
method on the medium of Mineral Salts Agar (MSA) modified with

20% sucrose after incubation for 48 hours.

Secondary screening

Submerged fermentation was accomplished for the production of
Levansucrase as reported earlier among 26 tested bacterial isolates,
11 Levan bacterial strains (top Levansucrase producer), namely (S7,
S8, 589, S10, S11,S12, S13, S14, F3, F4, F5) were selected for further
investigations for subjected to secondary screening by assay enzyme
activity (U/ml). The isolate S8 in secondary screening showed
maximum activity of 529.87 U/ml, followed by S9 (396.4598 U/
ml) and F4 (379.9935 U/ml). The minimum activity was found in
S11 (195.4855 U/ml) (Figure 2).

400

I I I IthArea I I I I I
o i I
57 s8  §9 S0 §11  S12  S13 sS4 F3 A FS

Isolates

g 8

Enzyme activity (U/ml)
g

Figure 2: Quantitative secondary screening to test the efficiency of
Bacillus spp.
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Isolates for the production of Levansucrase activity (U/ml) in
Mineral Salts Broth medium modified with 20% sucrose at pH
7.0, a temperature of 37°C, inoculum volume of 2 x 10° cells/ml,
an incubation period of 48 hours, and a stirring speed of 150 rpm.

Established on secondary screening, the S8 isolate was selected as
the best producer of Levansucrase and subjected to biochemical
tests and molecular identification. Some studies have indicated the
successful use of the reagent method now primary and secondary
the microorganism species producing
Levansucrase, [29] were able to obtain 42 isolates of soil samples

screening to isolate
collected from Jinan city in China from bacteria belonging to the
genus Bacillus that produce the enzyme Levansucrase through the
formation of fibrin, as isolates numbered 8-37-0-1 showed the
highest productivity, The selected isolate was diagnosed through
the 16S rRNA gene and using what is available in the gene bank,
it was found that it belongs to the type Bacillus licheniformis and
registered with the number KF647836.1 [30] isolated Bacillus
licheniformis strain RN-01, diagnosed it on the molecular plane,
and recorded it in GenBank No. FJ171619.1 and isolated at 50°C
from soil models in the Rinong Province, Thailand, hot springs
area showed high enzyme productivity. Levansucrase was used to
transfer the gene responsible for the production of this enzyme and
its coloration in E. coli bacteria [20]. While found the possibility
of isolating Levansucrase-producing bacteria from soil samples
collected from Maitreya Station in Antarctica, and after conducting
the primary and secondary screening process for the isolates, it was
possible to obtain a high-productivity isolate, and after performing
the diagnostic process for a gene 16S rRNA and after receiving the
mentioned gene sequences and using the available information
in the NCBI Gene Bank, it was found that the isolate belongs to
Bacillus licheniformis, this strain was registered as ANT 179 with
access number JQO00031.1. isolated B. licheniformis strain BK2 from
the soil, diagnosed it through the 16S rRNA gene, and registered it
in GenBank No. MF774878.1, as this isolate was characterized by
its high ability to produce Levansucrase enzyme and transfer the
gene responsible for producing this enzyme to E. coli BL21 bacteria
with increased ability to express [31].

Identification of the most efficient local isolates Bacillus
sp. (S8)

Vitek2 compact system identification: The isolate (S8) was
identified using the Vitek2 compact system. The result showed
similarity of this isolate to Bacillus licheniformis by a probability of
92%, as shown in Figure, thus confirming its belonging to the
target species specifically for the study Soliman, et al. pointed
out that the adoption of traditional methods in biochemical tests
is somewhat complicated due to the need for large quantities of
materials, some of which may be expensive, as well as the long
time that some tests may take compared to the technology of the
Vitek2 system [32]. The Bacillaceae family (BCL) card is highly
accurate in identifying several species of aerobic bacteria that form
endospores, valenza, et al. reported a significant difference between
the traditional methods of identification results and the results of

the Vitek2 system [33,34] (Figure 3).

Confirmatory molecular identification of Bacillus
licheniformis S8

The gel electrophoresis Agarose results were shown usinga U.V light
detector of DNA extracted from isolate S8 by PCR amplification of
gene 16S rRNA assay (Figure 4).
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oot Card: BCL o bor: 2301888103 [Expires:  far 7 2023 1200
Information Complated: {J,;n‘goég‘orzz Status:  Final :I"'.:l‘f'i' 13.80 hours
(Organism Origin VITEK 2
. 92% Probability Bacillus licheniformis

Selected Organism P

Bionumber: 1332381755476270 Confidence: Good identification
Biochemical Details
1 lexye [+ 03 Jusa |- a4 Jaspa 5 |Leua (+) [7 [Phea + |8 [Proa
9 [sgaL [+ [10 [pyra + |11 |acaL - 412 |Aalas - |13 |Twa + |14 |enag |-
15 |lappa |+ [18 |coEx |+ [18 JoGAL 21 [GLYG - J22 |nO + |24 |mac +
25 [eLm |+ [26 [mdx - [27 Jaman |- |29 mTE + |30 [GiyaA + 31 Joman |+
32 [oMNE |+ |34 [amiz 36 |NAG + a7 |PLE + |39 [RHA - |41 |Bou |+
43 [BMAN |- |44 [PHC - 45 |pvaTE [+ |48 [aGLU +  lar |aTAG + |48 laTRE |+
50 |INU - |53 |dGLU |+ |54 |dRIB + |56 |PSCNa - |58 [NaClB.5% + |59 |KaN -
80 _|oLp + |81 [esc [+ |s2 fT1Z + |s3 [PoLyB_R |

Figure 3: Results of biochemical tests contained in the Bacillaceae family card (BCL) in the Vitek 2
compact system for the most efficient local isolate Bacillus licheniformis S8

1500bp

1000bp

S00bp

100bp

isolate using the 16S rRNA gene.

M1

16s

Figure 4: Electrophoresis of the PCR product on an agarose gel of Bacillus licheniformis S8 efficient local

Note: Marker Ladder: 100-1500 bp; M: negative control; Numbers 1: local isolate

Sequence analysis: PCR products were sent to Microgen Company/
Korean to determine the sequences of the nitrogen bases. The
result showed the molecular size of the gene amplification band
was 1121 bp compared with ladder size under the same conditions.
These sequences were compared with the available information on
those found in the NCBI through the PLAST Nucleotide program.
Identified isolation shows a 100% match between this isolate and
the strains of Bacillus licheniformis bacteria registered in NCBI.

In the study of nitrogenous bases sequence of DNA to identify B.
lichniformans stated that the 16S rRNA gene had been successfully
used to study nitrogenous bases sequence of DNA to distinguish
between different types of bacteria, including Bacillus spp.
specifically, thus, it gives conclusive results in the identification
[35]. The nitrogen base sequences from Bacillus licheniformis S8
registered on the NCBI belong to Bacillus licheniformis strain MJ8
Accession number: OM672244.1 and to draw the phylogenetic tree
for the local isolate through the Blast Tree View (BTV) program,
depending on the 16S rRNA sequences, this program is adopted
when using the maximum probability of finding the phylogenetic
tree with the selection of the most accurate form of the possibility
of the degree of evolutionary kinship between isolates. The below
figure showed an apparent convergence between the local isolate
understudy, Bacillus licheniformis strain MJ8, and the recorded
standard strains in the NCBI GenBank. It is reported that many
researchers have used identification at the molecular level to

Appli Microbiol Open Access, Vol.11 Iss.No: 8

identify Bacillus licheniformis (Figure 5) [36-39].
Identification of levan

HPLC analysiss HPLC technology is adopted to identify
polysaccharides obtained by extraction method and product from
B. lichniformans is the most efficient locally produced and isolated
to confirm it belongs to Levan. From beloew Figure 6 shows the
retention time for the standard solutions of fructose, glucose, and
sucrose and the standard sample of Levan produced from the E.
herbicola and for the sample under study and respectively. Since
it is noticed that one peak appears for the Levan under study and
its retention time matches the retention time for the standard of
Levan, as it was (2.540 and 2.523) minutes, respectively. However,
the retention time for fructose, glucose, and sucrose was 2.546,
4.228, and 5.148 minutes, respectively. These data confirm that the
polysaccharide produced is pure and consists of fructose units and
is a type of homopolysaccharides [40]. In addition to being a type
of fructan belonging to the group of Fructooligosaccharide (FOS)
[41]. Furthermore, Benigar, et al. succeeded in extracting Levan
from isolates Zymomonas mobilis and E. herbicola and measuring
their structures by several techniques; it was found that Levan
is composed of fructose, while Pei, et al. demonstrated that the
backbone of Levan consisted of 2,6-substituted B-fructose using the

HPLC technique [42,43] (Figure 6).
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based on the Blast Tree View (BTV) program.

@ Bacillus =p. (in: Bacteria) NGB-R5S5 gene for 165 ribosomal RNA, partial se..
‘ firmicuies and bacteria | 38 leaves
& @ Bacillus licheniformis surain AN-16 165 ribosomal RNA gene, pantial sequen.
@ o firmicutes | 33 leaves
o =l firmicutes | 2 leaves
@ Bacillus licheniformis straim RB7 165 nibosomal RNA gene, partial sequence
@ Bacillus paralicheniformis strain CCBAG-2 168 ribosomal RMNA gene, partial |
& Bacillus licheniformis strain MJE 168 ribosomal RMA gene. partial sequence
@ Bacillus licheniformis |
> @ Bacillus licheniformi

@ Bacillus licheniformis surain SR31 165 ribosomal RMNA gene, partial sequence

Figure 5: Genetic tree of a local isolate with several strains of the same bacteria in the NCBI GenBank

MIS 165 ribosomal RNA gene, partial sequence
BY6S 165 ribosomal RNA gene, partial scquen

e
KFTHAY
AN
R

188

115387

Figure 6: HPLC analysis of Levan production.

Note: A: Standard Levan (Sigma-Aldrich) from Erwinia herbicola; B: Standard Sugar (F: Fructose; G:
Glucose; S: Sucrose); Levan produce from B. lichniformans MJ8

FTIR analysis: The results of this technique showed the presence
of the adjustable frequency group C-O for both samples standard
from E. herbicola (Sigma-Aldrich) and Levan from B. lichniformans
at the wavelength of 1123.44 cm™ and 1122.07 cm’!, respectively.
In contrast, the bending group starts at CH, OH at 1325.66 cm!
and 1326.78 cm corresponding to the corresponding frequency
with this group at wavelength 1424.50 cm® and 1425.42 cm’!,
respectively. In contrast, the stretchable frequency of ketone groups
appeared at 1645.44 cm™ and 1660.14 cm’!, respectively, whereas
at the 8.58 cm™ and 2933.13 cm™ for the model, the adjustable
frequency of the CH group appeared for the two samples,
respectively, studied the characterization of Levan produced from
Pseudomonas fluorescens and, based on the FTIR analysis, found
that the structure of Levan was homologous to the standard Levan
sample which the broad stretching peak of O-H stretching around
3319.26 cm’!, C-H vibration was observed at about 2935.48 cm
!, carbonyl C=0O stretching noted at 1722.31 cm [44]. The FTIR
spectrum analysis of Levan produced from L. mesenteroides showed
the presence of hydroxyl stretching and vibrations in polysaccharides
[45]. Based on FTIR spectra analysis of Levan produced from B.
licheniformis showed that the stretching of O-H vibrations appeared
at the wavelength around 3300 cm™, while the band at around 2900
represents C-H stretching, the peak at the wavenumber of 1660
cm’ is typical for C=0O stretching, also analysis the Levan secreted
from Halomonas and Chromohlobacter by FTIR and found that

Appli Microbiol Open Access, Vol.11 Iss.No: 8

the O-H stretching at the wavenumber range from 3600-3200 cm,
the C-H stretching at the wavenumber range from 3000-2800 cm,
while the vibration of C=O at the wavenumber of 1641.16 cm’, and
the region of typical carbohydrate at the fingerprints wavenumber

range of 800-1000 cm™ (Figure 7) [46,47].

Scanning Electron Microscope (SEM) analysis: In order to
examine the Levan's microstructure and surface morphology,
which may aid in comprehending its physical characteristics, a
scanning electron microscopy investigation was carried out. Below
figure displays the surface morphology micrographs of Levan at
2500, 5000, 7000, and 13000. Levan in this research had a highly
branched and porous structure, as shown in the SEM photos.
Levan was thought to be most likely to be used in the food and
cosmetics sectors as a texturing, thickening, stabilizing, and water-
binding agent due to its highly branched and porous structure,
which was thought to be favorable to the development of hydrated
polymer [48-50]. Additionally, SEM scans showed that Levan had
a glossy, sheet-like surface that might be used to create a plasticized
film [51]. The microstructure of the Levan generated by Bacillus
mojavensis and Brenneria sp. in this work was comparable to that of
glucan produced by Leuconostoc pseudomesenteroides XG5, which had
a smooth and sparkling surface and a highly branching structure
[50]. A consistent porosity network was seen in EniD312 (Figure
8) [52,53].
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Figure 7: Infrared spectroscopy (FT-IR) of a Levan produced from the most efficient local isolate B. lichniformans MJ8 (Blueline)
and the comparison sample for Levan produced by E. herbicola (Redline)

Figure 8: SEM images of purified Levan at 2500 x (A), 5000 x (B), 7000 x (C), 13000 x (D) magnification.

Atomic Force Micrograph (AFM) analysiss AFM, which was
created on the basis of SEM, is a helpful technique for evaluating
polymer morphology with high resolution and ease of use. Levan's
topography AFM pictures showed many ellipsoidal or spheroidal
particles and lumps that resembled spikes, demonstrating that
polysaccharides had a significant attraction for the water molecules
[23,54]. The mean roughness was 1.48 nm, the average roughness
was 3.41 nm, and the highest peak height of the rounded lumps
was 166 nm. Levan's maximal height was much greater than the

Appli Microbiol Open Access, Vol.11 Iss.No: 8

height of a single polysaccharide chain (0.1-1 nm), indicating that
Levan's intermolecular and intramolecular aggregation may have
contributed to the densely packed molecular structure shown in
AFM pictures [48]. In contrast to Lactobacillus reuteri E81 glucan,
which had tangled networks [55], and Mesona blumes gum EPS
polymer, which had an uneven structure like the worm, a comparable
result was observed for the EPS polymer from Lactobacillus sakei L3

(Figure 9) [56].
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Figure 9: AFM images of purified Levan (A) planar and (B) cubic

CONCLUSION

A novel strain of Bacillus sp. that can produce Levansucrase was
isolated from the soil rhizosphere of the Stevia plant. The local
isolate, Bacillus sp. (S8), showed it has a high ability to produce
enzymes using the medium of Mineral Salt Broth. The identification
tests with the Vitek2 system and at the molecular level confirmed
that this local isolate belongs to B. lichniformans and were called
B. lichniformans MJ8. The identification results of Levan using
HPLC technology showed an indication of the presence of fructose
when acidic decomposition. The possibility depends on one of the
characterization techniques to identify Levan. The best technique
for Levan characterization was shown to be the FTIR technique.
Moreover, the composition and structure of the synthesized Levan
were highly similar to that of natural Levan. In the future, we will
further study the biological function of the Levan synthesized by
the enzymatic method, and then explore the application way of
the Levan.
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