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Abstract To investigate production and hydrolysis of levan, the levansucrase enzymes from Zymomonas mobilis ATCC
10988 and Rahnella aquatilis ATCC 33071 were used. The optimum temperature of R. aquatilis levansucrase for levan
formation was 37°C, whereas that of Z mobilis was 4°C, under the experimental conditions. Both levansucrases also catalyzed
the reverse levan hydrolysis reaction. Levan hydrolysis reactions from both levansucrases were temperature dependent; high
temperature (20°C) was more favorable than low temperature (4°C) by 4 times. Fructose was the only product from hydrolysis
reaction by both levansucrases, showing that both levansucrases mediated the hydrolysis reaction of exo-enzyme acting. In
both enzymes, initial levan hydrolysis activity was almost accounted to 1% of initial levan formation activity. The results
allow the estimation of the fructose release rate in enzyme processing conditions.
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Introduction

In nature, there are two types of fructose polymers
(fructan). One is inulin and the other is levan. Levan is
composed of B-(2,6)-fructosyl linkages, whilst fructosyl
residues of inulin are linked mainly by B-(2,1)-fructosyl
linkages (1). Levan has an average degree of poly-
merization (DP) of up to 10°, with a number of structural
variants. Levan is present in a variety of living systems,
including bacteria and higher plants (1). Levan has been
also reported to have certain biological functions such as
anti-cariogenicity, a growth factor of lactic acid bacteria,
antitumor, and immunomodulatory activities (2-5).
Utilization of levan by fisheries as cryoprotectans was also
reported that the rate of surviving cells with levan and
dimethylsulfoxide was the highest among other protectans
(4). As a dietary fiber, levan is soluble in water and can be
used as a prebiotic in the food industry (1). Levan is useful
as a colloid-stabilizing agent in the food industry, as well
as beverages, cosmetics, and pharmaceuticals. Levan
polymers are valuable in stabilizing protein emulsions, in
milk and other dairy products including ice cream, yogurt,
custards, cheese, and cheese products (6).

Levansucrase (EC 2.4.1.10) is capable of producing
levan from sucrose as a substrate (7). The enzyme is
known to not only catalyze the transfer reaction producing
levan, but also to hydrolyze levan. The overall reaction
equations are as follows:

Sucrose + H;O — Glucose + Fructose ¢))
Sucrose + (Fructose), — Glucose-(Fructose),.; (2)
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Glucose-(Fructose),
— Glucose-(Fructose), + Fructose  (3)

In the view of industrial application of levan, hydrolysis
reaction is undesirable reaction. In the current work, the
activities of levan hydrolysis by levansucrases from Z
mobilis ATCC 10988 and R. aquatilis ATCC 33071 are
determined at various temperatures.

Materials and Methods

Materials Levan was obtained from laboratory-scale
production using Z. mobilis levansucrase (1). The estimated
molecular weight of bacterial levan was about 6x10° Da
(8). Purity of levan was above 98%, judging by HPLC
analysis (8). Sucrose, glucose, and fructose were
purchased from Sigma (St. Louis, MO, USA) and 1-
kestose from Wako Pure Chemical Ind. (Osaka, Japan).

Levansucrase preparation To characterize the enzymatic
properties of Z mobilis- and R. aquatilis levansucrase,
which contained His-affinity tag, were constructed and
expressed in Escherichia coli DH5a. (7). For the produc-
tion of Z mobilis levansucrase, the plasmid (pELCHis24)
carrying a levansucrase gene (levl) of Z mobilis was
used. For the production of R. aquatilis levansucrase, the
plasmid used was pRLICP, a pBluescript II KS(+)
(Stratagene, La Jolla, CA, USA) derivative carrying the
promoter region and structural gene of levansucrase from
R. aquatilis (9, 10). E. coli was grown aerobically at 37°C
for 12 hr. Cells were harvested, sonicated, and centrifuged.
The purification of levansucrase from E. coli lysate was
done using Ni-NTA metal affinity chromatography
(Qiagen, Valencia, CA, USA). The purification procedure
was replicated and the resulting purified levansucrase
formed a single band on the PAGE gel. Protein
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concentration of levansucrase was estimated using the
method described by Bradford (11) in which a BioRad
Lab. (Hercules, CA, USA) protein assay kit was used.

Measurement of enzyme activity Levansucrase activity
was determined by either sucrose hydrolysis- or levan
formation activity. For sucrose hydrolysis- and levan
formation activity determination, reaction mixtures (1 mL)
contained 10% sucrose (w/v) (2%, w/v, levan, for levan
hydrolysis activity determination) and 50 ug of Z. mobilis
levansucrase (or 6.6 ug of R. aquatilis levansucrase). One
unit (U) of sucrose hydrolysis activity was defined as the
amount of enzyme releasing one umole of glucose per
min. Levan hydrolysis activity was determined by
measurement of fructose released from levan. Quantitative
determination of glucose, fructose, oligosaccharides, and
levan was conducted by HPLC with a refractive index and
a Shodex Ionpack KS-802 column (Showa Denko
Company, Tokyo, Japan). Deionized water was used as a
mobile phase at a flow rate of 0.4 mL/min.

Results and Discussion

Purification and characterization of his-tagged
levansucrase To characterize the enzymatic properties
of Z. mobilis- and R. aquatilis levansucrase, levansucrases
were constructed and expressed in E. coli, as reported
previously (7, 12). Under the control of T7 promoter, the
levansucrases were tagged with 6 histidine residues and
produced up to 20% of the total cell protein in E. coli.
After disruption of cells, the His-tagged levansucrases
were purified by Ni-NTA affinity column chromatography.
The purified levansucrases from E. coli lysate showed
more than 95% homogeneity in SDS-PAGE analysis.
Protein concentrations of Z. mobilis- and R. aquatilis
levansucrases were 5 and 0.2 mg/mL, respectively, whilst
sucrose hydrolysis activity of 2 enzymes were 100 U/mL
in Z. mobilis levansucrase and 32 U/mL in R aquatilis
levansucrase. We are not sure why the activities of 2
levansucrases were different. One possible explanation is
that the proportion of insoluble proteins in E. coli
(pELCHis24) is higher than that of E. coli (pRL1CP).
Sunita et al. (13) reported, when the gene encoding Z.
mobilis levansucrase was cloned and expressed in E. coli,
a high level of levansucrase was produced as inclusion
bodies in the bacterial cytoplasm.
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Fig. 1. Typical HPLC chromatograms of levan (top panel), and
enzymatic products using levan and levansucrase (bottom panel).
For reaction, 50 mg of Z. mobilis levansucrase was incubated with
2% levan, for 4 weeks at 4°C.

Effect of temperature on the enzyme activity The
optimal temperature for sucrose hydrolysis activity was
37°C whilst the optimal temperature for levan formation
activity was dissimilar (Table 1). R. aquatilis levansucrase
showed high velocity for levan formation at 37°C.
Compared to other bacterial levansucrases, the optimal
temperature for levan formation activity of Z mobilis
levansucrase was very low, at 4°C (14, 15). However, the
levan content formed was slightly decreased with the
increase of incubation time. This phenomenon could be
explained by the disproportionate reaction of this enzyme.

In order to determine the hydrolysis pattern of
levansucrase, levan was reacted with 2 levansucrases at
various temperatures. In the absence of levansucrase in the
reaction mixture, no or little fructose were released from
levan in the extended incubation for 28 days at 4 and 20
°C, suggesting that the levan solutions was stable in the
analysis conditions used. When 2% levan were incubated
with 1 U of levansucrase at pH 6.0 (50 mM sodium
acetate buffer), the hydrolysis reaction was progressed.
Both levansucrases were active toward levan, and the
hydrolysis of the purified product generated fructose only
in HPLC analysis, indicating that the purified levansucrase

Table 1. Characterization of 3 different enzyme activities of Z. mobilis- and R. aquatilis levansucrase

Sucrose hydrolysis activity

Levan formation activity

Levan hydrolysis activity

Temperature (°C)  Initial rate”  Specific initial rate? Initial rate Specific initial rate Initial rate  Specific initial rate
Z. mobilis

4 9.8 197 2.8 56 04 8

20 31.8 636 6.4 128 1.6 32

37 33.6 672 1.0 19 A -
R. aquatils

4 2.9 439 0.9 135 0.2 30

20 12.2 1848 2.7 409 0.9 132

37 29.6 4485 52 788 - -

DInitial rate (mg of sugar/time) was obtained from the slope of the curve obtained by plottin!

the concentration of the sufgar against time.

ISpecific initial rate (mg of sugar/mg of protein/time) was determined by dividing the initia%rate by the concentration of enzyme used.

o experiments were carried out.
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Fig. 2. Time course of levan hydrolysis reactions at various
temperatures by Z. mobilis- and R. aquatilis levansucrase. Hl,
levan treated with Z mobilis levansucrase; [, levan treated with R,
aquatilis levansucrase; A , levan only.

was exo-type levan-degrading enzyme in the presence of
levan (Fig. 1 and 2). In case of levan-degrading enzyme,
levan is degraded to D-fructose, levanbiose, sucrose, levan
oligomers, or low molecular-weight levan by the hydrolytic
activity of levanase, levansucrase, or levan fructotrans-
ferase (LFTase) from some plants and microorganisms
(16). The latter enzyme, LFTase, hydrolyzes levan to DFA
IV (o-D-fructofuranose-B-D-fructofuranose ~ 2°,6:6,2°
dianhydride). The levan hydrolysis activity of levansucrase
was well studied with Gram-positive bacterial levansucrase,
mainly with Bacillus species. The current study shows that
the Gram-negative bacterial levansucrases also mediate
levan hydrolysis reaction. In Fig. 2 and Table 1, the
hydrolysis activities of levansucrases of Z. mobilis and R.
aquatilis were changed according to temperature. Since Z.
mobilis levansucrase was completely inactivated in
extended incubation at 37°C, no data were available.
Levan hydrolysis activities of Z. mobilis levansucrase were
more favorable at high temperature. The same result was
observed with that of R aquatilis levansucrase. For
instance, amounts of fructose released from levan by Z
mobilis levansucrase were 8 mg of fructose/mg protein/
day at 4°C and 32 mg of fructose/mg of protein/day at
20°C. At 4°C, the formation rates of fructose generated
from levan were 8 mg of fructose/mg of protein/day in Z.
mobilis levanansucrase and 30 mg of fructose/mg of
protein/day in R. aquatilis levansucrase. Therefore, levan
hydrolysis activity from Z mobilis was almost four times
lower than that of R. aquatilis. It is interesting to note that
levan hydrolysis acitivity of Z mobilis is minimal at 4°C,
which is optimal temperature for levan formation. In case
of R. aquatilis levansucrase, both levan hydrolysis activity
and levan formation activity are maximal at high
temperature. In both enzymes, levan hydrolysis activity
was almost accounted to 1% of levan formation activity.
The degree of polymerization of levan formed by Z
mobilis- (8) and R. aquatilis levansucrase (10) were
greatly affected by the reaction temperature. The degree of
polymerization and yield of levan at 37°C were lower than
that at 4°C (10). Similar phenomenon (8) was observed in
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Z. mobilis levansucrase. Since such a hydrolysis activity is
unfavorable in industrial application of levansucrase to
produce levan, levan production at low temperature is an
attractive character of Z. mobilis levansucrase since such a
low temperature could help not only to increase levan
synthesis activity during the extended enzyme reaction but
also to avoid levan hydrolysis activity. In conclusion, our
finding will help to estimate the fructose release rate in
many foodstuff processing conditions.
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