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ABSTRACT

Thedistribution of molecular mass of levan from Zymomonas mobilisCP4in
sugar canejuicewasinvestigated for the effect of pH, growthtimeand initial
sugar concentration using response surface methodol ogy. The experimental
runs were carried out according to a 2® statistical design, with further
expansion to orthogonal block runs. The distribution of molecular mass of
levans from different cultures was estimated by gel permeation
chromatography. Statistical analysis and interpretation as well as the
evaluation of chromatographic profiles suggest that the production of high
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molecular masslevan (greater than 6.7 x 10°) wasachieved in pH 5.0 after 24
hours, with no significant effect of initial sugar concentration.
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INTRODUCTION

Levan congstsof -(2,6)-linked fructoseresidues,
and may contain 8-(2,1) branches2. Molecular weights
have been reported to be 2 x 10° Dain levan from
Bacillus polymyxal®, 12.7 x 107 Dain Sreptococcus
salivariug? and higher than 10" Dain Zymomonas
mobilig3. Levan has potential applications as prebi-
otic agent, asthickner, emulsifier, stabilizer and encap-
sulating agent™®. Levan also has severd applicationsin
medicine, including itsuseas an antitumor agent*74,
Evidences suggest that glucanswith higher molecular
weightshavehigher antitumor activity thantheoneswith

lower degree of polymerisation®®. Antitumor activity of
levan from Zymomonas mobilisisrelated to aspecific
molecular we ght range, and themaximal vauesfor this
activity werefound in polymerswith 4.6x 10789,
Biopolymershaveawiderangeof applications, and
new mol eculeswith commercial potential are one of
thetargetsinindustrial research. However, exploring
their structura featuresand physica propertiesfurther
than current theoretical knowledgeisachallengeto be
overcome¥, Several applications of exopolysa-
ccharidesarerelated to their pattern of branching and
degree of polymerisation*¥. Reportsonthefactorsthat
affect the chemical structure of levans are scarce,
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athough studieswith other polysaccharideshave shown
that molecular weight may vary according to the
microorganism and cultureconditions. Medium pH has
been reported asthemost influentid factor inmolecular
weight of exopolysaccharides from several
microrganismg®?, Likewise, time™, initial sugar
concentration*?, temperature*, nitrogen sourcg4,
increased ionic strength®, and |evan addition*% have
been shownto bereevant in exopolysaccharide chain
polymerisation and can be atered by changing culture
conditions.

The carbon sourceisamarkedly important factor
inEPSbiosynthessand theuseof dternativesubstrates
in biotechnol ogical processes can bean option for de-
creasing costsand providing nutrientsthat are neces-
sary for microbid metabolism. Amongst thesubstrates
reported in literature, sugar cane molasses'”, beet
sugar*®9 and sugar canejuice™ can be named. Sugar
canejuiceisabroadly available, |ow-cost agroindustrid
byproduct that can be purchased throughout the year
inBrazil. It hashightiters of sucroseand satsneeded
for microbial growth, aswell asadequate osmolarity
for levan biosynthesis.

Response surface methodol ogy (RSM) comprises
agroup of statistical techniquesfor empirical model
building and model exploitation. By careful designand
anaysisof experiments, it seekstorelate aresponse
tothelevelsof anumber of predictors, that affect it.
TheRSM hasproved vauableinthesolution of alarge
variety of problems, and the moreimportant applica-
tionsare: (1) approximate mapping of asurfacewithin
alimited experimental region, (2) choiceof operating
conditionsto achieve desired specifications, and (3)
search for optimal conditions.Box and Drapert?” dis-
cuss the requirements and properties of aresponse
surfacedesign. Therelativeimportance of checkingfit,
bl ocking, and obtaining an independent estimate of er-
ror will differ indifferent circumstances, and the mini-
mum vaueof experimenta runswill thus correspond-
ingly differ. But thisminimum designwill inany case
only be adequate if variance is below some critical
vaue. Thisisthecasefor factoria sand (central) com-
posite response surface designg?’.

Levan haspotentia industria applicatons, andthe
useof local available substratesfor production of this
EPS could decreaseitsproduction costsaswel | asadd
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vaueto agroindustrial byproducts. Inthisrespect, the
objective of this work was to use response surface
methodol ogy to theeffectsof pH, growthtimeand sugar
concentrationinthemolecular weight ditribution of leven
from Zymomonasmobilis, using sugar canejuice.

MATERIALSAND METHODS

Microor ganism and cultureconditions

Zymomonas mobilis CP4 (ATCC 31821) were
maintained as4°C in aculture medium contained [g/L]:
sucrose, 20; yeast extract, 2.5; KH,PO,, 1.0;
(NH,)SO,, 1.0; MgSO,(7H,0), 0.5 and renewed each
4weeks. Theinoculum culturecontained [g/L]: sucrose,
100; yeast extract, 2.0; KH,PO,, 2.0; (NH,)SO,, 1.0;
MgSO,(7H,0), 0.5. The cells concentration was stan-
dardizedin0.2g/L

Thebatch fermentation medium contained yeast ex-
tract, 2.0; MgSO,(7H,0), 2.0; initial sugar canejuice
concentrantion containing 150 g/L sucrose. Reducing
sugar (glucoseand fructose) lessthan 0.5%. Commer-
cia sucrosewas added until reach the concentrations
determined by the statistical design. Thecultureswere
maintained in Satic conditionsat 28°C. Theinitial pH
of thegrowth medium was adjusted using NaOH 2N
and H_SO, 1N. The values of pH, culture time and
sugar canejuice concentration were adjusted accord-
ingtothestatisticdesgnin TABLE 1.

Analytical methods

Thefermentation culturewas centrifuged at 4300 x
gfor 20 min at 4°C and re-suspended in saline 0.9%
and the biomasswas measured by turbidimetry in 605
nm. Thereducing sugarswere quantified according to
Somogy!?? and Nelson?¥, using glucose as standart.
Total sugarswere determined according to Duboiset
al > using glucose as standart. Levan was separated
by precipitation with ethanol 95% at 4°C, centrifuged
at 8700x gfor 20 minat 4°C and estimated by phenol-
sulfuric acid® using fructose as standart.

Levan samplesfor molecular weight estimation by
gel permeation chromatography (GPC), wastreated
with cold ethanol 95% (1:3) (v/v) andincubated at 4°C
for 24 h. After thistime, it was centrifuged and the pel -
let wasre-dissolved in distilled water. 0.5 mL of the
sample were applied to the column at 4mg/ml. The
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molecular mass of levan was determined by age per-
meation chromatography (GPC) witha40cm x 1.6
cm column of Sepharose 6B (Sigma) using 50 mM
phosphate buffer pH 7.0 aselution buffer, at theflow
rate of 14 ml/h. The system was equi pped with aperi-
staltic pump. Fractions of 3.5 mL were collected and
anayzedfor tota sugars(TS) by phenol-sulfuric acid
method(?!l. Leuconostoc mesenteroides dextran
standarts (Sigma) from 5.0 x 10* to 1.0 x 10° were
used to construct acaibration curve,

Design of experiments

A central composite design (CCD) with 2
orthogonal blocks was used?!. The first block
containing 8factorid runsand suitablecentra runswas
used for selecting the most important factors. The
second block containing the star points (o= 1.8), added
to thesamenumber of central runsalowed theuseof a
second order model (TABLE 1).

The software STATISTICA 5.1 (1998) was used
for obtaining the analysis of variance (ANOVA),
regression coefficients and response surface plots.
Evauaedfactorswere: X, (pH); X, (fermentationtime);
X, (initial sugar canejuiceconcentration). Theresponse
Y (levanwith molecular weight greater than 6.7 x 10°)
was transformed to Z = Y2, based on result of Box-
Cox test for increasing the goodness of fit.

RESULTSAND DISCUSSION

Variable screening

Statistical analysisof block 1 (TABLE 1), which
correspondsto a 23 factorial design, showed that pH
and timewererelevant factorsin production of high
molar weight levan. However, binary interaction X X,
had sgnificant effect onregponseY (levanwithmolecular
weight greater than 6.7 x 10°). Curvaturetest indicated
the necessity of a second order model for fitting the
experimental data(TABLE 2).

Response modeling

Results of block 1 lead to the development of a
second andysi's, with convenient variation amplitude (o
== 1.8) for ensuring block orthogonality (TABLE 1 -
Block 2). Theeffect of block wasnot significant (p>
0.3379) even considering orthogonal blocking,

TABLE 1: Factorial design 22 (block 1) and star design (block
2) for investigation of theeffect of pH, culturetimeand initial
sugar concentration in biomass, levan production and high
molecular weight levan (HMWL) responses.

Coded Variables Responses
Runs X1 X2 X3 Block Bi‘;?ﬂass L;‘/’f‘” H'\f',/l’v"
1 1 1 1 1 0695 1107 43320
2 1 1 11 1197 2287 40816
3 1 1 1 1 0990 2535 45771
4 1 1 1 1 1575 4749 53029
5 1 1 1 1 0464 0540 45545
6 1 1 1 1 0886 3977 34639
7 1 1 1 1 0815 0124 41129
8 1 1 1 1 1508 5574 56357
9 0 0 0 1 1157 5759 54,637
10 0 0 0 1 1203 7873 5222
11 18 0 0 2 0282 0151 23828
12 18 0 0 2 1616 1965 46461
13 0 18 0 2 0197 0148 10344
14 0 18 0 2 1368 2822 47286
15 0 0 18 2 1272 2810 53869
16 0 0 18 2 1251 4767 54,426
17 0 0 0 2 1282 545 52527
18 0 0 0 2 1375 6164 54623
Original levels

18 -1 0 1 18

X pH 32 4 5 6 68
X, g#q'é“('he) 24 12 24 36 456

x, Inital sugar 110 150 200 250 290

concentration (g/L)

TABLE 2: Analysisof variance showing the effects of pH
and culturetimein the production of high molecular weigth
levan (Z) by ZymomonasmobilisCP4in first block.

Sourceof Sumof Degreesof Mean

variation squares freedom Square F-test P

X1 (L) 10,2995 1 10,2995 6,4086 0,126989
Xz (L) 127,7302 1 127,7302 79,4766 0,01235
XXz 161,0731 1 161,0731 100,2233 0,009831
Residual 41,0838 6 6,8473

Total 340,1866 8

therefore both blocks can be analysed as one design.
Levan samples assayed by gel permeation
chromatography (GPC) produced chromatograms
showninFigures1, 2, 3and 4. Theelution profile of
the samples showed revealed the existence of
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predominantly two dassesof averagemolecular weights
(Mw): HMWL - high molecular weight levan (greater
than 6.7 x 10°) and LMWL - low molecular weight
(lessthan 5.0 x 10%).

Thehigh molecular weight classwas measured as
% of total levan extracted from culture. Thevauesof
sugars eluted in thisfirst peak were added and their
percentage is shown in TABLE 1. This fraction
predominatesover thelow molecular weight class, and
thereforewas chosenfor modelling responseY.

Thedution profilesof samplesin pH 4.0 (Figure 1)
showed the presence of only one class of levan with
high molecular weight. In pH 5.0 ahigh percentage of
HMWL and adlight peak of LMWL can be observed
(Figure2). Elution of levansfrom culturesin pH 6.0
clearly showed the presence of a second peak
corresponding theLMWL (Figure 3). The presence of
levans with molecular weights even lower can be
observedinpH 6.8 (run 12), dthoughthestandard curve
used doesnot dlow to precisdy detect differenceswithin
that range (Figure 3). Theseresultsdemonstrated that
increasingthe pH led to theformation of alow molecular
weight class of levansfor Zymomonas mobilis CP4.
Theseresultsarein agreement with Shu et d .1, who
have reported that exopolysaccharides (EPS) isolated
from Antrodia camphor ata showed higher molecular
weight in culturesgrownin pH 4.0, whereasthelow
molecular weight EPS were produced in pH 6.0.
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TS: % of total sugars eluted. Tubes: 3mL/15’
Figure 1: Chromatogramsof Zymomonasmobilislevansin
sugar canejuicecultivesat pH 4.0(runs1, 3,5, and 7) and pH
3.2(runs1l).
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Figure2: Chromatogramsof Zymomonasmobilislevansin
sugar canejuicecultivesat central points(runs9, 10, 17 and
18) - TABLE 1. ThepH was5.0, time culture 24h and sugar
canejuiceconcentration 200 g/L.
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TS: % of total sugars euted.
Figure 3: Chromatogramsof Zymomonasmobilislevansin

sugar canejuicecultivesat pH 6.0 (runs2, 4, 6 and 8) and pH
6.8 (run 12).

Tubes: 3mL/15

However, Kim et a.'? observed in cultures of
L euconostoc mesenteroidesfor production of dextrans
that a higher pH range (5.5 to 6.0) favoured the
formation of high molecular weight fractions, wheressa
low molecul ar weight fraction wasformedin pH lower
than 4.5. Therefore, pH has a marked effect in
production and molecul ar weightsdistribution of EPS,
but the responses may vary according to the
microorganism and pH ranged tested.
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The growth time that was most favourable for
production of HMWL was 24 hours, and thisfraction
comprised 53.47 % of the sample (TABLE 1). In 36
hours (Figure 4) thisfraction has decreased to 49.03
% andin45.6 hours(run 14) only 47.28 % of thesample
were HMWL (Figure4). Theseresults are probably
rel ated to degradation of levan by levanase produced
by Zymomonas mobilig? secreted in later growth
time. According to Han™®, thishydrolytic activity could
be responsible for the formation of short and
heterogeneous chains instead of long and uniform
polymers. Other works have demonstrated the
participation of EPS-degradingenzymesin later growth
time, such asin EPSfrom Anthrodia camphoratal®,
Lactobacillus rhamnosusi*® and pullulan from
Aureobasidium pullulang?,
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Figure4: Chromatogramsof Zymomonasmobilislevansin
sugar canejuicecultivesat 36h (runs3, 4, 7 and 8) and 45.6h
(run 14)-TABLE 1.

Sucroseconcentrationwastheleast influentia factor
in production of highmolar masslevan (TABLE 2and
TABLE 3). Within therange studied, no correlation
could be observed between total sugar concentration
insugar canejuiceand molar massdigiribution. However,
other workshave shown that higher concentrations of
sugarsleadsto the production of low molar massEPS
in Leuconostoc mesenteroides'? and Aureobasidium
pullulang®,

Transformation and analysisof responsesallowed
to create the model represented by Equation 1 with

Macromolecules

Adjusted R?=0.891 and not significant lack-of-fit (p>
0.098). Thetransformed response Z wasobtained from
origina responseY (Z=Y?).

Z =2935.284 + 274.876 X — 448.818 X * +

468.932 X, — 507.99X,,>+ 410.859 X X, Q)

TABLE 3: Analysisof varianceshowing theeffectsof pH and
culturetimein theproduction of high molecular weight levan
(2) by Zymomonas mobilisCP4.

Sum of

Sour ce of Degreesof Mean

variation sqguares freedom Square F-test P
X1 (L) 1094060 1 1094060 13,28208 0,00336
X1(Q) 3339740 1 3339740 40,545 0,000036
Xz (L) 3184118 1 3184118 38,65574 0,000045
X2 (Q) 4278567 1 4278567 51,94252 0,000011
XXz 1350443 1 1350443 16,3946 0,001613
Residual 988454 12 82371

Total 12924319 17

Z =2935,284 + 274,876 X, - 448,818 X,? + 468,932 X, - 507,999 X,* + 410,859 X; X%,

I 3000
[ 2000
[ 1000

Figure5: Response-surfaceto high molecular weight levan
(HMWL) production by Zymomonasmobhilis. Concentration
wasfixedin 200 g/L.

The ANOVA table (TABLE 3) shows the
significance of effects. Initia sugar concentration was
not significant (p >0.5963) and hencenotincludedin
the equation (1) for formation of peak 1. Thefitted
surface obtained from themodd isshowninFigure5.

Anaysisof datain TABLE 1 and fitted surface
reveal ed that thevaluesobserved inthecentra runsare
closetotheoptimum. Dataobtainedin two experimenta
runs previoudy carried out in the same conditions of
the central point runs (pH 5.0; culturetime 24 h and
initid sugar canejuiceconcentration 200g/L) wereused
for experimental validation of themodel. Thevalue
predicted for responseY = vZ was 54.18 % and the
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confidenceinterval (95 %) is between 52.59 % and
55.74 %. Validation experiments yielded the values
54.10 %, within the confidenceinterval and 51.62 %,
nearing thelower limit of theconfidenceinterva. The
average value, 52.878 % (Z = 2796.127) of levans
withmolecular weightsgregter than 6.7.10° Da, iswithin
the confidence interval, which indicates a good
prediction capability for themodel.
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