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ABSTRACT

Levan can be synthesized by the microorganism Bacillus licheniformis.
The enzymatic synthesis of levan was carried out in erlenmeyersflasks and
the influence of synthesis conditions was studied. The results show that
the enzyme can produce an important amount of levan up to 80 g/l of levan
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when a concentration of 300 g/l of sucrose was used at pH 8 at 50°C for a
period of 18h. The obtained resultsare also important making levan different
from the previously reported levans and can be successfully used in

industrial applications.

INTRODUCTION

Levan, apolymer of fructoselinked by fructofurano
sdebonds, isproduced by thetransfructosylation reac-
tion of levansurcrase (E.C. 2.4.1. 10). Its molecular
weight can reach valuesaround 10’ Da, corresponding
approximately to 60,000 unitsof fructosg. Levansucrase
isproduced from various microorganismsand plants?.
Thesucrosehydrolysisby levansucrasecan produceglu-
cose, fructose, fructooligosaccharidesand levan, how-
ever the concentration of each product dependsonthe
initia sucrose concentration and on sucrose hydrolyze
rate or fructose accumulation’®. Recently, moreinterest
hasdevel opedinthe commercia production of levan,
whichoffersavariety of industria gpplicationsinthefidds
of cosmetics, foods and pharmaceuticals agent as a
hypochol esterolemic and asan antitumor agent 9. Levan
presents applicationsas athickening agent and astabi-
lizerinthefood industry!®, besidesitsactivity against tu-
mor cdllsthrough modification of their membranes, in-
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creasingitspermesbility to cytotoxic agentsand conse-
quently fadilitatingtheseagents’ action!”. Otherlevanand
fructoseoligomer gpplicationsderivefromitscapacity to
act asfibers, bringing good physiologica and biochemi-
cd effects®. Therheologica characterizationof thelevan
isindigpensablefor itsindustrid applicability especidlyin
thefoodindustry. Severd authorshavecriticaly empha-
szedtheimportanceof biochemica and medium optimi-
zation strategiesfor levan production’®. Themain pur-
poseof thiswork wasto study the capacity of Bacillus
licheniformisstrainto synthes zelevan after optimizing
the synthesi sconditionson levan production.

MATERIALSAND METHODS

Organism and cultureconditions

TheB. licheniformisstrainwasgrowninaculture
medium containinging/l: Na,HPO, 3.5, NaH,PO, 0.8,
MgSO, 0.2, NaNO, 3.5, yeast extract 5.0 and su-
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crose5.0. Theincubation was carried out in arotary
shaker (200 rpm) at 40°C for 18h.

Fer mentation conditions

Thefermentation medium consisteding/l: Na,HPO,
3.5, NaH,PO, 0.8, MgSO, 0.2, yeast extract 5.0 and
sucrose 200. Following heat sterilization (121°C) for
20 min, theflask wasinocul ated with 5% (v/v) of the
subculture and incubated for 24h at 40°C on a rotary
shaker (200 rpm)19,

Analytical methods
Enzymeextraction

After suitablefermentationtime, theculturewascen-
trifuged a 10,000 xg for 15min to remove cells and the
clear supernatant obtained was used for levan synthe-
gs

Reducing sugars

0.5 ml of enzyme extract was added to 0.5 ml of
20% sucrose (w/v) in 20 mM acetate buffer, pH 5.6,
and the reaction mixture was incubated at 40°C for
suitabletime. Thereaction was stopped and reducing
sugarswere determined by the DNS method™.

L evan determination

0.5 ml of enzyme extract was added to 1.5 ml of
20% sucrose (w/v) in 20 mM acetate buffer, pH 5.6,
and the reaction mixture was incubated at 40°C for
suitabletime. Thelevanwasquantified in the superna-
tant by preci pitation with ethanol 70% and determined
accordingto Dahech et a2,

Effect of reaction timeon levan synthesis

To study the effect of timereaction on levan syn-
thesis, a2 ml reaction mixture containing 10% of su-
crose (w/v) in20 mM acetate buffer (pH 5.6) and the
crude enzymewereincubated for different incubation
times and kept at 40°C. Reducing sugars and the
amountsof produced |evan were determined.

Effect of sucrose concentration on levan synthe-
Sis

To study the effect of sucrose concentration on levan
synthesis, a2 ml reaction mixture containing different
concentrations of sucrose (10, 20, 30 and 40%) (w/v)
in 20 mM acetate buffer (pH 5.6) and the crude en-
zymewere incubated for 18h and kept at 40°C. The
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amountsof produced levan were determined.
Optimum pH for levan synthesis

The optimum pH for levan synthesiswas studied
over apH rangeof 3.0-10 & 40°C. The following buffer
systemswereused at 20 mM : sodium acetate (pH 3.0-
5.0); phosphate (pH 6.0-7.0); Tris(pH 8.0); and gly-
cine(pH 9.0-10) and the crude enzymewereincubated
for 18h and kept at 40°C. The amounts of produced
levan weredetermined.

Optimum temper aturefor levan synthesis

To determine the optimum temperaturefor levan
synthesis, a2 ml reaction mixturecontaining different
concentrations of 10% of sucrose (w/v) in20 mM ac-
etate buffer (pH 5.6) and the crude enzymewereincu-
bated for 18h and kept at various temperatures (40,
50, 60, 70 and 80°C). The amounts of produced levan
were determined.

RESULTSAND DISCUSSION

Effect of reaction time

Thetime course dataon levan synthesisby Bacil-
luslicheniformisisshownin(Figurel). Levan waspro-
duced during exponentid phase. Presented levansucrase
can synthesizefructooligosaccharides (FOS) from the
first hours and it is able to catalyze both the
transfructosylation reaction (levan formation) and su-
crosehydrolysis(liberation of fructoseand glucose). In
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Figurel: Effect of reaction timeon enzymaticlevan synthe-
sisby B. licheniformisstrain
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fact, levan production increaseswith thetime of syn-
thesis. Theoptimum amount of |evan was obtained at
18htoreach 40 g/l. Unfortunately, thelevan produc-
tion occurswhen theinitial concentration of sucrosein
themediumishigh, remaining high concentrations of
reducing sugars(Figure?2). If thereactioniscarried out
for 20h, theamount of reducing sugars decreased and
levan concentration decreased. Takahashi strainisan
efficient levan-producing strain sinceit produced the
highest yidd of levan after 21013, Sutherland (1999)1*4
reported that several parametersinfluencethelevan
synthesisand the biopolymer yield may reduceor in-
crease.

Effect of sucroseconcentration

The polymer production remained constant (20 ¢/
) at lower sucrose content (10%). Further increasein
sucrose concentration above 200 g/l strongly affected
levan and the optimum (80 g/l) wasobtained with 30%
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Figure2: Production of reducing sugar sduring levan syn-
thesis

30

n

100
S 80 -
s
z 60
S
= 40
=
g
E 204
0 T T T T 1
0 10 20 30 40 50

Sucrose concentration (%)
Figure3: Effect of sucr oseconcentration on levan synthesis

of sucrose (Figure 3). Abovethe concentration of 300
o/l of sucrose, the levan synthesis was noted to de-
crease.

Accordingto Park and Baratti (1993)1*%, many mi-
croorganismsbear high sugar concentrationsfor levan
production. Vinhas (1999)2¢ obtained maximum for-
mation of levan by Z. mobilisstrainswith sucrose con-
centration of 200 g/l. Ahmed et al. (2005)1*7 stated
that sugar concentrations above the 20% may create
problemsdueto the high viscosity caused by the poly-
mer. Moreover, Hettwer et al. (1995)1*8 reported that
at higher sucrose concentrations, levan production at
thebeginningishigh but | ater, itssynthes sisinhibited.
Thenthehydrolaseactivity increases, accumulating oli-
gosacchari desandincreas ng glucose concentration that
continuesinhibition of levansucrase.

Optimum temper aturefor levan synthesis

Thelevan formation during incubation at different
temperatures (40-80°C) was studied and the results
areshownin Figure4. Maximumamount of levan (142
g/l) was produced at 50°C with initial pH 5.6, while
low amount of levan (120 g/l) was produced at 40°C.
Theseresultssuggest that at higher temperature (up to
40°C) and likewise at higher sucrose concentration, the
transfructosylation reaction was preferentially per-
formed. Theseresultsare al so important characteris-
ticsof thislevansucrasemakingit different fromthepre-
vioudly reported levansucrases. Dolleet a [ verified
that 25°C at pH 5.0 is the ideal condition for levan pro-
duction. Moreover, Reiss& Hatmeer!® demonstrated
good productivity of thispolymer at temperaturevary-
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Figure4: Effect of temperatureon levan synthesis
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ing between 27-30°C at pH 5.0.
Optimum pH for levan synthesis

A maximum concentration of levan 70 g/l waspro-
duced fromthereaction at pH 8 with the sucrose con-
centration of 300 g/l at 40°C (Figure 5). Less levan
production occurred at acid pH. Theresultsindicated
that theoptimum pH for levan productionlieswithin 7
and 8. Reissand Hartmei er'® demonstrated good pro-
ductivity of thispolymer at pH 5.0. Moreover, Lyness
and Dodlle?! reported that pH 5wasoptimumfor levan
production. They reported that pH was an important
factor for the polysaccharide production, sincehigh or
very low valuesmay repress|evansucrase, theenzyme
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Figure6: Enzymatic synthesisof levan by B. lichenifor mis
strain on agar platewith sucrose
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respons blefor the biopolymer formation.
Visual aspect of levan produced

The Bacillus licheniformis strain was grown on
agar with sucrose. In the presence of sucrose, the colo-
nies had aslimy mucoid appearance, whichindicated
the production of the polysaccharidefrom sucrose (Fig-
ureo).

When ethanol was added in tube contai ning crude
enzymeincubated with sucrosefor 18h, abiphasiclig-
uid/liquid batch reaction carried out in ethanol 2.5v/v
(Figure 7A). After aperiod of timelevan startsto pre-
cipitate and amonophasic batch reection appears (Fig-
ure7B).

Figure7: Visual aspect of levan produced; Tubesshowing:
(A) abiphasicbatch reaction carried out in ethanol 2.5 v/v,
(B) amonophasic batch reaction after levan precipitation

CONCLUSION

The experiments showed that yeast extract does
not affect levan production by B. licheniformis. How-
ever, Levan productionisaffected by initial concentra-
tion of sucrose, reaction time, temperatureand pH in
theexperimental rangesstudied. Theresultsshow that
theenzyme can produce an important amount of levan
up to 80 g/l of levan when aconcentration of 300 ¢/l of
sucrosewas used at pH 8 at 50°C for a period of 18h.
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The obtained results are a so important making levan
different fromthe previoudly reported levansand can
be successfully usedinindustria applications.
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