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ABSTRACT

Growing cells of W. hellenica SKkimchi3 produced significantly higher
exopolysaccharide (EPS) from sucrose than glucose, fructose, and glucose-
fructose mixture. Crude enzymes isolated from SKkimchi3 grown on
sucrose, glucose, and fructose commonly catalyzed higher EPS synthesis
from sucrose than glucose and fructose. The affinity and activity (K and
V) of crude enzymes for sucrose were relatively higher than that for
glucose and fructose. The pattern of 2D-SDS-PAGE for total soluble
protein isolated from SKkimchi3 grown on sucrose was similar to that
grown on glucose, but the expression of some proteins differed. Sucrose
may not be a factor to induce metabolic activity of SKkimchi3 for EPS
production but may be an optimum substrate to induce enzymatic activity
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for EPS synthesis.

INTRODUCTION

In a previous study, the EPS produced by W.
hellenica SKkimchi3washbiochemicaly and chemically
characterized to be the homopolysaccharidethat is—-
1,3-glucan consisted of glucosg¥. Inthat research, we
found that SK kimchi3 produced much moreEPSfrom
sucrose than glucose, fructose, and lactose. Sucrose
has been employed asasubstratefor EPS production
inanumber of studiesusing variouslactic acid bacteria
because EPS production wasrelatively higher on su-
crosethan other sugard?. Thevariation of EPSyields
caused by theuse of different sugarsmay beagenera
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phenomenon in the EPS-produci ng bacteria, but this
has not been metabolicaly and biochemicaly studied.
EPSisgenerdly synthesized from gd actose-1-phos-
phate and glucose-1-phosphate, which are biochemi-
cally derived from various sugars by the catalysis of
enzymesresponsiblefor EPS synthesig®4. However,
production of EPSmay vary duetoboth the biocatalysts
(bacterial strains) and substrates (sugars) used. Lacto-
bacillus sanfranciscensi srequiressucrosefor thebio-
synthesisof EPS, but requiresfructosefor growth3.
Lacticacid bacteriaoriginaing fromdairy productspro-
duced more EPS from lactose than from other sug-
arg®19, Lactibacilluscasel CG11 produced muchmore
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EPS on glucosethan galactose, lactose, sucrose, mal-
tose, and melibiose, and Lactococcus lactis subsp.
cremoris strain N1ZO B40 produced about 8 times
more EPS when grown on glucosethan when grown
onfructose™*2. Accordingly, it ispossiblethat aspe-
cific sugar may be afactor to induce or activate the
metabolism of aspecific speciesof lactic acid bacteria
to synthesize EPS.

Inthisresearch, weinvestigated thereasonsasto
why W& ssdlla helleni ca SKkimchi 3 produced signifi-
cantly higher yiedsof EPSfrom sucrosethanfromglu-
coseor fructose. The EPS production by growing cells
of SKkimchi3 andthe EPS synthesisby crudeenzymes
wereanalyzed, andK_andV _ of thecrudeenzymes
for different sugarswereeva uated. Wethen compared
patternsof 2D-SDS-PAGE for totd solubleproteinsiso-
lated from bacterid cdlsgrown on sucroseand glucose.

MATERIALSAND METHODS

EPSproduction by growing cells

SKkimchi3was cultivated in MRS medium con-
taining 200mM of sugarsthat aresucrose, glucose, fruc-
tose, or glucose-fructose mixture at 20°C for 72 h.
Bacterid cellswere separated from culturefluid by cen-
trifugation at 5,000xg and 4°C for 30min. EPS was
isolated from the culturefluid using cold a cohol pre-
cipitation and was purified according to the method of
Kim et al. asmodified by Shimamuraet al.*3. The
purified EPSwas lyophilized prior to comparison on
thebasisof dry weight.

EPSsynthesisby catalysisof crudeenzyme

Crudeenzymewasisolaed from SKkimchi3 grown
on MRS medium containing 200 mM of glucose, fruc-
tose, or sucrose, for 48 hr. Bacteria cellswere har-
vested by centrifugation at 5,000xg and 4°C for 30min.
Theharvested cellswerewashed threetimeswith 25
mM phosphate buffer, each time being centrifuged at
5,000xg and 4°C for 30min and disrupted by a bead
beater at 4°C and 3,000 strokes per min for 30min.
Cell debriswerediscarded through centrifugation at
10,000xg and 4°C for 60min, and the supernatant was
used for determination of the crude enzyme produced.
Thereaction mixturewas composed of crude enzyme
(20mg/ml of protein), 25 mM of phosphate buffer (pH

7.2) and 200 mM of sugars, and being incubated at
20°C and 120 strokes per min for 6 h. EPS was iso-
lated from the reaction mixture by cold ethanol precipi-
tation and wasthen purified by chromatography!¥.

K,andV__ of crudeenzyme

Reaction mixture, composed of sugars, 25 mM of
phosphate buffer (pH 7.2), and crude enzyme (20mg/
ml of protein), was prepared on ice water to control
thereaction, and wasthen incubated i n shaking water
bath at 20°C and 120 strokes per min for 30 min. Con-
centration of sugar contained in each reaction mixture
wasgradationally increased from0to 20mM at inter-
vasof 2mM. After thereaction wasfinished, thereac-
tant was cooked in boiled water for 2 minto stop the
enzymereaction. Residual sugarswere anayzed by
HPLC, and K _and V __ was determined by
Lineweaver-Burk plotting based onthe sugar consump-
tionin each reactant per unittime.

2D-SDS-PAGE of total solubleprotein

Two-dimensiona gel eectrophoresis (2D-SDS
PAGE) was performed according to procedures and
methodsused by Wilkinset al 1“4 withthereagents, kits
and apparatuses provided by Bio-Rad (Bio-Rad Labo-
ratories, Hercules, USA). SKkimchi3 cultivated on su-
crose and glucosefor 48 h was harvested and washed
twicewitha50 mM Tris-HCI (pH 7.5), and wasthen
disrupted by a bead beater cell disruptor. Cell debris
was discarded by centrifugation at 10,000xg and 4°C
for 60 min, and the protein concentrationin thesoluble
extract wasdetermined with Bradford reegent (Bio-Rad).
Proteinsinthesolubleextract werefirst separated based
ontheir isoelectric point using an | PG strip (Readstrip,
170 mm, pH 3-10, Bio-Rad) and anisoe ectricfocusing
system (Protean |IEF Céll, Bio-Rad). Theisoelectricaly
focused proteinswerethen separated based on molecu-
lar weight by SDS-PAGE. SDS-PAGE wascarried out
using aprecast gel (8-14% gradient, Bio-Rad) and an
electrophoresis system (Protean |1 XL cell, Bio-Rad).
Protein spotson 2D-SDS-PAGE gel werevisuaized by
dlver gaining (Silver gainingkit, Bio-Rad).

In-gel digestion

Protein spotsof interest weremanualy excised from
the gel and placed in Ependorf tubes. Gel pieceswere
destainedinal:1 mixtureof 30 ml potassumferricya
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nideand 100 mM sodium thiosulfate, washed with 50%
Acetonitrile(ACN)/25mM ammonium bicarbonatea pH
7.8, and incubated in 50%ACN for 5min. Gel pieces
were dehydrated in avacuum centrifugal concentrator
andwereincubated in 10L of trypsin (0.020g/mL) so-
[ution onicefor 45 min. After replacing with 20 mM
ammonium carbonate, gd piecesweredigested a 37°C
overnight. Onthefollowingday, 0.5% (v/v) trifluoroacetic
acid (TFA) in50%ACN wasadded, and theextraction
was conducted twicein an ultrasonic water bath. Pep-
tideswereextractedin 0.1%formicacidin 206ACN for
further MALDI-TOFMSandysis.

MALDI-TOF MSanalysis

Mass of proteinsisolated from 2D-gel was ana-
lyzed using aPerSeptive Biosystem Voyager-DE STR™
MALDI-TOFMS (Applied Biosystems, CA, USA)
under conditionfor positiveion detection. Peptide ex-
tractsweremixed with amatrix solution consisting of
10 mg/ml -cyano-4-hydroxycinnamicacid, 0.1% TFA
and 50% ACN. Angiotensin 1 (monoisotopic mass,
1296.6853), rennin substrate (1758.9331) and adreno-
corticotropic hormone (2465.1898) were employed for
mass calibration. Autol ytic fragmentsof trypsin were
employedfor internd calibration. Proteinswereidenti-
fied by peptide massfingerprintingwithMS-FZI supple-
mented with theoption for Bacteriainthe NCBI data
base. Thecriteriafor positiveidentification of proteins
were set as follows: (i) at least 4 matching peptide
masses, (ii) 50 ppm or better massaccuracy, and (iii)
matching of MW and Pl of identified proteinswith the
vauesestimated fromimageandysis.

Analysisof sugars

Sugarswereanayzed by HPL C equipped withan
RI detector (Young Lin Acme 9000) and an HPX-87P
column (Bio-Rad), inwhichtheflow ratesand column
temperature were adjusted to 0.6 ml/min and 85°C,
respectively. Delonized water was used asthe mobile
phase. The concentration was ca cul ated through com-
parison of the peak areawith that obtained from stan-
dard solutions.

Purification of EPS

Cold a cohol-precipitated EPSwasrehydrated in
purewater and was purified by gel-filtration chroma-
tography (Superose HR, Amersham Pharmacia, Swe-
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den). Pure water was used as the elution buffer at a
flow rateof 0.2 ml/min; theflow ratewas controlled by
aHPLC pumping system (Eyela214 dua pump, To-
kyo, Japan) and fractions were monitored by a UV
detector (Young Lin, UV730D, Seoul, Korea) at 210
nm. EPSwas sel ectively fractionated based on reten-
tiontime, asdetermined in previousresearch™.

RESULTS

EPSproduction by growing cells

EPS metabolicaly produced by grown on different
Sugarswas quantitatively compared. Approximate4.9g/
L, 2.1g/L, 1.5g/L, and 2.1g/L of EPS from sucrose,
glucose, fructose, and glucose-fructose mixture, respec-
tively, was produced (TABLE 1). Theyields of EPS
produced from SKkimchi3 grownon glucoseandona
mixture of glucose and fructose weresimilar to each
other, and weregreater than that of fructose. Theglu-
cose-fructose mixturewasnot effective asasubstitute
for sucrosein the metabolism of SKkimchi3for EPS
production.

TABLE 1 : Effects of sugar species on growth and EPS
production of W. helenica SK kimchi3.

Glucose+
Fructose

291+0.25
2.12+0.43
0.073

Substrates Sucrose Glucose Fructose

Growth (OD)
EPS (g/L)?
EPS/OD

a, dry weight

EPS synthesisby catalysisof crudeenzyme

310+021 253+013 287+0.19
489+0.16 206+0.38
0.158 0.081

1.45+0.23
0.051

In order to determinewhether different sugarsaf-
fect thesynthesis of enzymesresponsiblefor EPS syn-
thesis, or affect EPS-synthesis, acrude enzymeiso-
lated from SKkimchi3 cultivated on sucrose, glucose,
and fructose was used as catalyst for EPS synthesis
from different sugars. Approximate 50% of fructose,
65% of glucose, and 78% of sucrose was converted
to EPS, as shown in TABLE 2. However, the ten-
dency of EPS production from different sugars was
the samefor growing cells. Glucose and fructose pro-
duced from sucrose by catalysis of crudeenzymere-
mained in the reaction mixtureininverse proportion
to EPS produced from glucose and fructosein reac-
tion mixture.
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Affinity of crudeenzymefor different sugars

Thedifference of EPS production by catalysis of
the crude enzyme was determined by kind of sugars
used assubstrates. EPS production may beinfluenced
by affinity and reaction rates between substrateand en-
zyme. Affinity and reaction rateswere estimated based
onK_andV__vaues TheK andV __ of crudeen-
zymefor glucosewas4.31 mM/L and 0.124 mM/L/
min, fructosewas5.13 m/ML and 0.039 mM/L/min,
and sucrosewas 3.7 mM/L and 0.22 mM/L/min, re-
spectively, asshownin Figure 1 Theseresultsare pre-
sented in the supplementary data, and indicatethat su-
croseisamoresuitable substratefor the crudeenzyme
catalyzing EPS synthes's, compared to glucoseor fruc-
tose.

TABLE 2: EPSproduction from different sugar sby crude
enzyme isolated from SKkimchi3 cultivated on different
sugars.

Growth  Reaction Consumed Products (g/L)
substrates substrates wkzzt/lr_e;tes Glucose Fructose EPS
Fructose 9.4+1.2 4.8+0.3
Glucose Glucose 12.2+0.6 8.2+0.5
Sucrose 19.2+41.1 15+0.1 2.6+0.2 15.1+1.1
Fructose 8.8+0.7 4.6+0.6
Fructose Glucose 11.8+0.8 7.2+0.4
Sucrose 18.2+1.3 1.2+0.1 2.3+0.2 14.1+0.8
Fructose 9.2+0.7 4.7+0.5
Sucrose Glucose 12.4+0.9 7.5+0.4
Sucrose 18.8+1.2 1.3+0.1 24+0.1 14.8+1.2

2D-SDS-PAGE and MALD-TOF

Totd solubleproteinsisolated from SKkimch3 cul-
tivated on sucrose and glucose were compared by
2D-SDS-PAGE, asshownin Figure 2 Most protein
spotson 2D gel for glucose were from the same as
those for sucrose; however, some protein spots on
2D gelsweremore weakly or strongly expressed, or
were not mutually expressed at all. All of the protein
spots on the 2D-gel were not totally identified with
the proteinsreleased in the MALD-TOF M S data-
base when compared based on the matching peptide
mass (MW), pl, and protein sources. Thisresult shows
that both sucrose and glucose may not be afactor to
inducesignificant variation of SKkimchi3 metabolism
for EPSsynthesis.
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Figurel: Lineweaver-Burk plot of kinetic differencesfor
sugar consumption by crude enzyme (20mg/ml) coupled to
EPSproduction. Dataarepresented asmean of tripletests.

DISCUSSION

EPS produced by lactic acid bacteriaresponsible
for food fermentation may be safeand useful asafood
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additive or ingredient. W hellenica SKkimchi3, a
heterofermentativelactic acid bacteriumisolated from
fermented kimchi, differently produced a
homopolysaccharideglucan polymer from sucrose, glu-
cose, fructose, and lactosg* ™™, Various EPS-synthesi z-
ing lactic acid bacteriaproducerelatively high or low
concentrationsof EPSfrom aspecific sugar, usualy su-
crose>1617, Sucrose has been employed asasubstrate
for glucan productionin studiesusing lactic acid bacte-
ria, because gregter yieldsof EPSwere obtained from
sucrosethan other sugarg?. Somelactic acid bacteria
(e.g. L. mesenteroids, Sreptococcus species, and Lac-

Glucose

tobacillus species) produced structurd ly and quantite-
tively different glucansfrom sucrosd'®, Yid ds, struc-
tures, uses, and molecular massof glucanshavebeenthe
main subject inmost studiesrel ated to the EPS-produc-
inglactic acid bacteria Ontheother hand, themetabolic
rel ationship between sugarsand EPSyie d hasnot been
studied. SKkimchi3isauseful bacteriumto study the
reasons as to why more EPS was produced from su-
crosethan glucoseand fructose, because crudeenzyme
isolated from SKkimchi 3 catal yzed the splitting of su-
croseinto glucose and fructose and the synthesisof a
homopolysaccharide glucan polymer from sucrose.

Sucrose

Figure2: Silver-stained 2D-SDS-PAGE patternsof total proteinsobtained from SK kimchi3 that wascultivated on glucose

and sucrose.

Glycansucrase (GS) is akey enzyme which cata-
lyzesthesplitting of sucroseinto glucoseand fructose, as
well asthe synthes sof polysaccharidefrom monomeric
and dimeric sugarsinthe EPS-synthesizinglactic acid
bacterid?+#4. Accordingly, SKkimchi3 contains GSbased
on the experimental data that the crude enzyme of
SKkimchi 3 catayzed EPS synthesisfrom dimericand
monomeric sugars (sucrose, glucose, and fructose) and
splitting sucroseinto glucoseand fructose (TABLE 2).
Themetabolic synthesis of GS by SKkimchi3 may not
beinfluenced by kindsof sugarsused asthe substrates
for growth, based on theexperimentd result that crude
enzymesisolated from SKkimchi3 grown on sucrose,
glucose, and fructose catayzed the synthesisof nearly
thesame quantity of EPSfrom each sugar. GSmetabali-
cdly synthesized by SKkimchi3 grown ondifferent sug-
arsmay not bedifferentintheir catdyticactivity for EPS

BioTechnologqy —

synthesi sbut may be sdlectively and differently reacted
withaspecific sugar based onthedifferenceof K and
V. valuesfor sucrose, glucose, and fructose®.. This
phenomenon observed in EPS-synthesizing metabolism
of SKkimchi3isdifferent fromL. reuteri LB121, which
sdlectively produces GSwhen grown on sucrose?. Su-
crosewasan essentia factor to induce biosynthesis of
GSfor L. reuteri LB121, but not for SKkimchi 3. Spe-
cific sugar may not be a factor for the induction of
SKkimchi3to synthes zetheenzymatic catdyssof EPS
gynthes's orinfluencethemetabolismof SKkimchi3based
on 2D-SDS-PAGE whichwasnot significantly and not
differently influenced by sucroseand glucose.

CONCLUSION

Itispossiblethat the EPS synthesisof SKkimch3
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may benot metabolicaly influenced by thekind of sug-
arsemployed asagrowth substrate, but biochemically
(catdyticdly) influenced by the synthesized enzyme. The
chemical energy released by cleavage of the energy-
rich glycosidic bond of sucrose may beacauseto pro-
ducemore EPSfrom sucrosethan other sugars®. How-
ever, it may be not ageneral phenomenon based on
that relatively more EPS was produced from glucose
than fructose or lactose. Accordingly, biochemical EPS
production by SKkimch3 may beinfluenced by these-
| ectivereaction between specific sugar and enzymere-
gpons blefor EPSsynthesis Thisstudy may betheuseful
informationto sdect bacterid strain and choosekind of
sugarstoimprove enzymatic production of EPSfor the
safefood additive and ingredient.
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