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Levan Produced by the Halophilic Bacterium Bacillus licheniformis BK1
as a Nanoparticle for Protein Immobilization
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Abstract: This study examined the potential of levan from the halophilic bacterium
Bacillus licheniformis BKI as a nanoparticle system for protein immobilization. Levan
produced by B. licheniformis BKI1 was obtained by incubating the bacterium in the
optimized Belghith medium, containing 15% (w/v) sucrose, 7.5% (w/v) NaCl and pH 8,
in a rotary shaker at 150 rpm for 16 h, at 40 °C. The structure of the levan produced was
verified by FTIR and NMR. It appeared that the levan had the same structure as that
from Erwinia herbicola. The obtained levan was then used as a nanoparticle system to
immobilize BSA and lysozyme proteins. The BSA-nanoparticle had a non-spherical shape
with a surface charge of about -4.72 mV and a size distribution in the range of 83-298 nm.
In contrast, the lysozyme-nanoparticle exhibited more spherical shapes with a surface
charge of -2.57 mV and 206-285 nm size distribution. The efficiency of immobilization
was about 74.26% and 81.77% for BSA and lysozyme, respectively. The study thus shows
that levan produced by B. licheniformis BKI can be used as a nanoparticle system for
protein immobilization.
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m INTRODUCTION

Levan is a fructooligosaccharide (fructans)
produced by certain types of microorganisms and plants.
This biopolymer is a product of transfructosylation and
polymerization reactions catalyzed by levansucrase with
sucrose as a substrate. Levan is widely used in various
industrial fields, such as medicine, food science, and
cosmetics. In the medical field, levan has been used as an
antitumor agent, an antioxidant, an anti-diabetic agent,
an anti-inflammatory agent, and an immunity enhancer
[1-5]. In the food science field, this biopolymer has been
issued for prebiotics, cake stabilizers and low-calorie
sweeteners [3]. In terms of cosmetics, it is used for skin
whitening, skin moisturizers and hair care [6].

Levan application has now extended into the field of
nanotechnology, where it is used as a material for
constructing nanoparticles. Levan produced by E. coli
carrying the recombinant levansucrase gene from Bacillus
licheniformis has been utilized as a dietary supplement
delivery nanoparticle, O-acetyl-a-tocopherol [7]. Levan

produced by Acetobacter xylinum NCIM2526 has been
used as a nanoparticle system for Au and Ag catalysts
[8]. Furthermore, levan isolated from Pseudomonas
syringae has been applied as Co, Fe and Se nanoparticles
for dietary supplements. Meanwhile, levan produced by
B. polymyxa PTCC1020 was employed as antibacterial
nanocomposites and levan produced by Acineto
bacternectar has been used to encapsulate 5-fluorouracil
for cancer drug delivery systems [9-11].

The above-mentioned levan applications are
mostly used for nano-carrier of small particles/molecules.
In the previous study, B. licheniformis BK-AG21 was
used as a levan producer. However, levan was mostly
produced intracellularly instead of extracellular, since
levansucrase that catalyzes the levan biosynthesis was
not excreted. The advantage of using B. licheniformis
BK1, is that the levan is produced extracellularly since
the levansucrase produced by this bacterium is excreted.
Therefore, levan purification becomes relatively easier.
In this study, levan was applied to create a nanoparticle
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for protein immobilization. BSA (Bovine Serum Albumin)
and lysozyme were used as protein targets to be
immobilized in the nanoparticles. In this study, the levan
used was produced by a halophilic bacterium Bacillus
licheniformis BK1 indigenous to a salty mud crater, Bledug
Kuwu, Central Java, Indonesia. This study began with the
optimization of levan production by B. licheniformis BK1
by modifying the production media and growth
conditions. Furthermore, the structure of the resulting
levan was verified by a spectroscopic method. After that,
the levan was used for the production of nanoparticles for
the immobilization of BSA and lysozyme. Thus, this study
examines the potential of levan derived from the
halophilic bacterium Bacillus licheniformis BK1 as a
nanoparticle system for protein immobilization.

m EXPERIMENTAL SECTION
Sources and Nature of Materials

A levan-producing bacterium, B. licheniformis BK1
indigenous from salty mud crater, Bledug Kuwu, Central
Java, Indonesia was obtained from the collection at the
biochemistry laboratory, Bandung Institute of
Technology, Bandung. BSA and lysozyme, here the target
proteins for immobilization, were purchased from Sigma
Aldrich. Materials for bacterial growth, such as yeast
extract, tryptone, bacto-agar were purchased from Sigma
Aldrich, while other components such as NaCl and
K,HPO4, were obtained from Merck. Other chemicals,
such as DNS (Dinitrosalicyclic) (Sigma Aldrich) and
Sucrose (Merck) were used for the activity measurement
of levansucrase, Na,SO, (Merck) was used for buffer
preparation, and ethanol 95% (Merck) was used for levan

extraction and purification.
Procedure

Potential assay for levan-producing bacteria

B. licheniformis BK1 was inoculated on a modified
Belghith medium containing 20% of (w/v) sucrose as a
carbon source, 10% (w/v) NaCl, 0.5% (w/v) as yeast
extract, 1% (w/v) tryptone and 0.25% (w/v) K;HPO, [12].
Then the inoculum was incubated at 37 °C for 24 h. A
positive result in this assay was the appearance of a
viscous mucus excreted by the bacterial colonies.
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Bacterial tolerance assay against salinity level

B. licheniformis BK1 is a halophilic bacterium,
therefore, in order to obtain the optimal growth, it was
incubated in a liquid Luria Bertani medium with varying
salinity levels. This was achieved by varying NaCl
concentration within the range of 0-15% (w/v). The
bacterium was incubated in a rotary shaking incubator
at 37 °C, 150 rpm, 24 h. Bacterial growth was monitored
by measuring the optical density with a UV-Vis
spectrophotometer at 600 nm [13].

Optimization of the production of levan

The other way to identify the potential of B.
licheniformis BK1 to produce levan is by measuring
levansucrase activity. Levansucrase activity was assayed
by DNS colorimetric method, in which a unit activity is
defined as the amount of enzyme needed to produce 1
pmol glucose resulted from the sucrose hydrolysis per
minute [12]. Therefore, the optimization of the enzymatic
reaction is a critical step to enhance the levan production
rate. This step was carried out by optimizing the
production medium compositions, pH, and temperature.
B. licheniformis BK1 was grown in the modified Belghith
medium with varied NaCl concentration within the range
of 1-20% (w/v), 1-20% (w/v) sucrose concentration, pH
4-10, a temperature range of 25-50 °C and also varying
the incubation time. The optimum medium and
conditions were then used to produce levan.

Isolation and purification of levan

Isolation of levan was performed following the
method developed by Tabernero et al. [11] with
modifications. The modification was made because the
original medium composition was made without the
addition of NaCl. This study used halophilic bacteria so
NaCl was added to the medium. The obtained culture
was heated to boil, then subsequently cooled to room
temperature and centrifuged at 7500 rpm for 20 min at
4 °C. Afterwards, the resulting supernatant and pellet were
separated. The collected supernatant was the mixed with
95% cold ethanol at a ratio of 3:1 (ethanol: supernatant)
to precipitate the levan. The mixture was then
centrifuged at 9,800 x g at 4 °C for 15 min. The obtained
levan was washed with 95% cold ethanol three times and
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ddH,O (double distilled water) twice. After that, it was
dried in an oven at a temperature of 60 °C for 4 h.

Characterization of levan structure

Fourier Transform Infrared (FTIR) spectroscopy.
The isolated levan from B. licheniformis BK1 was initially
characterized using Fourier Transform Infrared (FTIR;
Shimadzu IR Prestige-21) in order to identify functional
groups that constituted its structure and then compared
with a levan standard from E. herbicola. Levan was mixed
with KBr in the ratio of 1:100 to make a KBr pellet of 1
mm thickness. A spectrum of the sample was taken from
the wave number of 4500-500 cm™".

Nuclear Magnetic Resonance (NMR). The structure of
the sample and the levan standard was further verified
using 'H-NMR and "“C-NMR spectroscopy (JEOL
JNMECA 500). The sample of levan was dissolved in D,O
but the standard levan was dissolved in DMSO for both
NMR measurements.

Preparation of protein-levan nanoparticles
Protein-carrying nanoparticles were prepared by
following the method described by Sezer et al. [14]. A total
of 0.5% (w/v) of the isolated levan was dissolved in 10 mL
ddH,O pH 3.5. Next, 0.1% (w/v) of the protein was
dissolved in 10 mL of 20% (w/v) Na,SO4 solution and then
mixed with the Levan solution. In this study, BSA and
target
immobilization. The mixture was stirred using a magnetic

lysozyme were used as the protein for
stirrer with the stirring rate of 500 rpm for 20 h at room
temperature. After that, the mixture was centrifuged by
7500 rpm for 20 min at 4 °C to separate the pellet and the
supernatant. The obtained pellet was washed with ddH,O
three times and then dried for 2 h.

Characterization of levan nanoparticles
Morphological analysis. The isolated levan and levan-
protein nanoparticles were attached to a carbon adhesive
and then gold coated with 10 mA sputter-coater (Hitachi
MC 1000). The sample morphology was analyzed using
Scanning Electron Microscopy (SEM; Hitachi SU-3500).
Size distribution analysis and determination of the
surface charge. Prior to the measurements, the protein-
levan nanoparticles were dissolved in phosphate buffer
pH 7.3. Nanoparticle size and surface charge were
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measured with a particle size analyzer (Delsa™ Nano C
Particle Analyzer, Beckman Coulter). The surface charge
was expressed in Zeta Potential.

Determination of immobilization efficiency

Efficiency was determined by measuring protein
uptake before and after immobilization using the
Bradford method. The concentration of the protein
uptake was interpolated on to the BSA standard curve to
determine its concentration (Eq. (1)) [15]:

[P hrep [P Lpin

Efficiency of Immobilization=——==———"—x100% (1)

[P hep
m  RESULTS AND DISCUSSION

Test of B. licheniformis BK1 as a Potential Levan
Producer

The result showed that B. licheniformis could grow
on Belghith medium containing 20% (w/v) sucrose and
supplemented with the halophilic condition (10%
NaCl). There was thick mucus observed around the
medium after 24 h incubation at 37 °C. It was indicated
that B. licheniformis BK1 had great potential as a levan
producer (Fig. 1).

Optimization of Levan Production through
Levansucrase Characterization

The first optimization for levansucrase activity was
performed by varying the NaCl concentration of the
production medium (liquid Belghith medium) in the
range of 1-20% NaCl (w/v). Bacterial growth continued

Fig 1. The potential test result for B. licheniformis BK1
as levan producer on Belghith medium
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up to 15% (w/v) NaCl, hence justifying the observation that
B. licheniformis BK1 is moderately halophile. The highest
activity of levansucrase was observed at 7.5% (w/v) NaCl
(Fig. 2). In the next experiment, concentrations of sucrose
in the production medium were varied in the range of
1-20% (w/v) with optimized NaCl. Both bacterial growth
and levansucrase activity were observed after 24 h of
incubation. The results showed that the sucrose tolerance
for B. licheniformis BK1 was between 1-15% (Fig. 3). The
specific activity of levansucrase excreted by the bacterium

2.00 1 r&0.0
v 0.0
51 I:|:|. 'gj

o @
2 o
F40.0 =
o a
0 =
= 8
>1.00 L300 £
‘m o
= —_
= F20.0 5
i El
= EM -
5 050 g
=] k10.0
0.00 v v r v 0.0
0 5 10 15 20 25

NaCl% [wiv)
Fig 2. Effect of NaCl concentration variation on bacterial
growth (white circle) and levansucrase activity (black

square)
12 - 235
_ L 200
E 1.0 -
=
3 175 &
= L 150 E
206 :
® 125 <
% 041 100 gt
g H
002" | 75
0.0 . . ' ' . 50
25 30 35 40 45 50 55

Temperature (*C)
Fig 4. Effect of temperature variation on bacterial growth
(white circle) and levansucrase activity (black square)

Indones. I. Chem., 2020, 20 (3), 493 - 502

reached the highest value at 15% (w/v) of sucrose. For
the next test, the previously optimized NaCl and sucrose
were used with varying temperatures, from 25 to 50 °C
in increments of 5 °C. The bacterial growth apparently
still continued up to 40 °C, but then decreased sharply
above this temperature. Similarly, levansucrase specific
activity also exhibited its highest activity at 40 °C (Fig. 4).
Afterwards, B. lichenicormis BK1 was grown at the
optimized concentration of NaCl, sucrose, and

temperature in a serial medium containing different pH
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from 4 to 10 with an increment of 1 pH unit. Optimum
growth reached the highest point at pH 6 but levansucrase
activity was observed at pH 8 (Fig. 5).

The result showed that bacterial growth increased in
a log phase for 18 h and reached stationary above 18 h
incubation with OD value of 1.10 A. The latest log phase
showed the highest activity with a value of nearly 220
units/mg and declined dramatically to 40 units/mg above
18 h incubation (Fig. 6). The enzyme specific activity
decreased most likely because, at the stationary phase,
protease had been produced to provide additional carbon
sources from proteins in the medium.

Characterization of Levan Structures

The structure of the levan sample isolated from B.
licheniformis BK1 was elucidated with FTIR and NMR
spectroscopic methods and then verified by comparing its
spectra with those of a levan standard from E. herbicola
(Fig. 7). The FTIR spectrum of the sample revealed the
presence of ~-OH bond at a wavenumber of 3389 cm™, -CH
bond at a wavenumber of 2885 cm™, C-OH bond at a
wavenumber of 1018 cm™, furanose ring at a wavenumber
of 1057-1271 cm™’, and fingerprint area at wavenumber
0f928-1271 cm™" (Fig. 7(a)). These functional groups were
similar to those of the levan from E. herbicola thereby
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confirming that both were composed of similar
functional groups (Fig. 7(b)).

Further structural verification of the sample was
carried out by "H-NMR and “C-NMR. Similar to the
above FTIR spectral pattern, the obtained 'H-NMR
spectrum had a similar pattern and chemical shifts with
the levan standard from E. herbicola and the other
halophilic B. licheniformis BK-AG21 [16] (Table 1). In
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Table 1. The comparison of 'H-NMR chemical shifts for levan from B. licheniformis, E. herbicola and B. licheniformis

BK AG21
Chemical shifts (ppm)
Proton T , T
B. licheniformis BK1® E. herbicola® B. licheniformis BK AG21¢

H-1a 3.64 (d) 3.61 3.61 (d)

H-1b 3.73 (d) 3.70 3.73(d)

H-3 4.15 (d) 4.72 4.15 (d)

H-4 4.06 (t) 3.97 4.07 (1)

H-5 3.89 (m) 3.78 3.88 (m)

H-6 3.60 (t) 343 3.34(t)

*aLevan in this study; ®Levan standard; <Levan from Mamay et al. [16]
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terms of the shape of the sample spectrum, the spectra of
levan isolated from B. licheniformis BK1 (Fig. 8(a)) had
sharper peaks compared to those of the standard levan
(Fig. 8(b)).

Similar to "H-NMR result, similar spectral pattern and

chemical shifts were observed between the "C NMR
spectrum of the levan sample with those of the E.
herbicola standard (Fig. 9). The profile was also similar
to the reference levan from B. methylotrophicus
SK21.002 (Table 2). Based on all of these analyses, the
isolated levan from B. licheniformis BK1 was confirmed
to be levan with the structure depicted in Fig. 10.

Application of Bacterially Produced Levan as
Nanoparticles for Protein Immobilization

The BSA-levan nanoparticles, as seen in the SEM
image, exhibited a non-spherical morphological shape
(Fig. 11(a)). The size distribution of these nanoparticles
was in the range of 65-298 nm, but most of the
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nanoparticles were around 65 nm (Fig. 12(a)). The amount
of BSA that was successfully immobilized or incorporated
into the levan nanoparticles was about 74.26%. In contrast,
the SEM image and the size distribution of the lysozyme-
levan nanoparticles showed more spherical shapes and
more homogeneous particle sizes (Fig. 11(b)), which were
in the range of 206-285 nm (Fig. 12(b)). Furthermore, the
success rate for lysozyme immobilization on the levan-
nanoparticle was also higher at, about 81.75%.
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In order to verify the potential of B. licheniformis
BK1 as a levan producer, it was grown on the modified
Belghith medium containing 20% (w/v) sucrose as a
major carbon source. Since B. licheniformis BK1 is a
moderately halophilic bacterium, it was also added with
10% (w/v) NaCl. The potential of B. licheniformis BK1 as
a levan producer can be seen in Fig. 1 and was exhibited
by the appearance of a thick mucus secreted by the
bacterial cells after 24 h of incubation at 37 °C. The high

Table 2. The comparison of PC-NMR spectral chemical shifts of levan from B. licheniformis, Erwinia herbicola and

B. methylotrophicus SK21.002

Carb Chemical shifts (ppm)
arbon B. licheniformis BK1* E. herbicola® B. methylotrophicus SK21.002¢

C-1 60.09 62.20 61.20
C-2 104.27 105.80 102.66
C-3 76.26 78.60 77.51
C-4 75.26 77.20 76.10
C-5 80.35 81.90 80.77
C-6 63.44 65.00 63.94

*aLevan in this study; "Levan standard in this study;
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Fig 11. Scanning electron microscope image of the levan-nanoparticle system that interacted with (a) BVA and

(b) lysozyme
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sucrose concentration stimulated the bacterial cells to
release levansucrase to the medium which would then
hydrolyze the sucrose into glucose and fructose and
polymerize the fructose to become levan as well as
performing uptake of some glucose for its growth [18].
Based on the result, B. licheniformis BK1 was
categorized as moderately halophilic. These bacteria could
grow up in Belghith medium supplemented with 15% (w/v)
NacCl but the highest levansucrase activity was observed
well at 7.5% (w/v) NaCl. The activity of levansucrase in
catalyzing a reaction to produce levan is affected by
sucrose concentration, pH, and temperature [3]. In
addition, the use of halophilic bacterium in our study
must also take into account the medium salinity [19].
This study revealed that levansucrase excretion was
at the highest value when the medium was supplemented
with 15% (w/v) sucrose. This study was in line with
stated that when sucrose
greater  than  10%, the
transfructosylation reaction is preferred for the formation

previous research that

concentrations are

of levan. Concentrations of sucrose higher than 15% (w/v)
apparently inhibited bacterial growth and thereby
reduced the amount of enzyme excreted by the bacterium
as indicated by a sharp decrease in its specific activity [12].
Therefore, 7.5% (w/v) NaCl and 15% (w/v) of sucrose
were used in the next optimization.

All of the above-optimized parameters were then
used to optimize the incubation time in the levan
production. The bacteria were grown in the optimal
production medium for 34 h and both the growth of the
bacteria and the levansucrase specific activity was
monitored every two hours. The results, as seen in Fig. 6,
showed that the highest levansucrase specific activity was
observed at 14 h of incubation, which was at the transition
between the exponential and stationary phases.
Levansucrase activity sharply decreased after entering the
stationary phase. The enzyme specific activity decreased
because, at the stationary phase, it is most likely that
protease had been produced to provide additional carbon
sources from proteins in the medium. All of the above-
optimized parameters were used in further levan

production by B. licheniformis BK1.

Temperature optimization showed the bacteria
was able to grow in the temperature range of 25-50 °C.
However, levansucrase activity exhibited the highest
value at 40 °C and declined above that. These statements
were supported with another study that stated that
transfructosylation reaction of levan formation takes
place within the temperature of 10-40 °C [19]. In
addition, the study also showed that the bacterial growth
reached the optimum level at pH 6 but levansucrase
specific activity exhibited its highest activity at pH 8,
which is within the range of the typical pH conditions
for levan formation at pH 6-9 [12].

In this study, it was found that there were similar
functional groups of between the observed levan
produced by B. licheniformis and the levan standard
which was produced by E. herbicola. FTIR spectrum
revealed the presence of ~-OH, -CH, C-OH, furanose
ring, and fingerprint area of the levan from B.
licheniformis which was similar to that of E. herbicola.
The NMR spectrum of '"H and “C showed chemical
shifts although similarities in the pattern could be
detected. Spectra of the levan obtained from B.
licheniformis had sharper peaks compared to those of the
levan standard. This is likely due to the difference in
chain length, in which the chain length of the sample was
relatively shorter than that of the standard. The profile
of the levan from B. licheniformis is more similar to the
reference levan from B. methylotrophicus SK21.002, as
seen in Table 2, rather than the levan standard from E.
Herbicola [16]. Thus,
licheniformis could be determined and confirmed as

the levan structure of B.

shown in Fig. 10.

It has been previously studied that levan has the
potential to be developed as a nanomaterial for
nanoparticles or nanocarrier of proteins and peptides for
drugs or other applications [14]. The levan produced in
this study, obtained from B. licheniformis BK1, was
evaluated for its potential as a nanoparticle immobilizer
for two proteins, BSA and lysozyme. The resulted
nanoparticles were characterized by SEM and particle
size analyzer to study their morphology, particle size
distributions, and surface charge.
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The result showed levan-BSA had a non-spherical
shape with a size range of 65-298 nm (most of the
nanoparticles were around 65 nm), but lysozyme-levan
had a spherical shape with a size range of 206-285 nm and
also had higher immobilization rate. The difference in
morphology and the immobilization rate of proteins into
the levan nanoparticle system was likely due to the
difference of protein size. The result of the surface area
measurement, calculated by using Getarea program to the
crystal structure of both proteins revealed that the surface
area of BSA was about 2.69 x 10* A% which was
significantly larger than that of the lysozyme structure
that was only about 6.29 x 10° A2 [16]. In addition, as
'"H-NMR,
licheniformis BK1 on average had a shorter length than

revealed from levan produced by B.
those from E. herbicola, such that they could not fully
encapsulate the BSA molecular surface as well as the
surface of the lysozyme. Therefore, the length of the
biopolymer chain and the size of the protein or peptide
molecules are critical factors to determine the success rate
of producing a levan-nanoparticle system [15,17].

The analysis by using the particle size analyzer
revealed that the surface charge value of the levan-
nanoparticle that immobilized BSA and lysozyme were
-4.72 and -2.57 mV, respectively. The negative value
indicated that the outer surface of the proteins was not yet
fully covered by levans. Since the levan-nanoparticle that
immobilizes lysozyme had smaller negative value than
that of BSA, it was likely that lysozyme surface was more
covered than BSA. Sezer had successfully immobilized
BSA to a levan nanoparticle, where the levan was
produced by Holomonas sp. and obtained a positive
surface charge [14]. Therefore, different bacteria may
produce levans with different structural characteristics
resulting in different morphologies and surface charges.

m CONCLUSION

Levan produced by B. licheniformis BK1 was
enhanced in this study through the optimization of
levansucrase catalytic performance by varying medium
composition and growth conditions. Levan isolated from
B. licheniformis BK1 has a structural feature similar to
levan from the other Bacillus sp. and the levan of E.

herbicola. Levan produced from B. licheniformis BK1
can be used to immobilize proteins which have a
molecular size that is similar to or lower than lysozyme.
The success rate of levan to form a nanoparticle for
protein immobilization depends on the size of the target
protein and the average chain length of the levans.
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