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Biodegradationofpolysaccharideinbrownseaweeds;Laminaran

byisolatedmicroorganisms

AhmadFathoni

DepartmentofBiotechnology,GraduateSchool,

PukyongNationalUniversity

Abstract

Microorganismswith theability to producean enzymecapableof

degrading polysaccharide in brown seaweeds,particularly laminaran (β

-(1,3)-glucan)werenewlyisolatedfrom soilbyenrichmentculturecontained

brownseaweedsasasolecarbonsource.A totalsixmicroorganismswere

isolatedandwerestudiedforenzymeactivities.Thecellulargrowthofsix

microorganismswasmonitoredusingspectrophotometeratOD375 andtheir

abilitytodegradelaminaranwasdeducedfrom theincreaseintheamount

ofreducingsugarsmeasuredbydinitrosalicylicacid(DNS)methodatOD570.

Theresultsshowedthatmixedsixisolatedmicroorganismswereableto

grow intheculturemedium containinglaminaran(5gL
-1
)asasolecarbon

source.Compared to single isolated microorganism,mixed six isolated

microorganisms also showed the higher reducing sugars amount with

decreasingofpHduringreaction.

Biodegradation oflaminaran by mixed six isolated microorganisms

wasmoreinvestigatedunderbatchconditionsat37
o
C and180rpm.The

experimentwas performed in 15-mL cotton-plugged tube using culture
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medium containinglaminaran(5gL-1),initialpH 6.8.EffectsofpH changes

andmixedcellscompositionwerestudiedandthepatternofbiodegradation

productwasanalyzedbyHighPerformanceLiquidChromatography(HPLC).

The pH changes affected to the microorganism activity when itwas

adjusted with NaOH solution during reaction by decreasing ofreducing

sugarsamount.TheHPLCanalysisshowedthatthebiodegradationproduct

formed from laminaran was not only glucose but amounts of

oligosaccharides were also produced.Itis indicating that the enzyme

degradedlinear1,3-β-glucanlaminaraninanendosplittingmanner.

GlucosewasdetectedbyHPLCabout1516mgㆍL-1with30.33% yield

after 3 days. Based on these results, we successfully found the

microorganisms which can utilize polysaccharide in brown seaweeds,

laminaran.Itwould be importantfrom the viewpointofproduction of

renewablefuelsand promising foreitherseaweed industry orbioethanol

industry.

Keyword:Biodegradation;Seaweeds;Laminaran-degradingmicroorganisms.
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순수 분리 균에 의한 갈조류 다당류의 분해 반응

AhmadFathoni

부경대학교 대학원 생물공학과

요 약

갈조류의 구성 성분인 다당류 중에서 laminaran(β-(1,3)-glucan)를 분해

효소를 생산하는 6종의 미생물들을 단일 탄소원으로 갈조류(다시마)가 포함된

배지를 이용하여 새롭게 분리되어졌으며,이들의 효소의 활성이 연구되어졌다.

미생물들의 세포성장은 OD375에서 spectrophotometer를 사용하여 관측하였고,

laminaran의 분해능은 OD570.dinitrosalicylicacid(DNS)method에 의해 sugar

의 환원반응실험 하였다.실험의 결과는 혼합된 미생물들이 단일 탄소원으로서

laminaran(5gL
-1
)을 포함하는 배지에서 성장할 수 있다는 것을 보여주었다.

또한,단일 미생물의 배양에서와 비교하면 혼합된 6가지의 미생물들은 반응 동

안에 pH값의 감소와 함께 당 환원되는 양이 더 높게 나타난다.

혼합된 미생물에 의한 laminaran분해 실험은 37℃와 180rpm의 회분식

배양 조건하에서 시작 pH는 6.8에서 laminaran(5gL-1)을 포함하는 배지를 사

용하여 15-mLcotton-pluggedtube에서 수행되어졌다.pH값의 변화에 따른 혼

합된 미생물들 사이에 일어나는 영향에 대하여 실험이 진행되어졌으며,미생물

에 의해서 laminaran이 분해되었을 때에 어떠한 물질이 생산이 되는지는 High

performanceLiquidChromatography(HPLC)에 의해 분석되어졌다.pH의 변화

에 따라 NaOH 수용액을 이용하여 초기의 값으로 맞추었을 때 미생물의 당 환

원 반응의 활성에 영향을 주는 것을 알 수 있다.HPLC분석에서는 laminaran
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으로부터 분해되는 산물이 glucose뿐만 아니라 다량의 oligosaccharide이 생산

된다는 것을 보여줌으로서 미생물들이 endosplittingmanner에서 선형의 1,3-β

-glucanlaminaran를 분해하는 효소가 있다는 것을 알 수 있다.

미생물들의 배양 3일 후에 glucose는 1516mgㆍL-1생산되어졌으며,이

때의 수율은 30.33%이다.이 결과로 갈조류의 구성 성분인 다당류 중에서

laminaran를 분해 효소를 생산해내는 미생물들을 발견하였음을 알 수 있었으며,

이러한 해조류를 이용하여 당을 생산해내는 미생물들을 이용한다면,bioenergy

사업에서 renewable연료 생산에서 원료로서 사용될 것이라고 기대 된다.
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I.I.I.I.I.I.I.IIIIIIII.INTRODNTRODNTRODNTRODNTRODNTRODNTRODNTRODUCTIOUCTIOUCTIOUCTIOUCTIOUCTIOUCTIOUCTIONNNNNNNN

1.Characteristicsofbrownalgae

Theterm algaerefertoalargeanddiverseassemblyof

eukaryoticorganismsthatcontainchlorophyllandcancarryout

oxygenic photosynthesis. Most algae are microscopic and

unicellular,butinthisassemblywealsofindbigmulticellular

organisms,theseaweeds.Brownalgae(Phaeophyta),redalgae

(Rhodophyta)andgreenalgae(Chlorophyta)arethecommon

groups of macro algae. They are typically found along

coastlinesdownto50meters,andliveattachedtothebottom

byspecializedstructurescalledholdfasts.Thisseaenvironment

isratherstableintemperature,humidityandsalinity.Globally,

thepresentutilization ofseaweedsmay bedivided intothe

consumptionofalgaeasfoodintheOrient,andtheindustrial

useofphycocolloidsthroughouttheworld.

Brownalgaearedividedin9orders,265generaandmore

than1500species.Theyabsorbmedium wavelengthgreenlight,

whichenablesthem toliveevenat30-50m depths,butthe

majorityliveintheintertidalbeltanduppersublittoralzone.

Brown algaeprefercoolerwatertemperaturesthan red and

greenalgae.Immersedinwater,theseaweedshavenoneedfor
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internaltransportofnutrientsorwater(Gao and McKineley, 

1993). Thus,brown seaweeds have a high potentialfor

biomassproductionandCO2fixation,andmaybeanattractive

alternative source for energy and chemicals (Svein,2000).

Laminaranusedonthisstudywasextractedfrom Laminaria

digitata(fig.1)
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Fig.1.Laminariadigitata;Darkbrown,to2m inlength;witha

claw-like holdfast,a smooth,flexible stipe,and a

laminate blade to 1.5 m long split into finger-like

segments.
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2.Chemicalcompositionofseaweeds

The chemical composition of brown algae varies

considerablybetweenspecies,throughouttheyearandbetween

habitats.Brownseaweedsexposedtoseasonalchangesusually

accumulatemannitolandlaminaraninthelightseason(spring

toautumn),andconsumethesecarbohydratesduringgrowthin

thedarkseason(HaugandJensen,1954).

The table below shows the chemicalcomposition of

selected,representativeseaweeds,someofwhicharecurrently

used forfood orhavebeen used asfood in thepast.All

figures,exceptforwater(aspercentage),aregivenasgrams

per100gramsofdrymatter.Whennodataareavailable"nd"

isinserted.

Inregardtotheamountofprotein,theconventionisto

convertthetotalnitrogen toproteinby multiplying by 6.25.

Thisshouldbetreatedwithsomecautionas,forexample,the

amountoffreenitratewillaffectthetotalnitrogenlevel.Free

nitratesarefoundinvaryingamountsinredandbrownalgae.
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Composition Laminaria
digitata

Ascophyllum
nodosum

Palmaria
palmata

Ulva
species

Type Brown Brown Red Green

Water(%) 73-90 70-85 79-88 78

Ash 73-90 15-25 15-30 13-22

Totalcarbohydrate - - - 42-46

Alginicacid 20-45 15-30 0 0

Xylans 0 0 29-45 0

Laminaran 0-18 0-10 0 0

Mannitol 4-16 5-10 0 0

Fucoidan 2-4 4-10 0 0

Floridoside 0 0 2-20 0

Othercarbohydrate 1-2 c.10 nd nd

Protein 8-15 5-10 8-25 15-25

Fat 1-2 2-7 0.3-0.8 0.6-0.7

Tannins c.1 2-10 nd nd

Potassium 1.3-3.8 2-3 7-9 0.7

Sodium 0.9-2.2 3-4 2.0-2.5 3.3

Magnesium 0.5-0.8 0.5-0.9 0.4-0.5 nd

Iodine 0.3-1.1 0.01-0.1 0.01-0.1 nd

Table1.Chemicalcompositionofseaweeds.
(Gayral,P.&Cosson,J.1973,Haug,A.&Jensen,A.1954,Jensen,A.1956,Jensen,A.1956)
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3. Storage carbohydrates from brown seaweeds;

Laminaran

In brown seaweeds,alginate is the main structural

compound (Kloareg and Quatrano,1988),while mannitoland

laminaranarecommonstoragematerials.Thus,theabsenceof

ligninandthelow contentofcelluloseinbrownalgaeshould

makethem asimplermaterialforbioconversionthanlandplants.

Seaweedsrich in carbohydratesand aremostfavourablefor

biologicaldegradation with a low contentofash and water.

Howeverpolyphenols(Morandetal.,1991)andsalt(Ghosh,1988

andMoen,1997)inthealgaemayreducethebiodegradability.

Thepolysaccharideslaminarin,thestorageglucanfoundin

mostalgaeandphytoplankton(Meeuse,1962andPainter,1983),

is one ofthe mostabundantcarbohydrates in the marine

ecosystem.It consists ofliner,mannitol- or glucose-ended

chainsofβ-(1→3)-linkedglucoseresidues,withoccasionalβ-(1

→6)-linkedbranches(MaedaandNisizawa,1968;Elyakovaand

Zvyagintseva,1974;Usuietal.,1979;ReadandCurrie,1996)

(fig.2).The main chain length and the overalldegree of

polymerization(DP)oflaminarinrangefrom 7to19and16to

31,respectively,indicating a structural polydispersity,from

essentiallylinearβ-(1→3)-glucanstobranchedβ-(1→3),β-(1→
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6)-glucanswithanaverageofthreeramificationspermolecule.

Solubilityincoldwaterdependsonthebranchingcharacteristics,

withincreasinglinearityresultinginagreaterabilitytoform

intermolecularhydrogen bonds and insolubleaggregates(Bull

and Chesters,1966).Itisasoluble β-1,3-D-glucosepolymer

with somebranching atpositionsC-2and C-6,and isalso

knownaslaminaranorleucosin.Thesizetypicallyrangesfrom

20-30 glucose residues,and some chains are terminated by

mannitolend-groups(Meeuse,1962;Painter,1993andReadet

al.,1996)
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Fig 2.Chemicalstructure of1,3-β-D-glucan with 1,6-linked

branchesofglucopyranosylunit.
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Therearetwotypesofenzymeinvolvedinthehydrolysis

ofpolysaccharides;an exo and an endo-type enzyme.The

exo-typeenzyme(E.C3.2.1.58)hydrolyzesthenonreducingends

ofβ-1,3-D-glucantoform β-D-glucose,whereastheendo-type

enzyme (EC 3.2.1.39) randomly hydrolyzes the β

-1,3-D-glucosidiclinkageinβ-D-glucansandanotherendo-type

enzyme(EC.3.2.1.6)alsorandomlyhydrolyzestheβ-1,3-andβ

-1,4-glucosidiclinkagesinβ-D-glucans(Miyanishietal.,2003).

Todate,β-(1→3)-glucanasehasbeenisolatedfrom various

sourcessuchasplant(Ketokeetal.,1997andAkiyamaetal.,

1998),bacteria (Horikoshi,1997 and Kanazawa) and yeast

(Molinaetal.andEstebanetal).β-(1→3)-glucanasethatcan

hydrolyzelaminaran toglucosemonomerwhereitisagood

substrateforfermentationprocess.Mannitol,ontheotherhand,

isnotreadilyfermented.Itisinitiallyoxidizedtofructoseby

theenzymemannitoldehydrogenase(Litkenhous,1967).

4.Seaweedusedashumanfood

Seaweedshavebeenusedasahumanfoodsinceancient

times,particularlyinChina,JapanandKorea.Seaweedshave

alsobeenconsumedbythecoastalpopulationsofmany
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countries,sometimesaspartofasubsistentliving,orasa

regularingredientofsalad-typepreparations,thelatterespecially

inHawaiiandthewarmercountriesofSouthEastAsiasuchas

Indonesia,Malaysia,PhilippinesandThailand

(http://www.fao.org/docrep/004/y3550e/Y3550E04.htm).

Recently,theKoreanisoneofthebiggestconsumersof

seaweed asfood.New method havebeen developed forthe

handling,treatment and sorting of the seaweeds to meet

marketing requirements.The strictselection and subsequent

grading foran accepted productresultedin excessive"waste

material." In order to obtain a maximum benefitfrom the

availableresource,methodshavebeendevelopedtoconvertthis

low-grade,unmarketableseaweed intomoreusefulcompound.

Seaweedmayhaveahighcontentofdegradablecarbohydrates,

making them a potential substrate for the production of

bioethanol(Rotmann,1987).

5.Productionofethanolfrom seaweeds

Nowadaysalmostallbioethanol,i.e.ethanolproducedfrom

renewableresources,isproducedin Brazil,USA andCanada.

Themajorityofthebioethanolisusedinthetransportsectoras

an oxygenated fuel additive. The raw material used is
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sugar-basedorstarch-based(Wheals,1999).Overthelastfew

decades,ethanolproductionfrom renewableresourceshasbeen

ofinterestasanalternativefuel.

Therearefew reportsaboutanyotherresearchdoneon

ethanolproductionfrom seaweeds.Mostoftheworkconcerning

bioconversion ofseaweed has been related to methane gas

production.The reason may be the complex composition of

seaweeds,containingseveraldifferentcarbohydrates.Findinga

microorganism thatcanfermentallthedifferentcarbohydrates

to ethanolis notvery likely.Besides,alginate,as a major

componentin brown algae,may notbefermented toethanol

sincetheredox balancein theglycolyticoxidation ofuronic

acidstopyruvateismaintained.Hence,noexcesselectronsare

availableforthereductionofpyruvatetoethanol. Ontheother

hand,Laminaranandmannitolmaybeconvertedtoethanol,and

thesesugarscanalsoeasilybeextractedfrom milledseaweed

(PercivalandMcDowell,1967).

In this study,we were interested in isolating useful

microorganism thatcanutilizepolysaccharidesfoundinbrown

seaweeds. A microorganism capable of degrading the

polysaccharidesfound in brown seaweeds(laminaran)willbe

importantfrom theviewpointofproductionofrenewablefuels

andpromisingforeitherseaweedindustryorbioethanolindustry.
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ⅡⅡⅡⅡⅡⅡⅡ.......Ⅱ.MATERIALSMATERIALSMATERIALSMATERIALSMATERIALSMATERIALSANDANDANDANDANDANDMETHODSMETHODSMETHODSMETHODSMETHODSMETHODSMATERIALSANDMETHODS

1.Materials

Atthebeginning,brownalgae(seaweeds)wereusedfor

screening the laminaran degrading bacteria. The brown

seaweeds were obtained from the market and standard

laminaranfrom L.digitatawaspurchasedfrom Sigma-Aldrich,

Co.,Korea.Stocksolutionoflaminaran(10% w/v)wasmadeby

dissolving1goflaminaraninto10mLofdistilledwater.Itwas

thenautoclavedat121℃ during15minforsterilization.

Thereleaseofbiodegradationproductwasmeasuredasa

reducingsugarbythedinitrosalicylicacid(DNS)method.The

DNS reagent was made by dissolving 0.25 g of

3,5-dinitrosalysilic acid and 75 g potassium sodium tartrate

(Rochellesalt)in50mLof2M-NaOH anddilutingto250mL

withdistilledwater(Chaplin,1986andMiller,1959)
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2.Microorganismsandcultureconditions

Thepotentialmicroorganismswiththeabilitytodegrade

polysaccharide in brown seaweeds,Laminaran were isolated

from soilsampleswhichtakenfrom landarealocatednearby

laboratoryintheearlyofJuly.Microorganismswerescreened

from soilusing liquidmedium (pH 6.8)containedsteriletap

water,0.1gL-1ofNH4Clandbrownseaweeds(1mm
2insize)

asasolecarbonsource.

Screening ofusefulmicroorganismswasconducted in a

250-mLflask,whichwasincubatedat37℃ and180rpm for8

days.Afterincubation,samples were streaked onto an agar

medium (pH 6.8)contained8gL-1ofNutrientbrothwith1.5%

(w/v)ofagar.Streakedagarplateswereincubatedat37℃ and

for3days.Mixedcoloniesformedon agarwerepurifiedby

repeated streaking ontonew agarmedium.Each pureculture

wasmaintainedontheagarplateandstoredat4℃.Itthen

periodicallytransferredontonew agarmedium every4weeks.

In ordertomaintain themicrobialactivity on degradation of

laminaran,each pure culturewas also grown both in liquid

medium andonagarmedium contained1gL-1 oflaminaran

thenstoredat4℃ and-20℃ untiluse.
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3.Inhibitoryeffectsofisolatedmicroorganisms

Theisolatedmicroorganismsweretestedfortheinhibitory

effectorpotentialofbacterialantagonistsagainsteachothers.

This experimentwas done by using a perpendicularstreak

techniqueasdescribedbyLitkenhousandLiu(1967),astreakof

20mm ofpotentialantagoniststrainwasmadewithasterile

cottonswabacrossaplateoflaminaranmedium containing1.5%

ofagar.

Theplateswereincubatedat37℃ for5daystoallow the

productionofantagonicsubstanceandthenwerecheckedofany

growthinhibitionofeachisolate.
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4.Effectsofvitaminandmineralonmicrobialgrowth

Inordertoinvestigatetheeffectsofvitaminandmineral

oncellgrowthagainstcontrol,vitamin0.05% (v/v)andmineral

solutions0.05% (v/v)wereaddedintothelaminaranmedium.

Afterautoclaving,0.5mL ofvitamin solution and0.5mL of

mineralsolutions,whichhavebeensterilizedbyfilteringthrough

the0.2µm filterpapers,wereaddedintothelaminaranmedium.

Cultivationwascarriedoutina100-mLflaskat37℃ and180

rpm,with 5% (v/v)ofinoculum size.Cellulargrowth was

measuredperiodicallyasabsorbanceoropticaldensityat375nm

byusingaVIS/UVspectrophotometerOPRON-3000.
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5. Biodegradation of laminaran by isolated

microorganisms

The ability of isolated microorganisms to degrade

polysaccharideinbrownseaweedslaminaranwasinvestigated.

The biodegradation oflaminaran was carried outin batch

cultureof15-mL cottonpluggedtubewithaninitialworking

volumeof8mL using alaminaranmedium,whichcontained

(perL):0.1gofMgSO4,0.1gofNaCl,0.1gofCaCl2, 2gof

(NH4)2SO4,and0.5gofKH2PO4 and5goflaminaran.Before

runningtheexperiment,cellswereadaptedfor5daysinthe

medium containedlaminaran(1gL-1)at37℃ and180rpm and

harvestedbycentrifugingat7,000rpm for10min.With0.2%

(w/v)ofinoculum size,cellswereinoculated into theliquid

medium containedlaminaran(5gL-1).andincubatedinshaking

incubatorat37℃ and180rpm.

Thereleaseofbiodegradationproductfrom laminaranwas

determined asreducing sugarby theDNS method.And the

pattern of biodegradation product was analysed by High

PerformanceLiquidChromatography(HPLC).
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6.EffectsofpH changesandmixedcellscomposition

onmicrobialactivity

The effects of pH changes on the biodegradation of

laminaran by isolated microorganisms was investigated by

adjustingpH solutiontotheinitialstate(pH 6.8)withadding

alkalinesolution.SampleswereaddedwithNaOH (1N)solution

atthesamplingtime.

Inthestudyoftheeffectsofmixedcellscompositionon

degradation oflaminaran,weapplied differentcomposition of

mixedcellsintothelaminaranmedium.Inthisstudy,weused

mixedcells(FS1toFS6)andmixedcells(FS2andFS4).The

effects of pH changes and mixed cells composition were

observedbymeasuringthereducingsugarusingdinitrosalicylic

acid(DNS)method.
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7.Methodsofanalysis

7.1.Determinationofcellgrowth

Cellgrowthofisolateswasdeterminedbymeasuringthe

opticaldensityusingaVIS/UV spectrophotometerOPRON-3000

atthefixedwavelengthat375nm.

7.2.Determinationofenzymeactivity

The enzyme activity of isolated microorganisms on

degradationoflaminaranwasdeducedfrom theincreaseinthe

amountofreducing sugars measured by dinitrosalicylic acid

(DNS) method.Culture sample (150 μL) were taken and

centrifugedusing1.5mleppendorftubeat7,000rpm for5min.

Thesupernatant(100 μL)wasthenpipettedandaddedinto1

mL dinitrosalicylic acid reagentand mixed well.The mixed

solutionwasheatedat90-95℃ for10min.Afterrapidcooling

toroom temperature,reducingsugarwasdeterminedatOD 570

nm (Chaplin,1986 and Miller,1959) by using a VIS/UV

spectrophotometerOPRON-3000.
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7.3.HighPerformanceLiquidChromatography(HPLC)

analysis

Patternofbiodegradationproductformedfrom laminaran

byisolatedmicroorganismswasexaminedusingHPLC.Culture

samples(1mL)werecentrifugedat7,000rpm for10min.to

removebacteria.Thesupernatantwasfilteredwith0.2µm pore

sizeandwasanalyzedbyusingHPLC.TheHPLCsystem was

equipped with refractive index (RID) detector.The HPLC

column used was Sugar-Pak I300 mm x 6.5 mmID.The

mobilephaseusedwasH2O,flow ratewassetat0.5mL/min.

Thecolumnanddetectortemperaturesweresetat80℃ and

35℃,respectively.The degraded products were detected by

HPLCwithglucoseasthestandard.



- 20 -

ⅢⅢⅢⅢⅢⅢⅢ.......RESULTSRESULTSRESULTSRESULTSRESULTSRESULTSRESULTSANDANDANDANDANDANDANDDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONⅢ.RESULTSANDDISCUSSION

1.Screeningofusefulmicroorganisms

Microorganismswith theability to producean enzyme

whichisabletodegradepolysaccharidefrom brownseaweeds,

Laminaran were screened from soilwith enrichmentculture

containingbrownseaweedsasasolecarbonsource.

Afterincubationat37℃ for3days,coloniesappearedon

agar plates and dominant colonies were selected as

microorganisms with the ability to metabolize polysaccharide

from brownseaweeds.Thecoloniesofscreenedmicroorganisms

were purified by repeated streaking on nutrient agar and

incubatedat37℃.Six strainsweresuccessfully isolated and

theircharacteristicsinliquidmedium wereobservedbydirect

microscopeunder1,000magnifications(Table2).Thesixstrains

werenamedasFS1,FS2,FS3,FS4,FS5andFS6respectively.

Theyweretestedfortheabilitytometabolizepolysaccharide

from brownseaweedsespeciallylaminaran.Inordertomaintain

theiractivity,sixstrainswereperiodicallytransferredontothe

freshagarmedium containedlaminaran(1gL-1)every4weeks

andwerestoredat.4℃.
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Thesixstrainsformedcoloniesonagarmedium containing

1gL-1oflaminaranand1.5% ofagarAmongsixstrains,FS3

formedcolonyweakestthanothers(fig.3).
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Isolate Characteristics

FS1
Sporeformingbacteria,shortrodshaped,1-2µm (L),1.0-1.5µm
(W),catalasepositiveandgram positive.

FS2
Shortrodshapedbacteria,1-2µm (L),0.5-1.5µm (W),catalase

positiveandgram negative.

FS3
Thin rodshaped bacteria,2-4µm (L),0.4-0.7µm (W),catalase
positive,andgram negative.

FS4
Irregularshapedbacteria,cluster,0.5-1.5µm (L),0.5-1.0µm (W),
catalasepositiveandgram positive.

FS5
Sporeformingbacteria,rodshapedbacterium,3-5µm (L), 1-1.5
µm (W),catalasenegativeandgram positive.

FS6
Sporeforming bacteria,shortrodshapedbacterium,1-2µm (L),
0.5-1.0µm (W),catalasepositiveandgram positive.

Table2.Microscopicobservationofscreened

microorganismsunder1,000magnification.
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Fig.3.Colonyformingofsixisolatedmicroorganismsonagar

medium containedlaminaran(1gL-1).
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2.Inhibitoryeffectsofisolatedmicroorganisms

According to the previous study by A.M.Alippietal.

(2006), some bacteria strains showed antagonistic activity

against others. It could be related to the production of

bacteriocinsorbacteriocin-likecompoundwhichcaninhibitto

thecellgrowth.

Inhibitoryeffectsstudyallow toinvestigatethepossibility

forusingthem togetherinreaction.Inthisstudy,theinhibitory

effectofeachisolatehasbeentestedusingperpendicularstreak

technique as described by Litkenhous and Liu (1967).Each

isolatewasstreakedwithasterileswabacrossaplateandthe

platewasincubatedat37℃.Afterincubation,theplateswere

checkedfortheinhibitoryeffect.Theresultshowedthatamong

six isolated microorganisms,there was no growth inhibition

showedbyeachisolate.Itcanbeconfirmedthateachisolate

couldgrow onagarmedium asshowninfig4.

Theseresultsalsodescribethemicrobialinteractionamong

theisolatedmicroorganismsintheculturemedium andallow us

toapplythem togetheronbiodegradationoflaminaran.
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Fig.4.InhibitoryeffectofFS1againstotherspeciesonagar

medium.Otherdataarenotshown(sameresults).
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3.Effectofvitaminandmineralonmicrobialgrowth

In microbial growth,cells must active the metabolic

pathwayforaminoacidsandvitaminstobeginactivegrowth.

Theeffectsofvitaminandmineralonthecellulargrowthofsix

isolatedmicroorganismswerestudiedwithaddingandwithout

addingvitaminandmineralintotheculturemedium containing

laminaran(10gL-1).

Asshowninfig.5,theresultsshowedthatthecellular

growth ofsix isolatedmicroorganismswasinfluencedby the

presenceofvitaminandmineralintheculturemedium.Cells

reachedastationaryphasewithin2d,whichwasfasterthan

observedintheabsenceofvitaminandmineralsolutions.The

factorsthatcausecellstoenterstationaryphasearerelatedto

changesinenvironment,typicallycausedbyhighcelldensity.It

meanstheshortertimerequiredbycellstoenterthestationary

phasethehighercelldensityintheculturemedium.

Specific growth rates (µ) with the presence and the

absenceofvitaminandmineralsolutionswerecalculatedtobe

0.23and0.14h-1,respectively.Itmeansthatvitaminandmineral

solutions were helpfulfor bacteria to grow and metabolize

laminaranintheculturemedium.
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Fig.5.Effectofvitaminandmineraloncellgrowth.Cellswere

cultivatedinthemedium withpresence(A)andabsence

(B)of0.05% vitaminand0.05% mineralsolutions.
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4. Biodegradation of laminaran by isolated

microorganisms

In the initialstudy,biodegradation of laminaran was

investigated by applying mixed six isolated microorganisms

againstsinglecell.Thisexperimentwasperformedin 15-mL

cotton-pluggedtubeusingliquidmedium containedlaminaranof

5gL-1 anddataweretakenduring9daysexperiment.The

cellulargrowthandreducingsugaramountsproducedbysingle

cellagainstmixedcellsondegradationoflaminaranareshown

infig.6andfig.7,respectively.Comparedtosinglecell,mixed

cellsgrew betterinliquidmedium containedlaminaranandalso

producedhigheramountsofreducingsugar,whereasthesingle

cellshowedverylow degradingactivity.

These results indicate that laminaran could be easier

degradedbymixedcellstoitssimplersugarthansinglecell.

Basedonthisresults,theoptimum activityofmixedcellson

degradationoflaminaranneedstobemoreinvestigated.
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Fig.6.Cellulargrowth(OD375)ofmixedcells(-●-)against

singlecell(-■-)inliquidmedium containedlaminaran

(5gL-1)with6fold.dilutedsample.
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Fig.7.Reducingsugaramount(OD570)ofmixedcells(-●-)

againstsinglecell(-■-)inliquidmedium contained

laminaran(5gL-1)with3fold.dilutedsample.
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5.Profile ofpH on biodegradation oflaminaran by

mixedisolatedmicroorganisms

During reaction, pH values of culture medium were

measuredbypH meter.TheprofileofpH onbiodegradationof

laminaranduringreactionisshowninfig.9.ThepH decreased

totherangeof4.5-5.0from theinitialpH of6.8.ThepH

optimaofβ-(1,3)-glucanasefrom oats,barley,potato,hyacinth,

soyabean,actinomycetesandseaweedsareclosetoourvalues

(Dillon& O'Colla,1951;Peatetal.1952;Duncanetal.1956;

Preeceetal.1960).

Ithas been reported thatthe acidic pH resulting from

degradationoflaminaranbymixedisolatedmicroorganismsis

probably caused by theproduction ofshortchain fatty acid

(SCFA)(Deville,2007).Shortchainfattyacidsuchasacetic

acidismisciblewithwateranddissociatetoform reasonably

strongacids,sothatithassignificanteffectsonthepH ofa

solution.Shortchain fatty acidswhich produced by isolated

microorganismsmaybeamechanism ofintestinalresistanceto

theirnew environmentinliquidmedium containinglaminaran.
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Somewater-solublefibers,suchasresistantstarch from

potatoes and undigested oligosaccharides,are metabolized to

shortchainfattyacids(SCFA;aceticacid,propionicacidand

butyric acid)and lactic acid by colonic bacteria (Cherbut,

Michel,& Lecannu,2003).Laminaranfrom Laminariadigitatais

watersolublepolysaccharidethatcouldbealsometabolizedto

shortchainfattyacids. Otherstudiesshowedtheproductionof

fattyacidsfrom laminaranbyvariousbacteria.Shortchainfatty

acids(aceticacid,propionicacidandbutyricacid)and lactic

acidwereproducedfrom degradationofLaminariadigitataby

human fecalbacteria(Deville,2007;Kuda,2005;Rochet,1997

andKuda,2009)

InastudybyLevison(1973),theproductionofshortchain

fattyacids(aceticacid,butyricacid)andlacticacidinhibited

thegrowthofbacteria.Inthisstudy,ontheotherhand,the

productionofshortchainfattyacidscausetheacidicpH which

helpedtheisolatedmicroorganism degradepolysaccharidesfrom

seaweeds,especiallylaminaran.

Moreinvestigationconcerningtheproductionofshortchain

fatty acids(SCFA)onbiodegradationoflaminaranby mixed

isolatedmicroorganism areneeded.Shortchainfattyacidscan

beanalysedbyusinggas-liquidchromatography(GLC).
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Fig.8.ProfileofpHduringdegradationoflaminaran

byisolatedmicroorganisms.
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7.EffectsofpH changesandmixedcellscomposition

on microbialactivity

7.1.EffectsofpH changes

In the initialstudy showed thatpH ofculture medium

decreasedtorangeof4.5-5.0during reaction.In morestudy

aboutpH on thereaction,weinvestigated theeffectofpH

changes on the enzyme (β-(1,3)-glucanases) activity from

isolatedmicroorganisms.Tocarryoutthisexperiment,pH value

wasadjustedtotheinitialpH byaddingalkalinesolutionusing

NaOH (1N)atthesamplingtimeduringexperiment.Effectof

pHchangesonbothmicrobialgrowthintheculturemedium and

theiractivitytodegradelaminaranaredepictedinfig.10and

fig.11,respectively.Theresultsshowed thatthegrowth of

isolatedmicroorganism waslowerwhenthepH wasadjusted.

AndthereducingsugaramountalsodecreasedwhenpH was

adjusted.Briefly,thepHchangesaffectedtothecellgrowthand

reducetheability ofβ-(1,3)-glucanasesactivity from isolated

microorganisms to degrade laminaran when the pH was

adjusted.
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Theresultsindicatethatβ-(1,3)-glucanasesaresensitiveto

pH changes in their environment.In the previous study,

ChestersandBull(1962)reportedthatthisenzymewassensitive

to pH changes and inactivated at extreme values.

β-(1,3)-glucanaseseitherendoorexo-typeweremostactiveat

lowerpH(4-6).
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Fig.9.Cellulargrowth(OD375)ofisolatedmicroorganism in

theculturemedium containedlaminaran(10gL-1).

withoutpHadjustment(-●-)andwithpHadjustment

(-■-)with6-folddilutedsamples.
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Fig.10.Reducingsugaramountsintheculturemedium

withoutpHadjustment(-●-)andwithpHadjustment

(-■-)with3-folddilutedsamples.
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Accordingtotheseresults,pHcouldbecomeacrucialfactor

onbiodegradationoflaminaran.However,morestudyaboutthe

roleofpHonbiodegradationoflaminaranareneeded.
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7.2.Effectsofmixedcellscomposition

Inthepreviousresults,theactivityofsinglecellagainst

mixedcellsondegradationoflaminaranhasbeeninvestigated.

Weobtainedthatthemixedcellsgrew betterinliquidmedium

containinglaminaranandproducedhigheramountsofreducing

sugarthansinglecell.Undermicroscopicobservation at1000

magnifications,there were two strains (FS2 and FS4)that

dominantly grew in culture medium among six isolated

microorganisms.Hence,theeffectofmixed cells composition

was done by investigating on two strains (FS2 and FS4)

againstmixedsixstrains.Theresultsareshowninfig.12and

fig.13.

Theresultsshow thatthecellulargrowthbothmixedsix

and two strains significantly increased within 3 days and

entered to stationary phaseafterthattimewith thespecific

growth(µ)of0.06and0.07h-1,respectively.Comparedtomixed

six strains,theproduction ofreducing sugarby mixed two

strainswashigher.Itissuspected thatbetween twostrains

therearemutualinteractiontodegradepolysaccharideinbrown

seaweeds,laminaran.
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Fig.11.Cellulargrowth(OD375)ofmixedsixcells(FS1-FS6)

(-■-)againstmixedtwocells(FS2andFS4)(-●-)

inliquidmedium containedlaminaran(5gL-1)with

6-folddilutedsamples.
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Fig.12.Reducingsugar(OD570)ofmixedsixcells(FS1-FS6)

(-■-)againstmixedtwocells(FS2andFS4)(-●-)

inliquidmedium containedlaminaran(5gL-1)with

3-folddilutedsamples.
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Basedontheseresults,theenzymeactivityfrom isolated

microorganisms was influenced by the composition ofmixed

cellsduetotheirmutualinteractionintheculturemedium to

degrade laminaran.However,the further study about their

interactionandmixedcellscompositiontoobtaintheoptimum

resultsareneeded.

5.Pattern of biodegradation productby mixed six

isolatedmicroorganisms

Thepatternofbiodegradationproductbymixedsixisolated

microorganisms was analyzed by using HPLC.The results

showedthatthebiodegradationproductformedfrom laminaran

was notonly glocuse butamounts ofoligosaccharides (the

largersugarthanglucose)werealsoproduced(fig.8).

Thesimilarresultswereshowninotherstudies.Product

ofdegradation oflaminaran by endo.-β-(1,3)-glucanasesfrom

HaliotistuberculataandBacillusclausiiNM-1wereglucose,

laminaribioseand laminaritriose(V.Lepagnol-Descampsetal.,

1998; Miyanishi et al., 2002), by β-(1,3)-glucanases from

Trichoderma harzianum were glucose, gentibiose and

laminaribiose(E.C.Giese,2006).Endo.-β-(1,3)-glucanasesfrom
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Perna viridis produced glucose and di-,tri-,tetra-saccharides

(Zakharenko etal.2008)and .Endo.-β-(1,3)-glucanases from

Marine mollusk Littorina kurila produced Glucose,

laminariobiose,othersmalloligosaccharides(M.S.Pesentsevaet

al.2008).

Thisresultconfirmsthatmixed isolated microorganisms

producedanenzymeβ-(1,3)-glucanthatdegradepolysaccharide

from brown seaweeds,laminaran.And by using the HPLC

analysiswecan investigatethetypeofenzymeproducedby

microorganismswheatheritisendo-enzymeorexo-enzyme.The

production ofglucose and amounts ofoligosaccharides with

differentsizesindicatethatβ-(1,3)-glucanasesfrom themixed

isolatedmicroorganismsdegradedlinearβ-(1,3)-glucanlaminaran

inanendo-splittingmanner.
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Fig.13.HPLCanalysisofastandardlaminaran(a)and

productbymixisolatedmicroorganisms(b).
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Ⅳ.ConclusionⅣ.Conclusion

Inordertoutilizethepolysaccharideinbrownseaweeds,

especially laminaran,six strainsofbacteriaweresuccessfully

isolatedfrom soil.ThesebacteriawerenamedasFS1,FS2,FS3,

FS4,FS5andFS6respectively.Inthefirststudyonmicrobial

activity showed thatmixed six isolated microorganismswere

abletogrow betterintheliquidmedium containedlaminaran(5

g L-1)than single cell.The cellulargrowth ofsix isolated

microorganisms wasinfluencedbythepresenceofvitaminand

mineralsolutionsinthemedium.

TheacidicpH resultingduringreactionindicatedthatpH

could be a crucial factor on biodegradation of laminaran.

Reducing sugar amount produced by mixed isolated

microorganismswasinfluencedbypH changesandmixedcells

composition.From theresultswereobtainedthatmix isolated

microorganisms werebeabletodegradelaminaranintoglucose

upto1516.59mg/Lwith30.33% yieldafter3days.

The HPLC analysis showed thatproductformed from

degradationoflaminaranwasnotonlyglucosebutothersugars

largerthan glucosewerealso produced.Itisindicating that

enzymefrom isolatedmicroorganismsdegradedlaminaraninan

endo-mannersplittingorendo-enzyme.



- 46 -

Accordingtotheoverallresults,wefoundthattheisolated

microorganismscan beapplied forpolysaccharidedegradation

especially laminaran from brown seaweeds which would be

importantfrom theviewpointofproductionofrenewablefuels

andpromisingforeitherseaweedindustryorbioethanolindustry.

However,thefurtherstudyarestillrequiredtoobtainan

optimum resultsonbiodegradationoflaminaran.

V.FurtherStudy

Inthefurtherstudy,moreinvestigationabouttheeffectof

pH changes and interaction among six strains to obtain an

optimum resultsonbiodegradationoflaminaranarestillrequired.

The production oforganic acid (shortchain fatty acid)and

compositionofdegradationproductformedform laminaranalso

needtobemoreanalyzed.
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