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Scaling up of levan yield in Bacillus subtilis M and cytotoxicity study on levan and
its derivatives
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This study focused on kinetics of levan yield by Bacillus subtilis M, in a 150 L stirred tank bioreactor under controlled
pH conditions. The optimized production medium was composed of (g/L): commercial sucrose 100.0, yeast extract 2.0,
K2HPO4 3.0 and MgSO4,7H2O 0.2; an increase in both carbohydrates consumption and cell growth depended on
increasing the size of the stirred tank bioreactor from 16 L to 150 L. The highest levansucrase production (63.4 U/mL) and
levan yield of 47 g/L was obtained after 24 h. Also, the specific levan yield (Yp/x) which reflects the cell productivity
increased with the size increase of the stirred tank bioreactor and reached its maximum value of about 29.4 g/g cells.
These results suggested that B. subtilis M could play an important role in levan yield on a large scale in the future.
Chemical modifications of B. subtilis M crude levan (CL) into sulfated (SL), phosphorylated (PL), and carboxymethylated
levans (CML) were done. The difference in CL structure and its derivatives was detected by FT-IR transmission spectrum.
The cytotoxicity of CL and its derivatives were evaluated by HepGII, Mcf-7 and CaCo-2. In general most tested levans
forms had no significant cytotoxicity effect. In fact, the carboxymethylated and phosphrylated forms had a lower anti-
cancer effect than CL. On the other hand, SL had the highest cytotoxicity showing SL had a significant anti-cancer effect.
The results of cytotoxicity and cell viability were statistically analyzed using three-way ANOVA.
� 2018, The Society for Biotechnology, Japan. All rights reserved.
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Levan is a fascinating b-(2,6)-linked fructose polymer with a
unique combination of properties. The backbone of this homo-
polysaccharide consists of D-fructofuranosyl residues. Levansucrase
is one of the most important fructosyltransferase enzymes (sucrose:
2,6-b-D-fructan-2,6-b-D-fructosyltransferase, EC 2.4.1.10) respon-
sible for b-(2/ 6) levan from the transfructosylation reaction (1,2).

Levan has many potentials uses as an emulsifier, stabilizer and
thickener, encapsulating agent, osmoregulator, and cryo-protector
in a number of pharmaceutical and chemical industries such as
food and cosmetics. It is used to prolong drug activity, as a radio-
protector, and as an antitumor and cancer preventive agent (3e6).
A few years ago, levans were found to have antiviral and fibrinolytic
activities (7,8). In the last two decades, there has been a great
expansion in the study of levan as a multifunctional polysaccharide.
Manymicroorganisms such as Bacillus subtilis, Aerobacter levanicum,
Erwinia herbicola, Streptococcus salivarius and Zymomonas mobilis
were found to yield high molecular weight levan when grown on
sucrose medium (9). The biggest limitation of the levan polymer is
the cost. It is relatively expensive in comparison to other poly-
saccharides on the market. Due to its high cost, levan has only been
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produced and utilized in small quantities. Multiple properties of
levan gave it great importance in the industrial field, which drew
researchers’ attention to try producing large quantities (6).

Levansucrase EC 2.4.10 is considered one of the most important
enzymes which attracted interest of researchers in the last few
years. This catalyzes b-(2,6)-levan synthesis through sucrose hy-
drolysis to glucose and fructose (7).

Recently, levan derivatives have gained attention since they
have the potential to increase its biological activity. Levan de-
rivatives could be explored as promising bioactive compounds with
antioxidant and antitumor properties. It was noticed that poly-
saccharide derivatives had stronger antioxidant or antitumor ac-
tivities than their non-derivatized counterparts (5,9,10). Thus,
chemical modifications of polysaccharides give an opportunity for
developing new agents with possible therapeutic uses. A few years
ago, it was reported that Paenibacillus polymyxa EJS-3 levan was
successfully acetylated, phosphorylated and benzylated, affording
three levan derivatives with potential anticancer and antioxidant
activities (11). Scientists are looking for the factors putting the body
at risk and the factors which could protect against cancer.

This study focused on scaling up of B. subtilis M levan production
in a 150 L bioreactor. Chemical modification of crude levan (CL) by
sulfation, phosphorylation and carboxymethylation was done. The
All rights reserved.
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modification process was confirmed by different analytical methods.
Previously, B. subtilis M levan was characterized as a strong anti-
cancer agent (6). Accordingly, this work tries to evaluate the cyto-
toxicity of CL and their derivatives, against human colon carcinoma
cell line (Caco-2), liver hepatocellular carcinoma (HepG2) and hu-
man breast adenocarcinoma (Mcf-7). The results confirmed the CL
safety and also showed that the carboxymethylation and phos-
phorylation methods reduce the CL cytotoxicity and the cell viability
increases. On the other hand, the sulfation methods lowered the cell
viability and recorded the highest toxicity to the cancer cells
compared to the other three levans forms. The statistical methods
confirmed the validity of our results.
MATERIALS AND METHODS

Microorganism The strain used in this study was previously isolated from
mountain-honey, a honey bee collecting nectar from desert flower grown in Libya.
Honey was fresh non-treated ripe honey (directly collected from beehives). It was
identified as B. subtilis M based on molecular identification (7). The strain was
first cultivated on Luria Bertani (LB) agar medium of the following composition
(g/L): tryptone, 10; yeast extract, 5; NaCl, 10; and agar, 20 (pH 7.0). After 24 h
cultivation at 30 �C, the arisen colonies were harvested in 50% glycerol solution
(v/v) and stored in 2 mL cryovials (Nalgene Nunc Int., Rochester, NY, USA) and
stored at �80 �C as master cell bank to minimize intra-population and inoculum
quality variations during this study.

Fermentation medium Firstly, B. subtilis M was cultured on LB broth me-
dium. Then it was transferred to production medium with the following composi-
tion (g/l): yeast extract, 2.0, commercial sucrose, 100, MgSO4$7H2O, 0.2 and K2HPO4,
3.0 (pH 7.0). Cultivation was conducted with 24 h vegetative cells and inoculum size
of 5% v/v (inoculum density was measured at OD600). The inoculum culture for the
bioreactor was grown by inoculating 250 mL of B. subtilis M in a 250 mL shake flask
(50 mL working volume) and incubated on a rotary shaker (Innova 4080, New
Brunswick Scientific Co., NJ, USA) at 200 rpm and 30

�
C for 24 h. The pre-inoculum

was inoculated in 4 L working volume of a 7 L stirred tank bioreactor for 24 h, then
transferred to an 80 L working production medium of 150 L stirred tank bioreactor.

Bioreactor cultivation conditions Bottom drive stirred tank bioreactor
150 L (Bio Engineering, Wald, Switzerland) with working volume of 80 L, tank
diameter (dt) ¼ 410 mm and two 6-blade Rushton turbine impellers (impeller
diameter (di) ¼ 200 mm, di/dt ¼ 0.488) was used. Aeration was performed using
filtered sterile air and supplied continuously to the bioreactor with rate of
0.5 vvm. The agitation speed was adjusted to 100 rpm and kept constant during
cultivation time. Foam was suppressed by silicone antifoam addition. pH and
dissolved oxygen (DO) were determined throughout the cultivation process using
a liquid filled pH electrode and a DO polarographic electrode, respectively. In the
pH-controlled culture, the pH was adjusted to 7.0 by cascading the pH controller
with acid/base peristaltic pumps connected with 4 M HCl or NaOH. During the
fermentation, the medium was filtered and analyzed for the determination of
levan, cell biomass, DO and pH every 2 h for 36 h.

Determination of cell dry weight Samples, in the form of 2 flasks of 50 mL
of broth, or 10 mL of broth in the case of the bioreactor cultures, were taken at
different times during the cell cultivation in pre-weighed centrifugation tubes
(Falcon, USA) and centrifuged at 6000 rpm for 20 min. A small fraction of the
supernatant was frozen at �20 �C for carbohydrate analysis, whereas the
remaining centrifuged cells were washed twice using distilled water, followed by
centrifugation. The centrifugal tubes were then dried to a constant weight at
60 �C to determine the dry cell weight.

Determination of molecular weight Different concentrations of CL were
prepared, and the flow time of equal volumes for each concentration at 30 �C was
determined in a U-shaped Ostwald viscometer. Flow time of the same volume of
distilled water was also determined as the control. Thus, specific viscosity/C (gsp)
was estimated.

Degree of polymerization Degree of polymerization (DP) was determined
according to the following equation: DP ¼ molecular weight (MW) of CL/MW of the
monomers.

Total carbohydrates consumption The total carbohydrates were deter-
mined spectrophotometrically according to the method of Dubois et al. (12). The
samples were heated with sulfuric acid to hydrolyze the polysaccharides and
hydrate the monosaccharides to form furfural from pentoses and
hydroxymethylfurfural from hexoses. The solutions of furfural and hydroxyfurfural
were then treated with a phenol reagent to produce a colored compound and
measured spectrophotometrically using a Novaspec II spectrophotometer
(Pharmacia Biotech, Cambridge, UK).
Levansucrase assay Levansucrase assays were performed according to the
method of Yanase et al. (13). Culture filtrate (0.5 mL) was incubated with 1 mL 20%
sucrose (Sigma) and 0.5 mL 0.1 M acetate buffer at pH 5.2, and incubated at 30 �C for
15 min. The decreasing amounts of sugars produced were measured by glucose
oxidase kits.

Polymer yield and purification The levan producing organisms were
cultivated on a defined medium as described above. After the early stage of the
stationary phase, the culture was centrifuged at 3000 rpm to remove B. subtilis M
cells. The culture filtrate was dialyzed against deionized water for 48 h with dialysis
membrane (MWCO 14,000 Da, diameter 60 mm) to remove the unfermented su-
crose and any fermentation products with low molecular weight. Levan was
precipitated by using two volumes of ice-cold ethanol (99%). The dialysate was
frozen with liquid nitrogen and freeze dried to afford CL.

Chromatographic analysis Acid hydrolysis was done using 0.1 N HCl in a
boiling water bath for 1 h. The hydrolysis product was analyzed by descending
paper-chromatography using Whatman No. 1 and a solvent system of n-butanol:
acetone: water (4:5:1, v/v/v) and sprayed with aniline phthalate (14). The acid
hydrolyzed product was identified by high-performance liquid chromatography
(model Hewlett Packard 1050).

Levan modifications The carboxymethylation was carried out according to
the modified method of Ismail et al. (15). In a 100 mL round bottom flask, 5 g levan
was dissolved in 50 mL distilled water, and then 5 g of sodium monochloroacetate
was added. The reaction mixture was stirred at 400 rpm for 6 h at 70 �C.
Following cooling, neutralization was done with 90% acetic acid. The resultant
solution was dialyzed against distilled water in Visking tubing (pore sizes typically
range from 10 to 100 Å for 1e50 K molecular-weight cutoff membranes) for 72 h.
The remnant was concentrated and lyophilized to give dried carboxymethylated
levan (CML).

Phosphorylation of levan The phosphorylation of levan was performed
according to the method reported by Zhang et al. (16) with some modifications. CL
(5 g) was soaked in 200 mL of dimethyl formamide and 25 mL triethylamine. Then
12.5 mL phosphoric acid (PA) was added dropwise while stirring overnight at room
temperature. The resultant solution was dialyzed against distilled water with a
14,000 Da molecular weight cutoff membrane for 72 h. The remnant was
concentrated and lyophilized to give dried phosphorylated levan (PL).

Sulfation of levan This was achieved through adopting the method of Ragab
et al. (17) by using sulfuric acid as the sulfation agent. Fuming H2SO4 (45 mL) was
dropped in 80 mL frozen formamide in an ice bath. The reaction mixture was
poured into 3 g of CL wetted by 5 mL of formamide. The reaction mixture was
stirred overnight at 25 �C and then, diluted with 10 mL water. Neutralization was
accomplished by adding 30% NaOH. Then dialysis as described previously was
performed and the sample was dried to give sulfated levan (SL).

Physiochemical characterization The total carbohydrate content of levan
and its derivatives were determined using fructose as the standard in the phenol-
sulfuric method of Dubois et al. (12). The molecular weights of samples were
measured at 30 �C in a U-shaped Ostwald viscometer. Flow time of the same
volume of distilled water was also determined as the control. Thus, specific
viscosity/C (gsp) was estimated. Purity of CML was confirmed by use of loss on
drying, sodium and sodium chloride content according to Farm (18). The absolute
value degree of substitution CML (DSCM) was determined by the potentiometric
titration method (19). The degree average of phosphorylation (DSPL) was calculated
by the method of Chen et al. (10). The degree of sulfation (DSSL) was determined by
the turbidimetric method of cleaving the sulfate ester groups. DSSL was confirmed
by the sulfur content of SL according to the method of Hussein and Helmy (20) as
follows: An aqueous solution (4 mL) containing 100 mg of the investigated SL was
titrated with an aqueous solution of toluidine blue. FT-IR spectra measurements
were carried out using the KBr method. The infrared spectra of these samples were
recorded with a PerkineElmer spectrometer (model spectrum BX) between 400
and 4000 cm�1 using a resolution of 4 cm�1 and 64 co-added scans.

Cell viability assay In the present study, the human hepatocellular carci-
noma HepG2 cells, adenocarcinoma breast Mcf-7 cells, and colon carcinoma Caco-
2 cells were used to evaluate the influence of chemical modifications of levan on its
cytotoxicity on human solid tumor cells, compared with CL. The cells were grown in
a 96-well plate in RPMI 1640 media (Bio Whittaker BE12-702F, Lonza, Basel,
Switzerland) supplemented with 10 % fetal bovine serum (Gibco 10270) and
antibiotics (streptomycin, penicillin-G, amphotericin B, Lonza). Cells (105 cells/mL)
were incubated for 24 h at 37 �C in 5% CO2 before being treated with different
concentrations of levan derivatives and then incubated for 48 h at 37 �C. The cell
viability was measured using the 3-[4,5-dimethylthiazole-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) assay (21). This tetrazolium salt is
metabolically reduced by viable cells to yield a blue formazan product measured
at 540 nm spectrophotometrically. The mean of the cell viability values was
compared to the control untreated cells and the percentage of cell viability was
plotted against the derivative concentrations to calculate IC50.

Statistical analysis Data was analyzed using a three-way model of analysis
of variance (ANOVA) using Sigma Plot 12.5 software extended with the statistical
package (22).
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RESULTS AND DISCUSSION

Levansucrase production and levan yield in 150 L
bioreactor Levan has high-value applications. Many strategies
were done for the scaling up of levan and levansucrase. However,
till this moment there were no sufficient studies to meet the
industrial demand (7,23). Accordingly, one of our main goals in
this study was scaling up of levan yield process using a 150 L
fermentor and comparing its kinetics with our previous work (6).
In this work, inoculum was prepared in a 16 L bioreactor (with
working volume of 8 L). The results in Fig. 1 show that cells grew
exponentially reaching 2.05 g/L after 22 h. During this phase, the
levansucrase production and the levan yield (at controlled pH)
recorded the highest value of 42.5 U/mL and 29.0 g/L,
respectively, and the DO dropped in culture and reached almost 7
% saturation. The exponentially grown cells in the 16 L bioreactor
were used to inoculate the 150 L bioreactor (with working
volume of 80 L). As shown in Fig. 2, cells grew exponentially
without lag phase in 150 L bioreactor, reached 1.60 g/L after 16 h
and kept more or less constant for the rest of the cultivation
time. Levan was produced in culture in parallel to the growth. It
accumulated in the culture at a rate of 3.1 g/L/h, and reached a
maximal value of levansucrase activity (63.4 U/mL) and levan
yield (47.1 g/L) after only 24 h and kept more or less constant for
the rest of cultivation time. The calculated levan should be not
more than 39.5 g/L according to Ghaly’s theoretical yield (24).
The high value could be attributed to the production of another
polymer or entrapped low molecular weight sugars. Also, the
results pointed clearly to the firm correlation between the
levansucrase production and levan yield, since there was a direct
FIG. 1. Cell growth, levansucrase production and levan yield during submerged culti-
vation of Bacillus subtilis M in 16 L bioreactor for inoculum preparation stage.

FIG. 2. Cell growth, levansucrase production and levan production during submerged
cultivation of Bacillus subtilis M in 150 L bioreactor.
proportional between the enzyme production and levan yield as
shown in Table 1. The majority of recent levansucrases studies
aimed to the productivity of either the enzyme or the levan for
commercial use (25). Wu et al. (26) examined B. subtilis (natto)
Takahashi in 16 L fermentor for levan yield. The obtained levan
value was 61 g/L in medium containing sucrose (250 g/L). This
value was nearly matching Ghaly theoretical yield (24). In this
study, during the polysaccharide production phase, sucrose
concentration decreased gradually in the culture at a rate of 4 g/
L/h and became limited in the culture after 24 h. Thus, the
termination of levan yield and levansucrase production in this
culture was due to carbon source limitation. During the active
growth phase, the first 16 h of cultivation, the DO dropped
TABLE 1. Kinetics of cell growth and levan production by Bacillus subtilis M during
batch cultivation in shake-flasks and in 16 L and 150 L stirred tank bioreactors.

Parameter Shake-
flask

Stirred tank bioreactor

Bioreactor 16 L Bioreactor 150 L

Uncontrolled
pH

Controlled
pH ¼ 7

Controlled
pH ¼ 7

Xmax (g/L) 1.60 1.70 2.05 1.60
dx/dt (g/L/h) 0.13 0.16 0.19 0.15
Pmax (g/L) 18.60 22.10 29.00 47.10
Yp/x (g/g) 11.60 12.90 14.10 29.40
Levansucrase

(U/mL)
21.1 33.8 42.50 63.4

tf (h) 15.00 15.00 24.00 24.00
Mw (kDa) 35.50 e 50.00 72
DP 197.00 e 277.00 400.00

Xmax, maximal dry cell weight; dx/dt, growth rate; Pmax, maximal levan yield; Yp/x,
specific levan production (g levan/g biomass); tf, fermentation time.



FIG. 3. FT-IR transmission spectrum of crude levan and its derivatives (A) CL and SL, (B)
CL and PL and (C) CL and CML.
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dramatically as function of fast growth and reached almost zero
after only 18 h of cultivation. The obtained value of volumetric
levan yield in this work is almost doubled of those value reported
by other authors. Silbir et al. (27) showed that the maximum
levan yield of 31.8 g/L was obtained using continuous cultivation
at dilution rate of 0.14 h�1.

Comparison of fermentation parameters The kinetics of
levan yield by B. subtilis M, carbohydrate consumption and cell
growth were previously studied in shake flasks and 16 L stirred
tank bioreactor under controlled and uncontrolled pH conditions
(6). Comparison between different growth parameters in the
previous and current study was calculated and summarized in
Table 1. The results revealed significant differences between levan
yield and the cell growth kinetics when scaling up the process
from 16 L to 150 L bioreactor. The maximal cell growth of 2.05 g/L
was obtained at 16-L bioreactor, whereas the maximal biomass
obtained in 150 L bioreactor was only 1.6 g/L. On the other hand,
even the biomass in 150 L bioreactor was much less than 16 L,
the levan yield increased from 29 up to 47.1 g/L. The result also
pointed to the importance of pH control in increasing the levan
yield. The same finding was observed by Ua-Arak et al. (28). It
was reported in uncontrolled pH in fermentation process, the
levan size/molar mass diminished continuously according to the
continuous acidification of the nutrient medium. In terms of
bioprocess development in scaling up, it is clear that scaling up
the process from shake flask up to 150 L bioreactor resulted in a
significant increase in the volumetric production by 2.5-fold. This
high increase in production for the short time cultivation of only
24 h improved the economy process significantly with a high
potential for levan production on an industrial scale. The
molecular weights recorded 35.5, 50 and 72 kDa for flask, 16 L
and 150 L bioreactors, respectively. This result insures that levan
molecular weights were clearly differed according to the
fermentation conditions variation (Table 1). On the other hand,
the degree of polymerization was determined to be 197, 277 and
400 for levans from shake flask, 16 L, and 150 L bioreactors,
respectively. In this finding, Franken et al. (25) mentioned that
levan polymers mostly have a DP > 100. On the contrary, it was
reported that extracellular fructan from microorganisms had
DP < 100 (29). To our knowledge, no other research has been
reported in scaling up of levansucrase production and levan yield
up to 150 L bioreactor.

Levan modifications Levan was modified by carbox-
ymethylation, phosphorylation and sulfation to three forms CML,
PL and SL, respectively. The results obtained indicated that the yield
was 83.5% CML, 79.8% PL, and 51.8% SL. The total carbohydrate
content was determined for extracted levan to be 87.3%, and CML
79.2%, PL 82.7% and SL 63.9% for its derivatives. Acid hydrolysis of CL
using 0.1 N HCl indicated high amounts of 98.5 % fructose and 1.5%
glucose monosaccharide. Bekers et al. (30) also found monomers of
glucose and fructose in levan after hydrolysis with hydrochloric
acid and organic acids. The chromatograms of hydrolyzed levan
by high performance anion-exchange liquid chromatography
(HPAEC) showed two peaks, which were assigned to 21% glucose
and 79% fructose (31). The sugar percent of derivatives were
decreased after modification in comparison with levan due to
substitution of different functional groups into levan reduced the
fructose ratio. The average molecular weights of derivatives were
slightly decreased compared to levan (35.5 KDa from shake flask).
This could be due to partially degradation as shown in CML 31.3,
PL 28.9 and SL 26.6 KDa. These results suggest that the polymeric
nature was mainly composed by levan of low molar mass or
fructo-oligosaccharides. The chain size of levan decreases by
increasing concentration of sucrose; which explains the
predominance of levan of low molecular weight in the initial
times of the fermentation (30). The difference of molecular
weights of crude B. subtilis M levan from 21 to 35.5 KDa is
attributed to the change in environmental conditions (6,31).



FIG. 4. The cytotoxicity of the crude levan and the chemically modified levan was investigated in human carcinoma HepG2 (A, B), Mcf-7 (C, D), and Caco-2 cells (E, F), using the
MTT assay as a metabolic viability index. The cell viability results are expressed as the percentage of control cells (mean � SE; A, C, E) and as the calculated IC50 (mg/ml;
mean � SE; B, D, F).
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Levan was converted into CML by etherification and the pro-
cess of carboxymethylation was optimized with respect to the
ratio of sodium chloroacetate, temperature and time of reaction.
Purity of CML was determined by many parameters: Loss on
drying was 7% after drying. Also, the pH for 1 g of CML dissolved in
100 mL distilled water indicated neutral solution (pH 7.0e7.6).
The total sodium content of CML was determined to be 9.3% by
atomic absorption spectroscopy after completely drying. Sodium
chloride content was 0.21%. These results revealed that CML has
high purity. DSCML increased with an increase in the sodium
chloroacetate amount. This may be due to the greater availability
of the acid molecules at higher concentrations in the proximity of
the levan molecules. If sodium chloroacetate amount is low, the
side reaction predominates with the formation of larger amounts
of sodium glycolate, thereby lowering the degree of substitution
of CML (DSCML). The increase in DSCML with temperature and time
may be due to the fact that there is a better reaction environment
created and a prolonged time available for carboxymethylation.
The optimized CML product has DSCML of 0.65. The highest degree
of substitution could reach 1.22 (32,33). When the substitution
degree of cellulose reached 0.85, the sample could be dissolved in
water (34). During the carboxymethylation process, microwave
irradiation can increase the degree of substitution of
carboxymethyl and enhance the reaction between chloroacetic
acid and polysaccharide (35).

The addition of sulfuric acid as the catalyst and the modification
of polysaccharide with phosphoric acid is the first method of
polysaccharide phosphorylation. The urea-phosphate method was
commonly used, its temperature was 150 �C or so, and the molten
urea was present, which was commonly used in the preparation of
cellulose phosphate (36). After phosphorylation modification of
levan, the branched hydroxyl group is substituted into the phos-
phate group. The phosphorous content and DSPL were 2.41% and
0.13, respectively, and these values were higher than those reported
by Liu et al. (11) (0.89% and 0.048) which determined according to
Eq. 1.

DSPL ═ 5.22 � P%/(1e2.61 � P%) (1)

where P% is the phosphorous content.
Sulfation of levan is one of the most promising means for the

production of value-added levan derivatives. The sulfation was
optimized to gain a maximal concentration of sulfate groups. The
principle of the experiment is as follows: the selected sulfuric acid
reagent and levan are reacted under the required condition, and the
functional groups on levan residues are modified with the sulfate



FIG. 5. The viability and cytotoxicity of the crude levan and the chemically modified levan against different cell lines. (A) HepG2 cell viability. (B) HepG2 cytotoxicity. (C) Mcf-7 cell
viability. (D) Mcf-7 cytotoxicity. (E) CaCo-2 cell viability. (F) CaCo-2 cytotoxicity. Statistical analysis were done for the viability and cytotoxicity using three-way ANOVA.
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anion. Investigated SL has the ability to react with 15.9 mL toluidine
blue as a characteristic reagent for sulfated groups. The sulfate
content was 17.8% and DSSL was 2.1. DSSL is higher than the value
reported by Erginer et al. (37) (0.89) which determined according to
Eqs. 2 and 3.

S% ═ BaSO4 (mg) � 0.1374 � 100/Sample (mg) (2)

DSSL ═ 162 � S%/3200e(102 � S%) (3)

The DS values obtained by FT-IR spectra are the measurements
of relative values of the degree of substitution. The difference in
structure of levan and its derivatives was detected by FT-IR trans-
mission spectrum as shown in Fig. 3AeC. The peaks at 3412 cm�1

and 3350 cm�1 represented OeH stretching of fructofuranose rings
while the peaks at 2923 cm�1 and 2859 cm�1 correspond to CeH
stretching vibrations of fructose rings. Sharp peak observed at
1100 cm�1 is due to CeOeC symmetric bending vibration of fruc-
tofuranose rings and glycosidic linkages (38). The FTIR transmission
spectrum of SL is mentioned in Fig. 3A. The result showed that
sulfation resulted in a slight blue shift of CeH stretching vibration
from 2923 cm�1 to 2949 cm�1 with a decrease in its intensity as
well as decease in the intensity of the peak which was previously
noted at 2859 cm�1 in levan forming a small shoulder. There is also
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a slight asymmetric stretching vibration of S═O linkages and sym-
metrical CeOeS vibration of CeOeSO3 groups at 1250 cm�1 and
820 cm�1, respectively (18). The FT-IR transmission spectrum of PL
is shown in Fig. 3B. A remarkable decrease in the intensity of CeH
stretching vibrations was clearly noticed in levan, as well as a slight
band at 1300 which was assigned to the P═O stretching vibration,
and redshift of the characteristic peak of 1083 cm�1 to 1025 cm�1

associated with a decrease in its intensity. FT-IR transmission
spectrum of CML is shown in Fig. 3C. The peak at 1755 cm�1 cor-
responds to the carbonyl eC]O stretch of the protonated carbox-
ylic acid group, and the weak shoulder at 1268 cm�1 is attributed to
alcohol eCeOH stretch.

Cell viability assay In the present study, the cytotoxicity of
CL and the chemically modified levan was investigated in human
carcinoma cells HepG2, Mcf-7, and Caco-2, using the MTT assay as
a metabolic viability index. In general, the results indicated the
safety of CL and their derivatives with a degree of variation. In
all the cells, lines used the carboxylation and phosphorylation
methods lowered the CL cytotoxicity. The sulfation process
clearly stimulated the cytotoxicity property. All results were
divided in molecular weight. The results indicated that, in liver
HepG2 cells, CL possessed a moderate cytotoxicity with IC50 of
157.99 mM while the carboxymethylation and the
phosphorylation decreased this cytotoxicity, as can be
concluded from the high IC50 277.46 mM and 324.43 mM
(Fig. 4A, B). On the other hand, the sulfation of levan increased
its cytotoxicity in HepG2 cells (IC50 99.39 mM), as shown in
Fig. 3A, B. The cell viability findings in breast MCF-7 cells
revealed that the treatment with CL resulted in a low cytotoxic
effect with IC50 of 280.61 mM, whereas the carboxymethylation
and the phosphorylation eliminated this effect and both of CML
and PL were safe in MCF-7 cells and their IC50 were very high
up to 1797.51 and 992.76 mM, respectively (Fig. 4C, D). However,
the sulfation of levan elevated its cytotoxicity in MCF-7 cells
(IC50 137.09 mM; Fig. 4C, D). Using colon Caco-2 cells, the
treatment with both of CL and SL led to a moderate cytotoxic
effect with IC50 of 189.29 and 172.66 mM, respectively (Fig. 4E,
F). On the other hand, both of CML and PL had weak
cytotoxicity in Caco-2 cells and their IC50 were 274.47 and
423.94 mM, respectively (Fig. 4E, F). The previous results
mentioned levan and its sulfated form as strong anticancer
agents and SL possesses good anticancer activities (5). Liu et al.
(11) reported acetylated levan, PL and benzylated levan had
strong anticancer activity against human gastric cancer BGC-
823 cells. In general, there was no significant cytotoxicity at low
concentrations, and there was no promising loss in cell viability.
There is a detectable cytotoxicity at high concentrations of CL
and SL.

Statistical analysis The data concerning cytotoxicity and
cell viability were statistically analyzed by three-way ANOVA test.
The results in Fig. 5AeD confirmed the experimental results.
Finally, this work is another trial to scaling up the B. subtilis M
levan in 150 L fermentor. The results pointed to the success in
obtaining levan efficiently in large-scale in a short time and
using commercial sucrose as a low-cost material. This result
confirmed the economic advantage for yield of B. subtilis M
levan in 150 L fermentor. In addition, the results highlighted
how the levan modification process could affect their properties
from different aspects. Also, the results referred for the first
time to the role of carboxylation and phosphorylation process in
lowering CL toxicity to a great extent and the sulfation process
in increasing CL cytotoxicity. The results confirmed the
importance of CL and their derivatives to be applied in different
pharmaceutical aspects.
ACKNOWLEDGMENTS

The authors thank the National Research Centre for supporting
this work. Thank you for Mrs. Aya Mostafa Esawy interpreter at
police academy for her careful revision. Themanuscript was funded
by National Research Centre project No. 10050305. The Authors
would also like to acknowledge the support of MOE and UTM-RMC
through HICOE grant no. R.J130000.7846.4J262. The authors
declare no conflict of interest.
References

1. Abdel-Fattah, A. F., Mahmoud, D. A. R., and Esawy, M. A.: Production of
levansucrase from Bacillus subtilis NRC 33a and enzymic synthesis of levan and
fructo-oligosaccharides, Curr. Microbiol., 51, 402e407 (2005).

2. Sangiliyandi, G., Chandra Raj, K., and Gunasekaran, P.: Elevated temperature
and chemical modification selectively abolishes levan forming activity of
levansucrase of Zymomona smobilis, Biotechnol. Lett., 21, 179e182 (1999).

3. Kang, S., Jang, K., Seo, J., Kim, K., Kim, Y., Rairakhwada, D., Seo, M., Lee, J.,
Ha, S., Kim, C., and Rhee, S.: Levan: applications and perspectives, pp.
152e155, in: Microbial production of biopolymers and polymer precursors.
Caister Academic Press, Norfolk, UK (2009).

4. Cavalcanti, O. A., Petenuci, B., Bedin, A. C., Pineda, E. A. G., and
Hechenleitner, A. A. W.: Characterisation of ethylcellulose films containing
natural polysaccharides by thermal analysis and FTIR spectroscopy, Acta Farm.
Bonaerense, 23, 53e57 (2004).

5. Abdel-Fattah, A. M., Gamal-Eldeen, A. M., Helmy, W. A., and Esawy, M. A.:
Antitumor and antioxidant activities of levan and its derivative from the isolate
Bacillus subtilis NRC1aza, Curr. Microbiol., 89, 314e322 (2012).

6. Esawy, M. A., Amer, H., Gamal-Eldeen, A. M., El Enshasy, H. A., Helmy, W. A.,
Abo-Zeid, M. A. M., Malek, R., Ahmed, E. F., and Awad, G. E. A.: Scaling up,
characterization of levan and its inhibitory role in carcinogenesis initiation
stage, Carbohydr. Polym., 95, 578e587 (2013).

7. Esawy, M. A., Ahmed, E. F., Helmy, W. A., Mansour, N. M., El-Senousy, W. M.,
and El-Safty, M. M.: Production of levansucrase from novel honey Bacillus
subtilis isolates capable of producing antiviral levans, Carbohydr. Polym., 36,
823e830 (2011).

8. Ananthalakshmi, V. K. and Gunasekaran, P.: Overproduction of levan in
Zymomonas mobilis using cloned sacB gene, Enzyme Microb. Technol., 25,
109e115 (1999).

9. Crittenden, R. G. and Doelle, H. W.: Identification and characterization of the
extracellular sucrases of Zymomonas mobilis UQM 2716 (ATCC 39676), Appl.
Microbiol. Biotechnol., 41, 302e308 (1994).

10. Chen, X., Xu, X., Zhang, L., and Zeng, F.: Chain conformation and antitumor
activities of phosphorylated (1/3)-b-D-glucan from poriacocos, Carbohydr.
Polym., 78, 581e587 (2009).

11. Liu, J., Luo, J., Ye, H., and Zeng, X.: Preparation, antioxidant and antitumor
activities in vitro of different derivatives of levan from endophytic bacterium
Paenibacillus polymyxa EJS-3, Food Chem. Toxicol., 50, 767e772 (2012).

12. Dubois, M., Gills, K. A., Hamilton, J. K., Rebers, P. A., and Smith, F.: Col-
ourimetric method for determination of sugars and related substances, Anal.
Chem., 28, 350e356 (1956).

13. Yanase, H., Fukushi, H., Ueda, N., Maeda, Y., Toyoda, A., and Tonomura, K.:
Cloning, sequencing, and characterization of the intracellular invertase gene
from Zymomonas mobilis, Agric. Biol. Chem., 55, 439e442 (1991).

14. Block, R. J., Durrum, E. L., and Zweig, G.: A manual of paper chromatography
and paper electrophoresis. Academic Press, New York (1955).

15. Ismail, N. M., Bono, A., Valintinus, A. C. R., Nilus, S., and Chng, L. M.: Opti-
mization of reaction conditions for preparing carboxymethylcellulose, J. App.
Sci., 10, 2530e2536 (2010).

16. Zhang, J., Wu, J., Cao, Y., Sang, S., Zhang, J., and He, J.: Synthesis of cellulose
benzoates under homogeneous conditions in an ionic liquid, Cellulose, 16,
299e308 (2009).

17. Ragab, T. I. M., Amer, H., Wasfy, A. A. F., Abdel Hady, M. S., Mossoa, A. H., and
Liebner, F.: Sulfated cellulose from agriculture wastes, anticogulant, fibrino-
lytic and toxicological studies, Int. J. Environ. Sci. Technol., 7, 266e280 (2014).

18. Farm, B. M.: Karboksimetilselülozüretimiveüretimdekigelismeler, Master
thesis. Gazi University, Ankar (1992).

19. Elomaa, M., Asplund, T., Soininen, P., Laatikainen, R., Peltonen, S.,
Hyvarinen, S., and Urtti, A.: Determination of the degree of substitution of
acetylated starch by hydrolysis, H NMR and TGA/IR, Carbohydr. Polym., 57,
261e267 (2004).

20. Hussein, M. M. and Helmy, W. A.: Further studies on modified galactomannans
with enhanced biological activities, Bull. NRC Egypt, 25, 411e422 (2000).

21. Mosmann, T.: Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays, J. Immunol. Methods, 65,
55e63 (1983).



662 RAGAB ET AL. J. BIOSCI. BIOENG.,
22. Zar, J. H.: Biostatistical analysis, 4th ed. Prentice Hall, Upper Saddle River
(1999).

23. Sarilmiser, H. K., Ates, O., Ozdemir, G., Arga, K. Y., and Oner, E. T.: Effective
stimulating factors for microbial levan production by Halomonas smyrnensis
AAD6T, J. Biosci. Bioeng., 119, 455e463 (2015).

24. Ghaly, A. E., Arab, F., Mahmoud, N. S., and Higgins, J.: Production of levan by
Bacillus licheniformis for use as a soil sealant in earthen manure storage
structures, Am. J. Biochem. Biotechnol., 3, 47e54 (2007).

25. Franken, J., Brandt, B. A., Tai, S. L., and Bauer, F. F.: Biosynthesis of levan, a
bacterial extracellular polysaccharide, in the yeast Saccharomyces cerevisiae,
PLoS One, 8, e77499 (2013).

26. Wu, F. C., Chou, S. Z., and Shih, I. L.: Factors affecting the production and
molecular weight of levan of Bacillus subtilis natto in batch and fed-batch
culture in fermenter, J. Taiwan Inst. Chem., 44, 846e853 (2013).

27. Silbir, S., Dagbagli, S., Yegin, S., Baysal, T., and Goksungur, Y.: Levan pro-
duction by Zymomonas mobilis in batch and continuous fermentation systems,
Carbohydr. Polym., 99, 454e461 (2014).

28. Ua-Arak, T., Jakob, F., and Vogel, R. F.: Fermentation pH modulates the size
distributions and functional properties of Gluconobacter albidus TMW 2.1191
levan, Front. Microbiol., 8, 807 (2017).

29. Öner, E. T., Hernández, L., and Combie, J.: Review of levan polysaccharide:
from a century of past experiences to future prospects, Biotechnol. Adv., 34,
827e844 (2016).

30. Bekers, M., Upite, D., Kaminska, E., Laukevics, J., Grube, M., Vigants, A., and
Linde, R.: Stability of levan produced by Zymomonas mobilis, Process Biochem.,
40, 1535e1539 (2005).
31. Santos-Moriano, P., Fernandez-Arrojo, L., Poveda, A., Jimenez-Barbero, J.,
Ballesteros, A. O., and Plou, F. J.: Levan versus fructooligosaccharide synthesis
using the levansucrase from Zymomonas mobilis: effect of reaction conditions,
J. Mol. Catal. B Enzym., 119, 18e25 (2015).

32. Dos Santos, L. F., Bazani Cabral De Melo, F. C., Martins Paiva, W. J.,
Borsato, D., Corradi Custodio Da Silva, M. D. L., and Pedrine Colabone
Celligoi, M. A.: Characterization and optimization of levan production by Ba-
cillus subtilis NATTO, Rom. Biotechnol. Lett., 18, 8413e8422 (2013).

33. Petzold, K., Schwikal, K., Günther, W., and Heinze, T.: Carboxymethyl xylan e

control of properties by synthesis, Macromol. Symp., 232, 27e36 (2005).
34. Ramos, L. A., Frollini, E., and Heinze, T.: Carboxymethylation of cellulose in

the new solvent dimethyl sulfoxide/tetrabutylammonium fluoride, Carbohydr.
Polym., 60, 259e267 (2005).

35. Jimtaisong, A. and Saewan, N.: Utilization of carboxymethyl chitosan in cos-
metics, Int. J. Cosmetic Sci., 36, 12e21 (2013).

36. Nuessle, A. C., Ford, F. M., Hall, W. P., and Lippert, A. L.: Some aspects of the
cellulose-phosphate-urea reaction, Text Res. J., 26, 32e39 (1956).

37. Erginer, M., Ayca Akcay, A., Binnaz, C., Tunc, M., Deniz, R., Seyda, B., Nihat, B.,
Rahmi, O., Mehmet, S. E., Mehmet, A., and Ebru, T. O.: Sulfated levan from
Halomonas smyrnensis as a bioactive, heparin-mimetic glycan for cardiac tissue
engineering applications, Carbohydr. Polym., 149, 289e296 (2016).

38. Poli, A., Kazak, H., Gurleyendag, B., Tommonaro, G., Pieretti, G., and
Toksoyoner, E.: High level synthesis of levan by a novel Halomonas species
growing on defined media, Carbohydr. Polym., 78, 651e657 (2009).


