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SING of enzymes in some industrial applications is still limited due to their instability

under severe conditions, and relatively high production charge. Accordingly, this work
deals with preparation and characterization of novel biocatalysts based on functionalized
multi-walled carbon nanotubes (MWCNTs) with calix[8]arene in presence of N-ethyl-N-(3-
dimethylaminopropyl) carbodiimide, (EDC) and glutardialdehyde (GA) crosslinkers. Among
5 honey isolates, the most potent levansucrase producer was identified based on 16S rRNA
as Bacillus subtilis. Moreover, in case of using 4000 U/g enzyme concentration, the enzyme
gave the highest immobilization yield (81%) onto uncrosslinked MWCNTs/calix[8]arene. The
prepared materials were characterized using: FTIR, TEM and particle size distribution analysis.
EDC had significant effect on the particle size (938 nm) relative to that in case of GA (746-784
nm) and un-functionalized MWCNTs (419 nm). Besides, the cytotoxicity of the immobilized
enzyme could be minimized up to100 pg/mL concentration against BHK fibroblast normal cells
in comparison with the free enzyme and MWCNTs. In general, all the prepared formulations

improved the enzyme stability to great instance in comparison with the free enzyme.
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Introduction

Carbon nano tubes (CNTs) have been used in
nanotechnology field to create new functional
nanostructures, due to its exceptional mechanical,
electrical and chemical properties. Consequently,
there is now an increasing interest in understanding
and controlling the interactions of them with
biological molecules, such as enzymes [1-7].

Enzyme immobilizations on carbon nanotubes
(CNTs) for fabrication of biofuel cells and for
preparation of biocatalysts are rapidly emerging
as new research areas. Various immobilization
methods have been developed, and in particular,
specific attachment of enzymes on carbon
nanotubes has been an important focus of
attention. The method of immobilization has an
effect on the preservation of the enzyme structure
and retention of the native biological function of
the enzyme [8].

Nanotechnology-inspired biocatalyst systems
have attracted a lot of attention in enzyme
immobilization recently. However, common
immobilization methods have limited the
applicability of these biocatalysts owing to enzyme
leaching, 3Dstructure loss, strong diffusion
resistance and expensive enzyme purification
requirement before immobilization. Site-specific
enzyme immobilization method overcomes the
foresaid limitations. It is based on the specific
interaction between His-tagged enzyme and
carbon nanotubes modified with N(a),N(a)-bis
(carboxymethyl)-L-lysinehydrate. This method
does not require enzyme purification and the
resulting nanoscale biocatalyst can maintain high
enzyme activity and stability [9, 10].

Functionalization of CNTs with organic,
polymeric, and biological molecules can provide
biocompatible nanotube composites with specific
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groups on their surface. Also, Haroun ef al. [11,
12] reported that novel carbon baste electrode and
functionalized MWCNTs-based nanocomposites
using B-cyclodextrin could be prepared for
several applications. Furthermore, recently some
bioactive materials such as citrus extract or
soyasapogenol B were successfully immobilized
onto functionalized MWCNTs [13, 14].

Enzyme immobilization is advantageous due
to enzyme recovery from product be easier, also
enzyme reuse and process scaling up. Moreover,
immobilized enzymes sometimes have higher
activity, stability, selectivity and resistance to
inhibitors [15-17]. Levansucrase (EC2.4.1.10) is a
fructosyl transferase forming levan from sucrose
that is ab-2, 6-linkedfructosehomopolymer with
some b-2,1-linked branched point [18, 19]. The
main levansucrase property is synthesis of-(2—
6)-levan by transferring fructosyl group of non-
activated sucrose into fructan chain [20].

Also, it has become a common goal for
many workers in the microbiological and
medical fields, due to the apparent significance
of this group of enzymes in tumor therapy via
exchanging the anti tumor activity of leukocytes.
There are several factors controlling the enzyme
immobilization including enzyme concentration,
matrix type, binders and crosslinkers. Nowadays,
few studies were mentioned in levansucrase
immobilization due to the interference of the levan
polymer with the levansucrase enzyme during
the immobilization process affording enzyme
inactivation [21]. Consequently, in this work
levansucrase immobilization onto functionalized
MWCNTs with calix[8]arene using simple
covalent binding technique has been carried out.
In addition the enzyme activity and cytotoxicity
of the immobilized enzyme were investigated in
comparison with the free enzyme and MWCNTs.

Experimental

Materials

- Multi-walled carbon nanotubes (MWCNTS),
carbon > 95%, O.D L 6-9 nm 5 um, Calix[8]
arene 90%, N,N bis carboxymethyl-L-lysine
hydrate 97%, cobalt (II) chloride 98%, N-
hydroxysuccinimide (NHS) and N-ethyl-N-(3-
dimethyl aminopropyl) carbodiimide (EDC),
crosslinker were obtained from Sigma-Aldrich.

- Normal fibroblast (BHK), and breast carcinoma
(MCF-7) cell lines were collected and prepared
for SRB cytotoxicity assay by National Cancer

Institute, Cairo University.
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- HEPES sterile buffer 1M obtained from BioWest.
- All chemicals and other reagents will be used
without further purification.

Methods

Isolation of bacterial strain from honey

Bacterial honey isolates were isolated from
Nigerian bee honey collecting nectar from mountain
flower. Honey’s samples are fresh non treated
ripe honey (directly collected in beehives). These
strains were subculture in agar medium and the
arisen colonies were harvested by glycerol solution
(50 %) and put in series of 2 mL cryogen vials
(Nalgene, USA). Tubes were frozen immediately
at -20 °C for 24 h followed by storage as working
cell bank at -80 °C for further study. This was an
important step to ensure that the starter culture of
each experiment of the same generation number.

16S rRNA Analysis technique

Preparation of template DNA

A pure cultivated bacterium was used for
identification. Colonies were picked up with
a sterilized toothpick suspended in 0.5 mL of
sterilizes saline in 1.5 mL centrifuge tube and
centrifuged at 10000 rpm for 10 min (Sigma
3-16KL model). Supernatant was removed and
the pellet was suspended in 0.5 mL of Insta Gene
Matrix (Bio-Rad, USA). Incubated at 56°C for
30 min and then heated at 100°C for 10 min.
After heating, supernatant can be used for PCR.
Template DNA 1uL in 20 pL of PCR reaction
solution 27F/1492R primers was used for bacteria,
then 35 amplification cycles at 94 °C for 45 sec,
at 55°C for 60 sec, and at 72°C for 60 sec were
performed. DNA fragments were amplified about
1400 bp in the case of bacteria. Include a positive
control (E.coli genomic DNA) and a negative
control in the PCR.

Sequencing

The purified PCR products of approximately
1400 bp were sequenced by using 2 primers AGA
GTT TGA TCM TGG CTC AGTAC GGY TAC
CTT GTT ACG ACT T and CCA GCA GCC
GCG GTA ATA CGTAC CAG GGT ATC TAA
TCC. Sequencing was performed by using big
dye terminator cycle sequencing kit (Applied
Bio-Systems, USA). Sequencing products
were resolved on an Applied Biosystems model
3730XL automated DNA sequencing system,
according to Baxevanis A.D. [22].

Purification and oxidation of MWCNTs
Pristine MWCNT (100 mg) was dispersed
in mixed concentrated sulphuric and nitric acids
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(3:1, v/v) at ratio of 50 mL acid mixture [23].
The resulted mixture was then heated at 110°C
overnight with continuous stirring to produce
oxidized carbon nanotubes (MWCNTs-COOH).
The sample washed with ultrapure water until
got neutral filtrate (pH 7.0). The collected solid
was dried under vacuum at 70°C for 12 h and kept
for further functionalization and analysis.

Enzyme production

Levansucrase production medium was
prepared and sterilized including the following
nutrients (g/L); (80) sucrose, (0.2) MgSO,, (5.5)
K,HPO, and (2.5) yeast extract. Each strain of
the isolated bacteria was used to inoculate 50 mL
of the production medium in 250 ml flasks stirred
at 150 rpm and incubated for 48 h at 30°C. After
incubation period, each flask was centrifuged and
the filtrate was applied for evaluation of enzyme

and protein concentrations by using Lowry
method [24].

Partial purification

The partial purification was carried out by
fractionated the culture filtrate using different
concentrations (30-90%) of acetone. Each fraction
was centrifuged at 4°C and levansucrase enzyme
activity was checked in each precipitate.

Immobilization of levansucrase enzyme onto
functionalized MWCNT5s

The MWCNTs functionalization — was
demonstrated using covalent binding process
in combination with sonication strategy [25].
MWCNTs-COOH powder and/or calix[8]arene
(10 mg) were dispersed in 200 mL HEPES buffer,
then reacted with 100 mM N-hydroxy succinimide
(NHS) as well as (1%) glutardialdehyde (GA) or

TABLE 1. Chemical composition of the prepared materials.

EDC. 20 mM N,N-bis(carboxymethyl) L-lysine
hydrate (ANTA) was dissolved in HEPES buffer
with excegs cobalt chlgride (CoCl,) to form
ANTA-Co . Excess Co was precipitated by
NaOH. The resulting Co(OH), was removed
by centrifugation at 8000 rpm for 10 min. The
supernatant containing ANTA-Co was collected
then mixed with above mixture to produce ester
complex. The byproducts and excess NHS were
removed by washing the complex with 20 mM
HEPES. Different concentrations of
levansucrase enzyme (3200, 4000 and 3600
U/g) was incubated with the ester complex
at 4°C overnight and the resulting conjugate was
collected by centrifugation. Different immobilized
enzyme formulations (1, 2 and 3) were washed
with HEPES buffer, dried and kept for further
investigation (Table 1).

Enzymatic activity

Levansucrase assay

According to the method of Yanase et al. [26]
with some modification. 0.5 ml of culture filtrate
was incubated with 1 ml of 20% sucrose and 1 ml
of 0.1 M acetate buffer at pH 5.2 and incubated
at 30°C for 15 min. The produced reducing sugar
was measured by glucose oxidase kits. One unit
of enzyme activity was defined as the amount of
enzyme that produces reducing sugars equivalent
to 1umol of glucose per min.

Thermal stability

The effect of temperature on free and
immobilized levansucrase was carried out by pre-
heating the levansucrase at different temperature
(30-60°C) and different time intervals (30, 60, 90,
120 min). Then residual activity was determined
under the optimized condition.

Sample code

Chemical composition

B
(M
@
)

MWCNTs
MWCNTs/Calix/ GA!

MWCNTs /Calix"

MWCNTs/Calix/EDC"

Levansucrase concentrations: I: 3200 , II: 4000 and III: 3600 U/g.

EDC: 1% Nethyl-N(3-dimethyl aminopropyl) carbodiimide.

GA: 1% Glutardialdehyde.
Calix: 10 mg of Calix[8]arene.

MWCNTs: 10 mg of oxidized multi-walled carbon nanotubes.

Egypt. J. Chem. 61, No. 4 (2018)
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Cytotoxicity measurements using SRB assay

Potential ~cytotoxicity of the prepared
nanomaterials was tested using the method of
Skehan et al. [27] as follows: Different cell
lines [normal fibroblast (BHK) and breast
carcinoma (MCF7)] were plated separately in
96-multiwell plate (10 cells/well) for 24 h before
treatment with the prepared formulations to allow
attachment of cell to the wall of the plate. Different
concentrations of the obtained materials under
investigation (0, 10, 25, 50 and 100) pg/mL were
prepared for each individual dose. Monolayer
cells were incubated with the prepared materials
for 48 h in 5% carbon dioxide atmosphere at 37°C.
After 48 h cells were fixed, washed and stained
with sulpho-rhodamine-B stain (SRB). Excess
stain washed with acetic acid and recovered with
Tris-EDTA buffer. Colour intensity was measured
in an ELISA reader. The relation between
surviving fraction and the prepared formulation
concentrations was plotted to get the survival
curves of the used cell lines.

Statistical analysis

The data will be expressed as mean £SD.
Differences between non-treated and treated cells
with the prepared formulations will be analyzed
using an unpaired t-test.

Result and Discussion

Levansucrase Production

Five bacteria were isolated from mountain
honey and screening for levansucrase production.
They coded HI1, H2, H3, H4 and HS5. The
most potent isolate was H4. It had the highest
levansucrase production (54.07 U/ml) and specific
activity (13 U/mg) as shown in Table 2. This

result was higher than that the previous studies
which mentioned the activity of Bacillus subtilis
NRC levansucrase and lower than that in the case
of the two Bacillus subtilis K, M levansucrase
activity recorded under the optimized conditions
(19.5 and 59.0, 62.0 U/mL, respectively) [28,
29]. The isolate was identified based on 16S
rRNA gene sequencing as Bacillus subtilis with
similarity 100%. The enzyme was partially
purified by fractional precipitation with acetone.
The most active fractions were obtained at 60%
concentration and recorded the highest specific
activity (145.7 U/mg).

Characterization of levansucrase immobilized
MWCNTs

The enzyme was loaded onto three different
formulations (1) MWCNTs/calix[8]arene/GA,
(2) MWCNTs/ calix[8]arene and (3) MWCNTs/
calix[8]arene/EDC, with different enzyme
concentrations 3200, 4000 and 3600 U/g,
respectively and crosslinkers (GA and EDC).
Formulation 1 recorded the highest immobilization
yield (81%), followed by formulations 2 and
3 (75.0 and 69.5 %, respectively). This means
that crosslinkers played an important role in
levansucrase activation and stabilization. Also,
the activity of the unbound enzyme was zero
suggested that the enzyme was completely
immobilized onto the functionalized MWCNTs.
However, the enzyme activity affected according
to the formulation condition. On the other hand,
calix[8]arene played also an important role in
the immobilization efficiency, because it has
cavity structure leading to enzyme embedding
enhancement. These results were in accordance
with that of Veesar et al [30] who reported

TABLE 2. Levansucrase enzyme activity of the different bacterial honey isolates.

Activity
Code of (U/mL) Specific activity
isolated bacteria (U/mg)
(U/ml)
H1 36.92 10.5
H2 6.259 8.2
H3 11.33 7.8
H4 54.07 13.0
HS5 41.18 11.7

Egypt. J. Chem. 61, No. 4 (2018)
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that the calix[4]arene immobilized o-amylase
retained 85% of its original activity and showed
significant thermal stability and durability than
the free enzyme. Also, B. amyloliquefaciens
levansucrase was immobilized onto glyoxyl
agarose-iminodiacetic acid/Cu/polyethyleneimine
by covalent method to show an activity yield of
54.69 % [31].

Figure 1 shows FTIR spectra of the prepared
levansucrase immobilized formulations (1)
in comparison with calix[8]arene and (B)
MWCNTs. IR spectrum of the crosslinked
MWCNTs/ calix[8]arene with GA (sample 1)
had small characteristic peaks at 1638 and 1394
cm  corresponding to the reacted carbonyl
groups. While, calix[8]arene spectrum showed
characteristic peaks at 2877,2952 and 3035
cm  corresponding to the CH, CH2 and CH3
groups, respectively. All other characteristic
peaks corresponding to the different functional
groups such as C=C, C-O, C-C aromatic, and
CH aromatic were observed. In other words,
all spectra showed that no changing in the
characteristic peaks of MWCNTs and calix[§]
arene after enzyme immobilization. This
indicating , that enzyme was immobilized via
ANTA-Co side reaction not onto MWCNTs
backbone structure.

Figure 2 shows TEM images of the prepared
levansucrase immobilized formulations (1)
MWCNTs/calix[8]arene/GA, (2) MWCNTs/
calix[8]arene and (3) MWCNTs/calix[8]arene/
EDC in comparison with (B) MWCNTs. It was
observed that, the size and morphology of the
different formulations were recorded with the same
resolution (100 nm). The immobilized enzyme
via covalent binding was confirmed by increasing
diameters and consequently the thickness of the
sidewall of the functionalized MWNT relative to
the un-immobilized samples. Similar observations
of uniform coating of the Candida rugosa lipase
to the MWNT via physically adsorption were also
previously reported [30].

Figure 3 and Table 3 show particle size
distribution of the prepared levansucrase
immobilized formulations (1), (2) and (3) in
comparison with (B) MWCNTs using DLS
technique. It can be observed thatthe presence
of  macrocyclic  molecule, calyx[8]arene,
increased significantly the particle size of the
functionalized MWCNTs (about 746, 784 and 938
nm, respectively) relative to MWCNTs (419 nm).
In other words, EDC crosslinker had great effect

on the particle size of the functionalized MWCNTs
(938 nm) in spite of the different immobilized
levansucrase enzyme concentrations.

Figure 4a shows in vitro cytotoxic activity
of the prepared levansucrase immobilized
formulations (1), (2) and (3) in comparison with
MWCNTs and free enzyme using BHK normal
cell line using SRB assay. It was observed
that when the carrier’s concentration was
increased, the surviving fractions were decreased
and consequently the dead cells (%) were
increased. This may be due to the controlled
release quantity of enzyme in the culture media.
Also the same behavior was found in case of the
un-immobilized compound (B) MWCNTs relative
to the free enzyme. While, Fig 4b shows in vitro
cytotoxic activity of MWCNTs in comparison
with the free levansucrase enzyme against BHK
and MCF7 carcinoma cell lines using SRB
assay. The free enzyme exhibited high cytotoxic
activity against normal BHK and MCF7 cell
lines relative to MWCNTSs up to concentration
100 pg/mL. It can be concluded that the presence
of macrocyclic compound, calix[8]arene, inside
the prepared formulations, controlled the enzyme
release and consequently retarded the cytotoxic
effects of levansucrase enzyme against normal
BHK and breast carcinoma MCF7 cell lines.

Thermal stability

Figure 5 shows thermal stability of
the prepared levansucrase immobilized
formulations (1), (2) and (3) relative to the
free enzyme form. As expected, the free
enzyme form lost about 90% of its activity at
60°C after 120 min. While, most of the prepared
formulations enhanced the enzyme stability to
great instance in comparison with the free form.
Immobilized levansucrase formulations could
remain about 91, 78 and 88%, respectively,
of its original activity at 40°C after 120
min relative to the free form (68%). On the other
hand, the relative enzyme activity could remain
about 41, 26 and 38%, respectively, of its original
activity at 60°C after 120 min relative to the free
form (10%). In other words, immobilized
levansucrase enzyme kept most of its
activity at 40°C after 120 min. It can be
concluded that the formulation (1) MWCNTs/
calix/GA was the best one. These findings proved
that the presence of calix[8]arene cavity and GA
crosslinker during the enzyme immobilization
played an important role in the enzyme stability.

Egypt. J. Chem. 61, No. 4 (2018)
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Fig 1. FTIR spectra of the prepared levansucrase immobilized formulations (1) MWCNTSs/GA in comparison with
calix|[8]arene and (B) MWCNTs.

Fig 2. TEM images of the prepared levansucrase immobilized formulations (1) MWCNTs/Calix/GA, (2) MWCNTs/
Calix and (3) MWCNTs/Calix/EDC in comparison with (B) MWCNTs and the crosslinked ones.
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Fig 3. Particle size distribution analysis of the prepared levansucrase immobilized formulations 1) MWCNTs/
Calix/GA, (2) MWCNTs/Calix and (3) MWCNTs/Calix/EDC in comparison with (B) MWCNTs.

TABLE 3. Particle size distribution analysis of the prepared materials using DLS technique.

Sample Code Particle size (nm) Variance (PDI)
(B) 419+302 0.521
(1) 746+516 0.479
2) 784+485 0.382
3 938+831 0.782

Egypt. J. Chem. 61, No. 4 (2018)
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Fig 4. In vitro cytotoxic activity of the prepared levansucrase immobilized formulations [a] 1) MWCNTs/Calix/GA,
(2) MWCNTs/Calix and (3) MWCNTs/Calix/EDC in comparison with (B) MWCNTs and free enzyme using
BHK normal and [b] In vitro cytotoxic activity of MWCNTs in comparison with free enzyme (levan) using
BHK and MCF7 cell lines using SRB assay.
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Conclusion

This study is a new trial to overcome the
problems of levansucrase immobilization
through the prepared new formulations based
on MWCNTs and calix[8]arene. Levansucrase
enzyme was produced from pure honey using
new isolate microbes coded H,, H,, H,, H, and
H.. The promising levansucrase producer strain
was identified as Bacillus subtilis. Besides,
three formulations with different enzyme
concentrations were prepared and characterized.
Levansucrase was successfully immobilized onto
functionalized MWCNTs using simple covalent
binding technique. Moreover, the cytotoxicity of
the immobilized enzyme could be minimized up
to100 pg/mL concentration against BHK fibroblast
normal cells in comparison with the free enzyme
and MWCNTs. This finding becomes a common
goal for many workers in the microbiological and
medical fields.
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