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Characteristicsofanovelbacterium,Bacillusalcalophilus,

forreutilizationofred-seaweedwaste

강소연

부경대학교 대학원 생물공학과

요 약

현재,해조 폐기물의 효율적인 처리가 불가피하게 여겨지고 있다.이러한 폐 홍조류의 재이용에

있어서,습지로부터 분리한 Bacillusalcalophilus균주는 잠재적으로 유용하며 이를 이용하여 실

험실 단위에서 홍조류의 구성 다당류인 agar와 carrageenan의 분해 특성을 분석하였다.Porphyra

powder,agar,carrageenan에서 37℃,4일 배양 후,각각 반지름 0.83,0.87,1.18㎝의 clear

zone을 형성하였고,100-mLflask단위에서 1g/L농도의 agar및 carrageenan만을 탄소원으로 이

용하여 실험한 결과,이 균주의 최적 분해조건인 pH7.5,30℃에서 각각 0.217g/L및 0.250g/L

의 총 환원당을 생성하였다. 본 연구 결과를 통해서 agar와 carrageenan의 분해능을 가지는

Bacillusalcalophilus을 이용함으로써,폐 홍조류를 효과적으로 재이용하고 분해하여 얻어진 환원

당은 바이오에탄올 생산을 위한 가치 있는 물질 등으로 재활용하여 환경적인 문제 해결과 더불어

에너지 개발에 효과가 있을 것으로 기대된다.
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Abstract

Efficienttreatmentofseaweed wasteiscurrently deemed necessary.A

strain isolated from a marsh and identified as Bacillus alcalophilus is

potentially usefulin thereutilization ofred-seaweedwaste.Plateassays

indicated that the isolate possessed both agarase and carrageenanase

activities.TheisolateproducedclearzonesonPorphyrapowder,agarand

carrageenanwithsubstantialradiiof0.83,0.87,and1.18cm,respectively,

after4daysofincubationat37℃.In100-mLflaskexperimentsusingagar

orcarrageenanasthesolecarbonsources,theoptimalpH andtemperature

forthedegradationofbothpolysaccharidesbytheisolatewerefoundtobe

pH 7.5and30℃,respectively.With5% (v/v)inocula,theisolateproduced

0.217g/Lofreducingsugarsfrom 1g/Lofagarand0.250g/Lofreducing

sugars from 1 g/L ofcarrageenan.This is the firststudy to directly

demonstrate the ability of B.alcalophilus to degrade both agar and

carrageenan.Thisbacterium couldprovidetheanswertotheproblem of

red-seaweedwastereutilization,andthereducingsugarsproducedcouldbe

avaluableresourceforethanolproduction.



1

I.I.I.I.I.I.I.I.INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Seaweedsaresuitableforconsumptionbyhumanbeings

and animalsand area favoritefood in Asian countriesin

particular[1].They are often used in fertilizer,fungicides,

herbicides,andphycocolloidssuchasalginate,carrageenan,and

agar[2].Worldwideconsumptionofseafoodincludingseaweeds

has increased steadily due to its health benefits.In recent

years,theamountofseaweedwastehasincreasedduetoits

cultureasanindustrialresourceandasadepollutingplantfor

cleaning inland sea areas and eutrophied seawater [3,4].

Accordingly,thedisposalandreutilizationofseaweedwastehas

becomeessentialforthepreservationofthemarineenvironment

andrecyclingoforganicsubstances[5].

From 2008to 2010in Korea,theannualproduction of

seaweed,mostly by aquaculture,averaged approximately 882

thousandtons[6].Themajorspecieswerebrownseaweedand

redseaweed,suchasPorphyrateneraandPorphyrayezoensis,

because they are well adapted to Korean weather.

Approximately one quarterofthe totalamountofseaweed

produced is assumed to be discarded annually [7].Unused

seaweedwasteiscustomarilydiscardedvialandfill,incineration,
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orby dumping intothesea.Therefore,thegreaterpartof

seaweedwastehasbeenutilizedinefficiently,anditsdisposal

affectsthelocalenvironment.Inaddition,thecostfordisposal

ofseaweedwastewillmarkedly increaseafter2012because

dumpingwasteintotheseawillbecomeprohibitedinKorea

according to the London Convention [8]. Due to this

circumstance,there is an urgentneed to find ecologically

acceptablemeansforthereutilizationofseaweedwaste.

Comparedwithterrestrialplants,seaweedspossessahigh

water content of approximately 70-90%,a relatively high

protein contentofapproximately 10%,and varying levelsof

carbohydrates[I9].Thecarbohydratecontentofredseaweedis

30-60%,consisting mostly of agar and carrageenan [10].

Compared to other seaweeds,red seaweed contains more

carbohydrates,whichcouldbeadvantageousforitsuseasa

resourceforbioethanolproduction[11].Agariscomposedof

agarose (70%)and agaropectin (30%).Agarose is a linear

polysaccharidecomposedofalternatingresiduesof3-O-linkedβ

-D-galactopyranose and 4-O-linked 3,6-anhydro-α

-L-galactopyranose, and carrageenan is a linear sulfated

galactopyranosepolysaccharidecomposedofalternatingresidues

of 3-O-linked β-D-galactopyranose and 4-O-linked

3,6-anhydro-α-D-galactopyranose [12]. This complicated
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molecularstructuremustbehydrolyzedtoobtainfermentable

sugarsforethanolproduction(Fig.1).From aneconomicpoint

ofview,acidhydrolysisisconsideredtobeapromisingmeans

of saccharification that is less expensive than enzymatic

hydrolysis[11,13].However,acidhydrolysisproducesnon-sugar

by-products that can inhibit ethanol-producing yeast and

bacteria[14-16].Furthermore,acidhydrolysisposesaproblem

totherecoveryofthereagentsandresultingsaccharides[17].

For this reason, enzymes that degrade marine algal

polysaccharideshavealsobeenactivelystudiedusingvarious

types oforganisms forthe pastdecade [18-20].Currently,

severalagarases(mostly β-agarases)havebeenisolatedfrom

severalbacterialgenera,includingCytophaga[21],Pseudomonas

[22],Pseudoalteromonas[23],Streptomyces[24],Alteromonas

[25,26],Vibrio[27],Microscilla[28],Microbulbifer[29],Zobella

[30], and Acinetobacter [31]. Carrageenan-degrading

microorganismsareknowntohavehydrolyticenzymesthatare

specific to the different types of carrageenan:

kappa-carrageenaseisolatedfrom Cytophagadrobachiensis[32]

andPseudoalteromonascarrageenovora[33],iota-carrageenase

isolated from Pseudoalteromonas carrageenovora [34] and

Alteromonasfortis[35],andlambda-carrageenaseisolatedfrom

Pseudoalteromonas carrageenaovora [36] and
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PseudoalteromonasCL19[37].

Thesaccharificationofseaweedisanessentialoperation

forethanolproductionandhasbeenwidelystudiedinrecent

years [38].The advantages ofusing purified enzymes over

intactbacteria are their higher possible levels ofcatalytic

activity and theavoidanceofundesirableside-reactionsand

bacterialreproduction[39].However,purificationofaspecific

enzymeislikelytobeexpensive,andthepurifiedenzymemay

bemoresensitivetoinactivationthantheenzymewithinan

intact bacterium. In addition, the pretreatment of algal

polysaccharidesisrequired forefficientsaccharification when

usingpurifiedenzyme,whichisreportedtobeexpensivewhen

appliedtolargequantitiesofbiomass[40].Thus,theisolation

ofpotentiallyusefulmicroorganismsandusingthem effectively

to degrade seaweed waste is indispensable.Currently,few

studies have characterized bacteria for the reutilization of

seaweedwastes.Thisstudy,therefore,attemptedtoisolatea

novelbacterium capableofdegradingagarandcarrageenanand

tocharacterizeitspotentialapplication in thereutilization of

red-seaweedwaste.
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Fig.1.Schematic representation of agar and carrageenan

hydrolyticpathways.
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II.II.II.II.II.II.II.II.MATERIALSMATERIALSMATERIALSMATERIALSMATERIALSMATERIALSMATERIALSANDANDANDANDANDANDANDMETHODSMETHODSMETHODSMETHODSMETHODSMETHODSMETHODSMATERIALSANDMETHODS

1.Isolation of potential red-seaweed-waste-degrading

microorganisms

Bacteriawithpotentialapplicationsinthedegradationof

themainpolysaccharidescontainedinredseaweed,agarand

carrageenan,were isolated from marsh, silt and sandbar

locations in a coastalarea nearBusan (Korea),where red

seaweedoftendriftandpileup.Onegram ofeachsamplewas

addedtoasterile250-mLflaskthatcontained(perL):15gof

Porphyrapowderasasolecarbonsourceinseawater(pH 7.4)

or10gofPorphyrapowderand1gofNH4Clintapwater

(pH 6.8).Eachflaskwasincubatedat37℃ and180rpm for2

weeks.After2weeks,10mL ofeachsuspendedliquidwas

transferred to fresh liquid medium and incubated underthe

sameconditions.Subsequently,cellsineachflaskwerespread

withaplatinum loopontothesamemediasolidifiedwith1.5%

nutrientagar.A purified isolate was obtained by repeated

streaking onto fresh agar plates. Each pure strain was

maintainedon1.5% nutrientagarplatesat4℃ untiluseand

transferredtoafreshagarplateeverytwoweeks.
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2.Testsfordegradationabilitiesofisolates

Toscreenthestrains,isolatedbacteriawerespreadfirst

onPorphyrapowderagar,whichcontained10g/LofPorphyra

powder,1g/LofNH4Cl,0.05g/Lofbromocresolpurple,and15

g/L agar(pH 6.8).Porphyrapowderwaspurchased from a

localmarketandgroundusingaporcelainmortarandpestle.

The final samples were sieved to achieve particle size

homogeneity using a100-mesh sieve.Theagarplateswere

incubatedat37℃,andonlyyellow colonieswerechosenafter

2days.Eachprimarilyscreenedcolonywasthentransferredto

a 10-mL tube containing Porphyra powder medium and

incubatedunderthesamecultureconditions.Tenmicrolitersof

each 3-day old culture broth was spotted onto Porphyra

powderagarplatesandincubatedfor4days.After4daysof

incubation,10mL ofLugol’ssolution (10g/L ofpotassium

iodideand1g/Lofiodine)waspouredontotheagarmediafor

staining,according tothemethod ofSaraswathietal.[41].

After5min,thesizesoftheclearzonesformedaroundthe

coloniesweremeasured.Forthestrain showing thelargest

clearzone,thedegradationabilitywastestedfurther,bothon

solidagarmedium (10g/Lofagar,2g/LofNaNO3,0.5g/Lof

K2HPO4,0.5g/LofMgSO4․7H2O,0.5g/LofKCl,0.1g/Lof
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CaCl2․2H2O,0.02 g/L of FeSO4․7H2O,0.5 g/L of yeast

extract,and tap water,pH 6.8)and on solid carrageenan

(mostly κ-carrageenan)medium (10g/Lofcarrageenan,1g/L

ofNH4Cl,0.3g/LofK2HPO4,0.1g/LofKH2PO4,0.4g/L of

yeastextract,andtapwater,pH 6.8)usingthesamemethod.

Thesizesoftheclearzonesweremeasuredafter2,4and6

daysofincubation.Agarandcarrageenanwerepurchasedfrom

theSigma-AldrichCompany(St.Louis,MO,USA).

3.Identificationoftheisolate

Thestrainwiththehighestpotentialutilitywasselected

by meansofatestofitsdegradation abilities,and itwas

identifiedprimarilyonthebasisofcolonymorphology,Gram

reactionofabacterialsmear,andmicroscopicexamination.

Specificidentificationoftheisolatewascarriedoutusing

16S rDNA sequenceanalysis.DNA wasextracted using an

AccuPrep® Genomic DNA extraction kit (Bioneer, Korea)

accordingtothemanufacturer'sinstructions.PCR amplification

of the DNA using the 158F

(5'-CCAGCAGCCGCGGTAATACG-3') and 800R

(5'-TACCAGGGTATCTAATCC-3’) were performed with a
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PCR thermalcycler(DICE modelTP600,Takara,Japan).The

reaction mixturecontained primers(10pmoles/㎕),2.5mM

dNTPs,10x reaction buffer,2.5U Taq polymerase(Takara,

Japan),1㎍ DNA templateandsterilizedwatertoachievea

finalvolumeof50㎕.PCRwasperformedunderthefollowing

conditions:initialdenaturationat95℃ for5min;30cyclesof

95℃ for30s,55℃ for30s,and72℃ for30s;andafinal

extension step at 72 ℃ for 10 min.Five microliters of

amplificationproductswasseparatedbyelectrophoresisona1%

agarosegelin0.5% TAE bufferat100V for10min.Gels

werestained with ethidium bromideand photographed under

UVlight.Gelimageswererecordedusingadigitalcamera.

Agarose pieces containing amplified DNA were excised

from thegel,andtheDNA wasrecoveredusingtheAccuPrep®

SV Geland PCR Clean–up System (Promega,USA).The

purifiedproductswereligatedintothepGEM T-easy vector

(Invitrogen)and then transformed into E.coliDH5α MCR

CompetentCellsaccording to themanufacturer'sinstructions

(Promega).Colonieswereblue/whitescreenedonLBagarwith

ampicillin (Sigma), X-gal (Promega) and isopropyl-β

-D-thiogalactopyranoside (IPTG) (Promega). White colonies

wererandomlychosen,cultivatedandstoredinfreezingmedium

(5g/L ofyeastextract,10g/L ofNaCl,10g/L ofBacto
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tryptone,and0.1g/L ofampicillin)at-80℃.PlasmidDNA

was extracted using the AccuPrep® Plasmid Extraction Kit

(Bioneer,Korea)andsequencingwasperformedbyMacrogen,

Ltd.(Seoul,Korea).The5'- and 3'-endsoftheconstructs

weresequencedusingM13primersflankingthecloningsites.

These sequences were compared with entries in GenBank

(NationalCenterforBiotechnologyInformation,RockvillePike,

Bethesda, MD) using the Advanced Basic-Local-

Alignment-Search-Tool(BLAST)similaritysearchoption[42]

accessible from the homepage at the NationalCenter for

Biotechnology Information (http://www.ncbi.nlm.nih.gov/).The

BioEditSequenceAlignmentEditorversion5.0.9[43]wasused

tocheckalignmentandremoveallpositionswithgapsbefore

calculating distancesusing theDNAdistprogram in PHYLIP

(version 3.5c; distributed by J.Felsenstein,University of

Washington,Seattle).

4.Characteristicsofdegradationbytheisolate

To ascertain the optimalpH and temperature forthe

degradation ofagar and carrageenan by the isolate,each

experimentwasexecutedina100mL flask(50mL working
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volume).Inashaking incubatorat150rpm,eachflaskwas

incubatedinparallelatvariouspHs(5.5,6.5,7.5,and8.5),and

theexperimentwasrepeatedatdifferenttemperatures(25,30,

37,and 45 ℃).Forthe agardegradation experiments,the

isolate was cultivated in culture medium containing the

following:1g/Lofagar,2g/LofNaNO3,0.5g/LofK2HPO4,

0.5g/LofMgSO4․7H2O,0.5g/LofKCl,0.1g/LofCaCl2․

2H2O,0.02g/LofFeSO4․7H2O,0.5g/Lofyeastextract,and

tap water. The culture medium for the carrageenan

biodegradationexperimentscontained:1g/L ofcarrageenan,1

g/LofNH4Cl,0.3g/LofK2HPO4,0.1g/LofKH2PO4,0.4g/L

ofyeastextract,andtapwater.ThepH oftheculturemedia

wasadjustedto7.5beforeautoclaving,andtheculturemedia

weresterilizedat121℃ for15min.Duringtheexperiment,

samplesweretakenperiodicallyfrom theflaskstomeasurepH,

opticaldensity (OD)ofcellsandtheconcentrationsoftotal

reducingsugars.Thecharacteristicofdegradationbytheisolate

wasinvestigatedusingthesameagarandcarrageenanculture

mediaundertheoptimalconditions.

5.Analyticalmethods
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CellgrowthoftheisolatewasmeasuredusingaVIS/UV

spectrophotometerat400nm.Thecharacterizationoftheisolate’s

degradation ability onPorphyrapowder,agarorcarrageenan

was deduced from the quantities oftotalreducing sugars

produced.Thetotalreducingsugarswerequantifiedusingthe

3,5-dinitrosalicylicacid (DNS)method [44].TheDNS regent

waspreparedbymixing5.3gof3,5-dinitrosalicyclicacidand

9.9gNaOH into708mLofdistilledwater(DW)inastirred

beaker.Subsequently,153gofRochellesalts(potassium sodium

tartrate),4.05gofphenoland4.15gofsodium sulfitewere

added.To create the standard curve,2 mL of different

concentrationsofglucosewereadded to8mL oftheDNS

reagent,mixedwellandthenheatedinboilingwaterfor5min.

The samples were cooled to room temperature and their

absorbances at550 nm were determined using a VIS/UV

spectrophotometer.A blanksolutionconsistingof2mlDW and

8 mlDNS regentwas used to zero the spectrophotometer

before analysis.The concentrations of reducing sugars in

subsequentwithdrawn culture broth samples were obtained

usingtheglucosestandardcurve.



13

III.III.III.III.III.III.III.III.RESULTSRESULTSRESULTSRESULTSRESULTSRESULTSRESULTSANDANDANDANDANDANDANDDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONRESULTSANDDISCUSSION

1.Screening ofpotentialred-seaweed-waste-degrading

bacteria

By repeated streaking on agar plates containing

bromocresolpurple,sixstrainswerepurified.Thesixisolates

weregiventhenamesSYR1toSYR6.Amongthesestrains,

onlytheSYR4straindemonstrateddegradationabilitiesforall

ofthePorphyrapowder,agarandcarrageenan mediatested

(Fig.2).Inthestudy by Yanagisawaetal.[45],Meicelase,

whichconsistedofamixtureofhydrolyzingenzymes,showed

diverseactivitiesondifferenttypesofglucans.Theyreported

thattherateand thepattern ofbiodegradation ofthealgal

polysaccharidesstronglydependeduponthestructure;however,

thereasonforthisdependencehasnotyetbeenclarified.In

thisstudy,theisolateSYR4,asasinglestrain,demonstrated

its ability to degradeagarand carrageenan.Although there

havebeen many reportson agar- orcarrageenan-degrading

bacteria,few bacteriadegradeboth:Erasmusetal.[11]reported

afew entericbacteriafrom thedigestivesystem ofHalioteis

midae capable of degrading both agar and carrageenan.
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Ziayoddin etal.[46]also reported thatthe agar-degrading

bacterium PseudomonasaeruginosaZSL-2hadtheability to

degradecarrageenan.

Forethanolproductionfrom red-seaweedpolysaccharides,

reducing sugars mustbe obtained by microbialdegradation.

Hence,thedegradationabilityoftheSYR4strainwasexamined

ondifferenttypesofred-seaweedpolysaccharides.Asshownin

Table1,substantialradiiofclearzonesof0.83,0.87,and1.18

cm,excludingcolonyradii,wereobservedonPorphyrapowder,

agarandcarrageenan,respectively,after4daysofincubation

andradiiofclearzonesof1.5,1.38and1.53cm,respectively,

wereobservedafter6daysofincubation,withtheclearzones

enlarging asincubationtimeincreased.Thus,thedegradation

ability of the SYR4 strain appeared to be higher for

carrageenan.ThisresultindicatesthattheSYR4strainwould

beagoodcandidatetoreutilizered-seaweedwasteinwhich

agarand carrageenan are presentat50-70% [9].Forthis

reason,theSYR4strain wasidentified and characterized in

laterexperiments.
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Fig.2.Clear zones formed by the isolate on Porphyra

powder(A),agar(B),and carrageenan (C)solid

media.
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Table1.SizesofclearzonesformedonPorphyrapowder,agar

andcarrageenansolidmediaa

Solidmedium
Incubationtime

(day)

Radiusofclearzone

(cm)

Radiusofcolony

(cm)

Porphyrapowder

0 0 0

2 1.20±0.01 0.50±0.01

4 1.43±0.12 0.60±0.02

6 2.20±0.01 0.70±0.02

Agar

0 0 0

2 0.95±0.13 0.30±0.01

4 1.22±0.04 0.35±0.01

6 1.73±0.13 0.35±0.02

Carrageenan

0 0 0

2 1.10±0.10 0.35±0.01

4 1.58±0.07 0.40±0.01

6 1.93±0.03 0.40±0.02

aEachculturemedium wasadjustedtopH 6.8andincubatedat37℃.

Valuesrepresentmean±S.D.ofthreereplicates.
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2.Identificationoftheisolate

Basedonmicroscopicobservation,theisolateSYR4was

verymotileinthevegetativestateandpossessedGram-positive

rodsmeasuring0.5-1.2µm inwidthand2-4µm inlength,and

formed endospores.The colors of the colonies formed on

Porphyrapowder,agarand carrageenan media wereorange,

pinkandwhite,respectively.Thespecies-specificidentification

of the isolate was performed using 16S rDNA sequence

analysis.The1,560bp-sizedfragmentofthe16SrDNAgeneof

theisolatewasamplifiedandsequenced.Sequenceanalysisof

the 16S rDNA gene and BLAST sequence comparison

confirmedthattheisolatewasBacillusalcalophilus(GenBank

AccessionNo.:EU231621.1)withasimilarityof97%.Because

this strain demonstrated distinctdegradation ability forboth

agarandcarrageenan,wehaveappliedforaKorean patent

(No.:10-2012-0024992) after depositing it into the Korean

AgriculturalCultureCollection(KACC)asKACC91705P.Among

Bacillusspecies,onlytwostrainshavebeenreportedtohave

agar-degradingability:B.cereusasamarinebacterium [47]

andB.agarexedensasanon-marinebacterium isolatedfrom

soil[48].
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3. Characteristics of the isolate for reutilization of

red-seaweedwaste

TofindtheoptimalpHandtemperatureforcellgrowthof

the isolate and for its production ofreducing sugars,an

experimentwasexecutedin100-mLflasks.Thehighestoptical

densityofcells(1.50)andproductionofreducingsugars(0.22

g/L)wereobtainedfrom theisolate’scultivationon1g/L of

agar atpH 7.5 (Fig.3A).Maximalvalues obtained from

cultivationoncarrageenanwerealsoachievedatpH 7.5,witha

celldensityof1.12andaconcentrationofreducingsugarsof

0.25g/L (Fig.3B).Theisolateshowedbettercellgrowthon

agar,butitproducedahigherconcentrationofreducingsugars

oncarrageenan.AsshowninFig.4,thehighestcelldensities

andreducingsugarconcentrationswereachievedat30°C,1.49

and0.22g/Lonagar,and1.13and0.25g/Loncarrageenan,

respectively.

Under the optimal conditions, the degradation

characteristicsoftheisolatewereexaminedduringgrowthin

100-mL flasks using agar or carrageenan as sole carbon

sources.A timecourseforthedegradation ofagarby the

isolaterevealedthatcellgrowthwasaccompaniedbyaslight

drop in thepH (Fig.5).Celldensity reached itsmaximum
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(1.53)after12hofcultivationandthendecreasedslowly.The

maximum concentration (0.22 g/L)ofreducing sugars was

achievedat24h,togetherwithcellularmotility.Theproduction

persisted after48 h,although thecellmasswasdecreased

slightlyatthattime.Thesametrendwasfoundincultivation

using carrageenan as the carbon source (Fig.6).The cell

densityreacheditsmaximum (1.11)after12h,withaslight

dropinpH.Thetotalreducingsugarswereproducedgradually,

andtheirmaximum concentration(0.25g/L)wasachievedafter

24h.Inthisstudy,thecellsreachedstationaryphasewithin12

h,althoughcellularmotilitywashigh.Intheseexperiments,1

g/Lofagarorcarrageenanwasusedasasolecarbonsource.

Whenahigherconcentrationofagarorcarrageenanwasused,

the celldensity significantly decreased with a concomitant

decreaseincellularmotilityduetothehighviscosityofthe

culture medium (data not shown). Therefore, fed-batch

operationwouldbeappropriatefortheefficientproductionof

fermentablesugars[49].Theyieldsofreducing sugarfrom

agar and carrageenan were estimated to be 22 and 25%,

respectively.

Thereducing sugarsproducedmaybeutilizedinmany

fields because red seaweeds have been reported to contain

biologicallyactivesubstancesthatcanbeusedasanticoagulant,
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antithrombotic,anti-inflammatory,anti-tumor,contraceptive,and

anti-viralagents[2,50].Recently,thisusagewasextendedto

alternativeenergy becauseredseaweedshavegreatpotential

foruseasafeedstockforfuturebioethanolproduction[9,51].

Duetolimitednaturalresources,bioethanolisbeingconsidered

asapotentialliquidfuel[52],anditsproductionfrom seaweed

is promising and ecofriendly. Recently, the red algae

Kappaphycusalvarezii[53,54],EucheumaandHypnea[55]have

beenreportedassourcesofbioethanol.Inthepresentstudy,the

strainSYR4produced0.22g/Lofreducingsugarsfrom 1gL-1

ofagarand0.25gL-1 ofreducingsugarsfrom 1gL-1 of

carrageenan.Inpreviousstudies[56],theconversionratesof

reducingsugarstoethanolbyfermentationwerereportedtobe

intherangeof30-40%.Accordingtothisreport,7-10wt% of

ethanolcanbeproducedbytheisolatefrom thered-seaweed

polysaccharides.Thisethanolyield isalmostthreefold lower

compared with those (23.5-29 wt%)obtained via various

meansofpretreatmentpriortofermentation,includingenzyme

[57], alkaline [58] or high-temperature acid pretreatments

[59,60].However,thedirectapplicationofamicroorganism itself

precludes the cost incurred for enzymatic or chemical

saccharificationofthepolysaccharides,whichwillresultina

considerablereduction totheproductcost[40].Asaresult,
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biodegradationusinganovelbacterium,B.alcalophilus,seems

tobecost-effectiveforrecyclingred-seaweedwaste.Forbetter

degradation,fed-batchfermentationwouldberequiredandis

expected to yield higher productivity.Further study may

providetheanswertotheimpendingproblem concerning the

prohibitionofdumpingseaweedwasteintothesea.
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Fig.3.Cellgrowthandtheproductionofreducingsugars

onagar(A)andcarrageenan(B)bytheisolateat

variouspHs.Errorbars:mean±S.D.ofthreereplicates.
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Fig.4.Cellgrowthandtheproductionofreducingsugars

onagar(A)andcarrageenan(B)bytheisolateat

varioustemperatures.Errorbars:mean±S.D.ofthree

replicates.
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Fig.5.DegradationofagarbytheisolateunderoptimalpH

and temperature. Error bars: mean±S.D. of three

replicates.
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IV.IV.IV.IV.IV.IV.IV.IV.CONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONSCONCLUSIONS

A B.alcalophilusstrainwasnewlyisolatedfrom amarsh

andcharacterizedforreutilizationofred-seaweedwaste.The

isolate showed high degradative abilities forboth agarand

carrageenan.The yields ofreducing sugars from agarand

carrageenan were 22 and 25%, respectively. Ecofriendly

treatmentofred-seaweedbythisisolateisfeasible,andthe

reducing sugarsproduced would bea valuableresourcefor

bioethanolproduction.Thus,thismaybeagoodmethodtoturn

wasteintovaluableresourceswithlow energyconsumption.To

achievehigherproductivity,fed-batch fermentation should be

investigated.
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부경대학교의 생물공학과에 입학해서 환경생물공학 실험실이

라는 곳을 알게 되고,대학원을 진학한지 엊그제 같은데 벌써 졸

업을 앞두고 있는 저에게는 많은 추억과 기억들,그리고 그 속에

서 따뜻하게 자리 잡고 있는 감사함이 떠오릅니다.비록 남들보다

뛰어나지 않은 저의 내면에 들어있는 잠재성을 믿고 세상으로 한

걸음씩 나아갈 수 있게 격려해주시고 도와주신 김중균 교수님께

부끄러워 감추고 있었던 감사함의 속마음을 이 글로써 전해드리고

자 합니다.때로는 잘못된 길로 가는 딸을 꾸짖는 아버지처럼,인

생의 길을 먼저 걸어오신 선배로써 저의 눈물을 쏙 빼놓기도 하셨

지만,그것은 다 저를 위한 것이란 것을 항상 뒤늦게 알아버리는

저라서 죄송스러운 마음 또한 교차합니다.그리고 전공에 대한 전

문지식을 하나씩 알아가면서 제가 많은 배움을 얻을 수 있도록 해

주신 홍용기 교수님,공인수 교수님,이형호 교수님,김성구 교수

님,박남규 교수님께도 깊이 감사함을 전합니다.

오랜 시간 동안,옆에서 실험에 대한 지식과 더불어 많이 챙

겨주고 다독여주면서 마음의 힘을 많이 준 은정 언니!많은 시간

을 함께 하면서 힘이 들 때,가까이 있는 언니에게 투정도 부리고

마음 상하는 일도 많이 만들어 오히려 힘이 되어주지 못한 것 같

아 함께 하면서 미안함이 가장 많이 드는 언니에게도 진심으로 감

사함을 전합니다.우리 방의 일명 왕언니,경환선배님!고민이 있
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을 때나 힘들 때,제 편에 서서 항상 이해하고 응원해주고 친 여

동생 일처럼 먼저 나서줄 뿐만 아니라,저의 투덜대는 투정도 다

받아준 속마음은 착한 우리 청일점 선배!어쩌면 선배가 있었기에

더 힘이 나지 않았나 싶습니다!때로는 티격태격하면서 지내기도

했지만,그것마저도 돌이켜보면 좋은 추억으로 남아진답니다.잠시

실험실 곁을 떠나있는 손재주가 좋은 장호 선배와 실험실 동료로

써 잠시 머물면서 많이 도와준 수재!마지막은 함께 하지 못했지

만,함께 있을 때 듬직하게 도와주고 저에게 웃음과 조언을 많이

해준 분들에게 고마움을 표합니다.또 실험실에 빠질 수 없는 우

리 꼬꼬마 친구들!희진이,성은이,신혜양,그리고 이제 열심히 달

려나갈 다솜이와 현이에게 실험실 장으로써 제대로 행동도 못하

고,잘 이끌어 주지 못한 것 같아 오히려 저를 더 챙겨주고 힘내

라고 토닥거려주는 따뜻한 응원과 마음에 더 많이 미안하고 고마

웠습니다.표현이 서툴러서 그 마음을 보여주지는 못했지만 이제

라도 말할 수 있어서 다행입니다.“너희들이 있었기에 나의 어깨가

든든했단다!얘들아!”또 빠질 수 없는 우리 실험실과 후배들을 챙

겨주시고 아껴주시는 수경이 언니와 학기 초에 박사로 들어오신

경숙이 언니!비록 서로 알아간 시간은 얼마 안 되었지만,진심어

린 걱정과 관심으로 저의 속사정을 따뜻하게 들어주시고 상담도

해주시면서 여러모로 힘이 되어준 언니.언니에게도 힘찬 응원과

감사함을 전하고 싶습니다.

고민과 걱정이 있을 때,화가 날 때,기쁜 일이 있을 때 부족

한 친구인 저의 곁에서 항상 함께 정을 나눈 친구들!평생 같이할
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우정 친구!사총사...유빈이와 채원이,혜진이,소영이,이제 새색

시가 된 소현이,힘이 많이 되어준 민지,나현이,혜빈이 그리고

든든한 우리 수정이에게도 고마움을 전합니다.

마지막으로 세상에서 가장 사랑하는 우리 가족...잘해드린

것 없이 짜증만내는 딸 뒤에서 항상 묵묵히 응원하고 격려해주는

우리 아빠,엄마,그리고 가끔 누나를 응원하는 문자를 보내 감동

을 주는 멋진 동생!힘이 들고 지칠 때,쉬어갈 따뜻한 집이 있고

말없이 안아주는 가족의 품이 있다는 것에 큰 감사함을 느끼며 여

기까지 제가 버틸 수 있었던 것은 가족의 사랑과 힘 때문일 것입

니다.가끔 못난 딸로써,누나로써,제자로써,동료로써,그리고 친

구로써 힘든 과정 속에서 혼자라고 생각이 들 때 나를 응원하고

있는 사람들이 엄청 많다는 것을 이 글을 쓰면서 다시 한 번 알게

되는 행복한 시간이었습니다.

비록 크고 많은 결실을 맺지 못했지만 여기까지 포기하지 않

고 울기도 많이 울면서 달려온 저 자신에게도 감사하다는 인사로

이 글을 마무리 짓습니다.
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