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노닐페놀 분해 미생물 컨소시엄에서 분리된 세균의 노닐페놀 분해

특성

유 대 웅

부경대학교 대학원 식품공학과

요 약

 최근,환경 중으로 방출되는 난분해성의 생체 유해물질들이 사회적인

문제로 대두되고 있다.특히,난분해성이며 미량으로도 수생생물의 내분

비계 교란물질로 작용하는 nonylphenol(NP)는 하천폐수나 토양에서 광

범위하게 발견된다.NP은 내분비계 장애물질로 지난 50년 이상 동안 산

업체와 가정에서 비이온 계면활성제와 세정제로써 전 세계적으로 이용된

alkylphenolpolyethoxylates의 분해산물이다.산업폐수나 도시하수처리공

정에서 연안이나 혹은 도시하천으로 직접 유입되며,자연환경 중에서 분

해가 잘 되지 않는 난분해성 물질로 소수성 화합물의 특징으로 인해 수

중에서 쉽게 분해되지 않아 환경오염을 가중시키고,특히 수중생물들에

대한 내분비계 교란물질로서 작용하고 있다.

독성유기화합물에 대한 친환경적인 분해에 대한 필요성 증가에 따라,

수생환경으로부터 NP분해 미생물을 분리 하기위해 실시하였다.NP분

해 미생물은 NP가 함유된 증균 배지를 이용하여 분리하였으며,일련의

연구과정에 최종적으로 높은 NP 분해능이 있는 미생물 컨소시엄

SW-03이 분리 되었다.SW-03는 25℃에서 40일 이내에 100ppm의 NP

를 99% 이상 분해하는 것으로 조사 되었다.또한,NP분해 단일 세균을

분리하기 위하여 컨소시엄 균주인 SW-03으로부터 NP분해능이 뛰어

난 단일균주를 분리하였다.분리한 단일 균주(SW-03-A,-B,-C,-D,
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-E,-F1,-F2,-G,-H,-I)의 형태학적 특성을 분석하기 위하여 그람 염

색을 실시하였다.

NP의 분해능을 동력학적으로 분석(kineticanalysis)한 결과,대부분의

단일 균주들이 SW-03보다 높은 NP 분해능을 나타내었으며 이 중

SW-03-F1,-F2,-G,-I의 단일 균주의 분해력이 컨소시엄 균주인

SW-03및 다른 균들과 비교해 월등히 높았으며 이 중 병원성 균으로

동정된 F2를 제외한 나머지 F1,G,및 I세 균주 조합에 따른 NP분해

도 측정 하였다.

분해활성이 높은 4가지 균주는 전자 현미경 사진(SEM)을 찍어 추가

적인 형태학적 특성을 파악하였고 16SrDNA 염기서열 분석을 이용하여

균 동정을 실시하였다.본 연구에서 얻어진 결과들은 추후,NP의 환경

친화적인 분해 기술개발에 유용하게 사용될 것으로 기대된다.
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Introduction

Nonylphenol(NP)isaubiquitouspollutant,whichmainlyresults

from thebiodegradationofwidelyusedNPpolyethoxylatesurfactants

(Corvinietal.,2004).The NP polyethoxylate is known to be

degradedslowlythroughtheaerobicandanaerobicdegradationtoNP

in thesewagedisposalplantorwaterenvironment.(Gigeretal.,

1984;Aheletal.,1994; FriesandPuttmam,2003;Azevedoetal.,

2001).NP isconsideredtobeanendocrinedisruptorduetoweak

abilitytomimicestrogenandinturndisruptthenaturalbalanceof

hormonesinaffectedorganisms(Table1;Dayueetal.,1999).NP is 

subsequently discharged into stream orcoastfrom industrialwaste

waterorsewagedisposalprocess and its potential aquatic risks have 

been extensively studied onaquaticorganism asendocrinedisruptor

(Fairchildetal.,1999;YadetieandMale,2002;Karelsetal.,2003;

Hernadez-Raquet et al.,2007).However,up to date,only less

information isonly avaliableon thelocaldistribution ofNP over

worldwide (Björn Wellenius etal.,1994).In Korea,ithas been

reportedthatNPwasdetectedintherangeof 113to3890ngperg

dryweightattheMasanBay,Gyeongnam (Khim etal.,1999), 6.0

to119.1μgperkgatthesedimentscollected11differentriversover

thecountry(Choetal.,2004),and3.6μgperLintheSihwahoBay,

Gyeongido(Lietal.,2004).ThesereportedrevealedthatNP was
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extensivelydistributedintotheaquaticenvironment.Inparticular,it

needsnotonlyaninvestigationintothedistributionofNPbutalsoa

technologythatdegradesNPenvironmentally,becauseofthetraceof

NP in the aquatic environmentacts to aquatic organisms as an

endocrinedisruptor.

A biologicaldecompositionmethodusingmicroorganism,whichis

called bioremediation,, has often considered an environmentally

favorable method to restore the environment contaminated with

harmfulnon-resolvability chemicals(Kim etal.,1997;Kim etal.,

2004;Leeetal.,2009).Thebioremediation decomposesultimately

organic toxic substances into water and carbon dioxide as

mineralizationrecognized(Rippetal.,2000;Kim etal.,2007;Kang

andKim,2007;Leeetal.,2009;Leeetal.,2009).Thereareseveral

reportsrelatedwiththebioremediationofNPandmoststudiesare

onsoilenvironmentnotaquaticenvironment(Tangheetal.,1999;

Fujiietal,2000;Fujiietal.,2001;Corvinietal.,2004;Junghannset

al.,2005;ShiandBending,2007).Thus,todate,therehavebeenno

unambiguous reports aboutthe bioremediation ofNP in aquatic

envrionment.Therefore,this study was conducted to isolate a

NP-degradingmicroorganism inaquaticenvironmentandtoperform

thekineticanalysisofNPdegradationbybacterialstrainsisolatedin

thecurrentstudy.
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Table1.PhysicochemicalpropertiesofNP

Chemicalstructure

IUPACname 4-(2,4-dimethylheptan-3-yl)phenol

Molecularformula C15H24O

Molecularweight 220.35g/mol

Appearance Whitecrystals

Density 0.953

pKa(estimated) 10.28

Vapourpressure 0.3Pa(25℃)

Solubilityinwater 6mg/L(pH7)

Partitioncoefficient 4.48

Meltingpoint –8∼ 2°C

Boilingpoint 293∼ 297°C

Hazards low levelendrocrinedisruptor
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MaterialsandMethods

1.Chemicals

NP (Assay >85%)werepurchasedfrom Flukacompany (Fluka;

St.Louis,MO)andotherreagentsusedintheanalysiswereanalytical

gradeandpurchasedfrom commercialsource.

2.Medium forstraincultureandisolation

YNB (YeastNitrogenBasewithoutAminoAcids;Difco,Franklin

Lakes,NJ)medium containing 100ppm NP wasusedasabasial

medium forisolationofNP-degradingbacteriaasdescribedbyFujii

etal.(2000,2001)andCorvinietal.(2004).YNBmedium containing

100ppm NPwasusedforenrichmentcultureandYNB agarplate

containing100ppm NPwasusedforisolationofNP-degradingsingle

bacterium strain.LB(Luria-Bertanimedia;Difco,FranklinLakes,NJ)

brothwasusedformeasuringisolatedstrainofgrowth(Table2,3).
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Media Ingredient
Content

(perLiter)

YNB

(YeastNitrogen

Basewithout

AminoAcids)

NitrogenSource

Ammonium Sulfate 5.0 g

Vitamins

Biotin 2.0 μg

Calcium Pantothenate 400.0 μg

FolicAcid 2.0 μg

Inositol 2,000.0 μg

Niacin 400.0 μg

p-AminobenzoicAcid 200.0 μg

PyridoxineHydrochloride 400.0 μg

Riboflavin 200.0 μg

ThiamineHydrochloride 400.0 μg

CompoundsSupplyingTraceElements

BoricAcid 500.0 μg

CopperSulfate 40.0 μg

Potassium Iodide 100.0 μg

FerricChloride 200.0 μg

ManagameseSulfate 400.0 μg

Sodium Molybdate 200.0 μg

ZincSulfate 400.0 μg

Salts

Monopotassium Phosphate 1.0 g

Magnesium Sulfate 0.5 g

Sodium Chloride 0.1 g

Calcium Chloride 0.1 g

Table2.CompositionofYNBmedia
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Media Ingredient
Content

(perLiter)

LB

(Luria-Bertani

media)

Tryptonepeptone 10.0 g

Bacto-yeastextract 5.0 g

NaCl 5.0 g

Glucose 1.0 g

Table3.CompositionofLBmedia
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3.IsolationandcultureofNP-degradingbacteria

InordertoisolateNP-degradingbacteriafrom adegrading

microbialconsortium,theconsortium strain wascultivatedin

YNBmedium containing100ppm NPat25℃ undertheaerobic

condition.The100 μlsamplewastaken with intervaland then

spreadedontheYNB agarplatecontaining100ppm NP.Theagar

platewasincubatedat25℃ for7daysandsinglecolonygrown

ontheplatewascollectedforfurtherstudy.

4.IdentificationofNP-degradingbacteria

Isolated strains from NP-degrading microbialconsortium was

identifiedbymorphological,biochemicalandgeneticalcharacteristics.

A lightmicroscopy (Motic 300,Motic,Richmond,Canada)and a

scanningelectronmicroscope(SEM;HitachiS-2400scanningelectron

microscope; Hitachi Ltd., Tokyo, Japan) were used for the

morphologicalanalysis,VITEK Gram Negative Identification card

(GNI-) or VITEK Gram Positive Identification card (GNI+)

(Biomerieux Inc, Missouri,USA) was used for physiochemical

analysis.Also,theidentificationofeachsinglestrainwasdetermined

through16SrDNA sequences.G-spin
™
GenomicDNA ExtractionKit

(iNtRON,Korea)wasusedforchromosomalDNAextraction,27F
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(5'-GTTTGGATCCTGGCTCAG-3')and1492R

(5'-AAGGAGGGGATCCAGCC-3') primer (Takara, Shiga, Japan)

were used forPolymerase Chain Reaction (PCR)to amplify 16S

rDNA.PCR wasconductedasthefollowingconditions.Themixture,

which was added 2 μL of20 pmole each primer,25 ng DNA

template,0.5 μL Taq polymerase (2.5 U),5 μL of10X Taq

polymerasebuffer,1μLof10mM dNTP,and39μLofdH2O,was

denaturedfor2minat94℃.Afterdenaturation,PCR wascycled25

timesat94℃ for1min,at52℃ for1min,at72℃ for2min,

followedbyincubationat72℃ for5min.

TheamplifiedPCR productswassequencedbySolGent(Daejeon,

Korea). Homology search of sequence was conducted through

Ribosomaldatabase(http://www.ncbi.nim.nih.gov/BLAST/).

5.NPExtractionandHPLCanalysis

TheabilityofNP-biodegradationbysingleisolatedbacteriawas

determinedtoanalysistheremainingNPcontentinmedium usinga

highperformanceliquidchromatography(HPLC)(Fujiietal.,2000).

NPwasextractedforHPLCanalysisasfollowedamethod.Afterthe

cultivation,1mlofmedium wastakenintoatube,andthenadded

4mlofdeionizedwaterand15mlofacetonitrile.Themixturewas

mixedfor3minusingvortexmixertoextractaremainingNP.After

extraction,a sample ofupperlayerwas carefully taken,filtrated
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with 0.2 μm filter(DISMIC-25AS,ADVANTEC,Japan),and then

analyzedbyaHPLC(FlexarHPLCSystem,PerkinElmer,Waltham,

MA)equipedwithequippedwithShiseidoC18reverse-phasecolumn

(250mm×4.6mm, I.D.5μm; Shiseido Co., Tokyo, Japan). For the

detectionofNP,aelutionof75% acetonitrilewith25% ofwaterwas

usedataflow rateof1.0mlperminandeluteweremonitoredat

277nm.Amountofremaining NP wasindicatedasapercentage

valueofthereducedNPpeak.HPLCanalysisconditionsarelistedin

(Table4).
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a
BacteriawasculturedonYNBmedium agarplatecontaining100ppm NP.
bBacteriawasculturedonYNBmediacontaining100ppm NPandthe

remainingNPwasdeterminedbyHPLC.

Fig.1.ExperimentproceduresforisolationofNP-degradingbacteria.
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Table4.AnalysisconditionsofNPusingHPLC

HPLCAnalysisSystem

Product FlexarHPLCSystem

Manufacturer PerkinElmer(USA)

HPLCCondition

Column

CAPCELLPAKC18

Paticlesize:5μm

Size:4.6mmø×250mm

SHISEIDO(Japan)

Detection UV277nm

Flow rate 1.0mlpermin

Mobilephase
(A)Water

(B)Acetonitrile

Isocratic
(A)25% H2O

(B)75% CH3CN

Runningtime 15min
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6.KineticanalysisofNPdegradation

Degradationrateconstant(k1)andhalf-lifetimeofNPdegradation

(t1/2)by NP-degrading bacteria were calculated by the following

formula;

k1=-{(lnS/S0)/t}

t1/2=ln2/k1

S0,Initialsubstrateconcentration;

S,Substrateconcentration;

t,Time;

k1,Degradationratio

A significantdifferencewastestedbyANOVA method(Changet

al.,2007).
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ResultsandDiscussion

1.IsolationofNP-degradingbacteriafrom NP-degrading

consortium SW-03

NP-degrading single strains were isolated from NP-degrading

microbialconsortium SW-03 strain.The consortium strain was

culturedinYNBmedium containing100ppm NPandthen100ulof

culturewasspreadedonYNB agarplatecontaining100ppm NPto

obtainasinglecolonyutilizingNPasasinglecarbonsource.After

cultivationat25℃ for7days,coloniesgrownonYNB agarplate

containing 100 ppm NP were taken for further study. The

morphologyofeachcolonywasconfirmedbyGranstainingmethods

using a light microscope.Finally,ten colonies,which exhibited

different cell morphology, were obtained through single colony

isolation.ThestrainswerenamedasSW-03-A,-B,-C,-D,-E,-F1,

-F2, -G, -H, and -I, respectively. All strains isolated from

NP-degrading microbialconsortium SW-03wereGram (-)bacteria

exceptSW-03-F2(Fig.2).Thetencolonieswereculturedin1/10

foldsLB medium andstockedat-70℃ in25% glycerolsolutionfor

reservation.
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SW-03-A SW-03-B

SW-03-C SW-03-D

SW-03-E SW-03-F1

SW-03-F2 SW-03-G

SW-03-H SW-03-I

Fig.2.Lightmicroscopicimagesofstrainsisolatedfrom

NP-degradingmicrobialconsortium SW-03.
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2.NPdegradationandbacterialgrowthbyNP-degrading

bacteria

InordertoevaluatetheefficiencyofNP degradationactivityby

theisolatedbacteriafrom NP-degradingmicrobialconsortium SW-03

strain,theNPremainingratiowascalculatedbycomparingaHPLC

peakareaofNPremainedinmedium withthepeakareaofcontrol

(non-inoculated sample).The ratio was expressed as a percental

concentration.Also,thebacterialgrowthwasmeasuredtomonitora

changeofopticaldensityat600nm.

Afterinoculationof1% pre-culture,cellswereaerobicallycultivated

at25℃ andsamplesweretakenwith5daysofinterval.NP was

extractedandanalyzedasdescribedinMaterialsandMethods.

Thegrowth ofisolated bacteriawasobserved in YNB medium

containing 100 ppm NP,suggesting the isolates are capable of

degrading NP as a single carbon source (Fig.3-12).Thus,the

isolateswillbeaNP-degradingbacteria.Asprogressedthebacterial

growth,theNP concentrationgradually decreasedover40daysof

cultivation.After40dayofcultivation,noNPwasobservedinallof

isolates.However,there is differences ofNP-degrading patterns

betweentheisolatedbacteria.

IncaseofSW-03-A and-C strains,NPwasdegradedover85%

within10daysofincubationandcompletelydegradedaroundabout

40days(Fig.3and5).BythegrowthofSW-03-B,over85% ofNP
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wasdegradewithin15days(Fig.4).SW-03-D strainshowedthe

degradation activity ofover70% NP within 10days(Fig.6).In

SW-03-Estrain,NPwasdegradedover80% within15days(Fig.7).

SW-03-F1strainwascapableofdegradingover70% NP within5

daysand ofdegrading completely NP aboutat35days(Fig.8).

SW-03-F2strainalsodegradedover90% NP within15daysand

completelydegradedNPaboutat30days(Fig.9).SW-03-G strain

exhibitedthedegradationactivityofover85% NPwithin15daysand

andthentook35daysincubationforthecompleteNP degradation

(Fig.10).InSW-03-H strain,NPwasdegradedover75% within10

days and NP was notcompletely degraded over the incubation

periods(Fig.11).BythegrowthofSW-03-Istrain,over90% NP

wasdegraded within 15daysand NP wascompletely degraded

about35days(Fig.12).

IthaspreviouslybeenreportedthatSphingomonasxenophagaBayr

strain wascapableofdegrading over90% NP after2weeksof

incubation(Gabrieletal.,2005)andthatSphingomonassp.TTNP3

straindegradedover80% NPwithin2weeks(Corvinietal.,2004).

Also,Fujiietal.(2000)reportedthatamicrobialconsortium isolated

from aqueous environment exhibited a NP-degrading activity to

metabolizeabout70% NPafter45daysincubation.Consideringthese

results,some of isolated strains considered to harbor superior

NP-degradingactivitycomparedtotheotherNP-degradingbacteria.
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Fig.3.NonylphenoldegradationbythegrowthofSW-03-A strain.

 

Fig.4.NonylphenoldegradationbythegrowthofSW-03-Bstrain.
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Fig.5.NonylphenoldegradationbythegrowthofSW-03-Cstrain.

Fig.6.NonylphenoldegradationbythegrowthofSW-03-Dstrain.
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Fig.7.NonylphenoldegradationbythegrowthofSW-03-Estrain.

Fig.8.NonylphenoldegradationbythegrowthofSW-03-F1strain.
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Fig.9.NonylphenoldegradationbythegrowthofSW-03-F2strain.

 

Fig.10.NonylphenoldegradationbythegrowthofSW-03-Gstrain.
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Fig.11.NonylphenoldegradationbythegrowthofSW-03-H strain.

Fig.12.NonylphenoldegradationbythegrowthofSW-03-Istrain.
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3.KineticanalysisofNPdegradationbybacteriaisolated

from NP-degradingmicrobialconsortium SW-03

As shown in above results,the NP-degrading patterns were

different according to the isolates. In order to evaluate the

NP-degrading activity betweentheisolates,akineticanalysiswas

performedasdescribedinMaterialsandMethods.

As summarized in Table 5,most strains isolated from the

NP-degradingconsortium exhibitedthereducedNPdegradationrate

constant(k1)andhalf-lifetimeofNP degradation(t1/2).Thus,the

NP-degrading activity ofthe isolates was superiorthan thatof

NP-degradingmicrobialconsortium SW-03.Amongthem,SW-03-F1,

-F2,-G,and-IstrainswereshowedhigherNP-degradingactivity.

comparedtootherisolatesandtheconsortium strain.Thek1values

ofSW-03-F1,-F2,-G,and-Istrainsrangingfrom 0.340to0.456

wereabout6foldshigherthanthatoftheconsortium strain.The

half-lifetimeofNPdegradationbythefourstrainswasdramatically

decreasedintherangeof1.5to1.7days.Thet1/2timeswereabout

1/6foldslowerthan thatoftheconsortium strain.(Chang etal.

2007)alsopeformed akineticanalysisofNP degradation in soil.

Theyreportedthek1valueof0.054andt1/2valueof12.8underthe

conditionofpH 7.0at20℃.Theseresultssuggestedthattheisolates

willbeusefultodevelopastarterstrainforbiodegradationofNP.
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Table 5.Kinetic analysis of nonylphenoldegradation by bacteria

isolatedfrom nonylphenol-degradingconsortium SW-03

Strain k1(1/day) t1/2(day)
R(coefficient

ofcorrelation)

Control 0.011 61.8 0.99

SW-03 0.074 9.3 0.99

SW-03-A 0.092 7.5 0.99

SW-03-B 0.102 6.8 0.98

SW-03-C 0.100 6.9 0.99

SW-03-D 0.103 6.7 0.99

SW-03-E 0.159 4.4 0.99

SW-03-F1 0.340 1.7 0.99

SW-03-F2 0.456 1.5 0.99

SW-03-G 0.399 1.7 0.99

SW-03-H 0.054 12.8 0.99

SW-03-I 0.399 1.7 0.99
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4.Morphologicalanalysisofisolatesfrom NP-degrading

microbialconsortium SW-03usingSEM

Considering thekineticanalysisofNP degradation,fourstrains

(SW-03-F1,-F2,-G,and -I) exhibiting superior NP-degrading

activitywereselectedforfurtherstudy.Inordertoinvestigatecell

surfacestructureoftheisolates,morphologicalfeatureofSW-03-F1,

-F2,-G,and-IwasidentifiedbyaSEM analysis.AsshowninFig.

13,SW-03-F1,-GandIwereabacillusandSW-03-F3wasacocci.

Considering the results obtained from SEM profiles and Gram

staining,SW-03-F1,-GandIwereidentifiedtobe Gram (-)bacilli

andSW-03-F2wastobeaGram (+)cocci.
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SW-03-F1 SW-03-F2

SW-03-G SW-03-I

Fig.13.Scanningelectronmicroscope(SEM)resultofSW-03-F1,

-F2,-G,-I.



- 26 -

5.Biochemicalcharacteristics of bacteria isolated from

NP-degradingmicrobialconsortium SW-03

Inordertoverifythebiologicalcharacteristicsofbacteriaisolated

from NP-degrading microbialconsortium SW-03,itwas used a

VITEK Gram NegativeIdentificationcard(GNI-)orVITEK Gram

Positive Identification card (GNI+)(Biomerieux Inc,Durham,NC)

depend on the results of the Gram staining.The results of

biochemicalreactionwerelistedinTable6to9.

TheSW-03-F1andSW-03-Gstrainsexhibitedthesamebiological

characteristicsamong strainstested in thisstudy,suggesting that

twostrainswillbealliedspecies.Othersshoweddifferentfeaturesin

biologicalcharacteristics.
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Mnemonic Biochemicaltest(Substratename) Result

APPA α-phe-proarylamidase -

ADO Adonitol +

PyrA L-pyrrolydonyl-arylamidase +

IARL L-Arabitol +

dCEL D-Cellobiose +

BGAL β-galactopyranosidase -

H2S H2Sprodustion -

BNAG β-N-Acetylglucosaminidase -

AGLTp Glutamyl-arylamidasepNA -

dGLU D-glucose +

GGT γ-glutamyltransferase -

OFF Fermentativeglucose -

BGLU β-glucosidase -

dMAL D-maltose +

dMAN D-mannitol +

dMNE D-mannose +

BXYL β-xylosidase -

BAlap β-alaninearylamidase -

ProA L-prolinearylamidasepNA +

LIP Lipase -

PLE Palatinose +

TyrA Tyrosinearylamidase -

URE Urease -

dSOR D-sorbitol +

SAC Sucrose +

dTAG D-Tagatose +

dTRE D-Trehalose +

CIT Citrate(sodium) -

MNT Malonate -

5KG 5-Keto-D-gluconate -

ILATk L-Lactatealkalinisation -

AGLU α-glucosidase -

SUCT Succinatealkalinisation -

NAGA β-N-acetyl-galactosaminidase -

AGAL α-Galactosidase -

PHOS Phosphatase -

GlyA Glycine-arylamidase +

ODC omithinedecarboxylase -

LDC lysinedecarboxylase -

IHISa L-Histidineassimilation -

CMT Courmarate -

BGUR β-glucuronidase -

O129R O/129Resistance -

GGAA Glu-gly-arg-arylamidase -

IMLTa L-malateassimilation -

ELLM Ellman +

ILATa L-lactateassimilation -

Table6.BiochemicalcharacteristicsofisolatedstrainSW-03-F1
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Mnemonic Biochemicaltest(Substratename) Result

APPA α-phe-proarylamidase -

ADO Adonitol -

PyrA L-pyrrolydonyl-arylamidase (-)

IARL L-Arabitol -

dCEL D-Cellobiose -

BGAL β-galactopyranosidase +

H2S H2Sprodustion -

BNAG β-N-Acetylglucosaminidase -

AGLTp Glutamyl-arylamidasepNA -

dGLU D-glucose +

GGT γ-glutamyltransferase -

OFF Fermentativeglucose -

BGLU β-glucosidase -

dMAL D-maltose +

dMAN D-mannitol +

dMNE D-mannose -

BXYL β-xylosidase -

BAlap β-alaninearylamidase -

ProA L-prolinearylamidasepNA -

LIP Lipase -

PLE Palatinose -

TyrA Tyrosinearylamidase -

URE Urease +

dSOR D-sorbitol -

SAC Sucrose +

dTAG D-Tagatose -

dTRE D-Trehalose +

CIT Citrate(sodium) -

MNT Malonate -

5KG 5-Keto-D-gluconate -

ILATk L-Lactatealkalinisation +

AGLU α-glucosidase -

SUCT Succinatealkalinisation -

NAGA β-N-acetyl-galactosaminidase -

AGAL α-Galactosidase -

PHOS Phosphatase -

GlyA Glycine-arylamidase -

ODC omithinedecarboxylase -

LDC lysinedecarboxylase -

IHISa L-Histidineassimilation -

CMT Courmarate +

BGUR β-glucuronidase -

O129R O/129Resistance -

GGAA Glu-gly-arg-arylamidase -

IMLTa L-malateassimilation -

ELLM Ellman -

ILATa L-lactateassimilation -

Table7.BiochemicalcharacteristicsofisolatedstrainSW-03-F2
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Mnemonic Biochemicaltest(Substratename) Result

APPA α-phe-proarylamidase -

ADO Adonitol +

PyrA L-pyrrolydonyl-arylamidase -

IARL L-Arabitol +

dCEL D-Cellobiose +

BGAL β-galactopyranosidase -

H2S H2Sprodustion -

BNAG β-N-Acetylglucosaminidase -

AGLTp Glutamyl-arylamidasepNA -

dGLU D-glucose +

GGT γ-glutamyltransferase -

OFF Fermentativeglucose -

BGLU β-glucosidase -

dMAL D-maltose +

dMAN D-mannitol +

dMNE D-mannose -

BXYL β-xylosidase -

BAlap β-alaninearylamidase -

ProA L-prolinearylamidasepNA -

LIP Lipase -

PLE Palatinose +

TyrA Tyrosinearylamidase -

URE Urease -

dSOR D-sorbitol +

SAC Sucrose +

dTAG D-Tagatose +

dTRE D-Trehalose +

CIT Citrate(sodium) -

MNT Malonate -

5KG 5-Keto-D-gluconate -

ILATk L-Lactatealkalinisation -

AGLU α-glucosidase -

SUCT Succinatealkalinisation -

NAGA β-N-acetyl-galactosaminidase -

AGAL α-Galactosidase -

PHOS Phosphatase -

GlyA Glycine-arylamidase -

ODC omithinedecarboxylase -

LDC lysinedecarboxylase -

IHISa L-Histidineassimilation -

CMT Courmarate -

BGUR β-glucuronidase -

O129R O/129Resistance -

GGAA Glu-gly-arg-arylamidase -

IMLTa L-malateassimilation -

ELLM Ellman -

ILATa L-lactateassimilation -

Table8.BiochemicalcharacteristicsofisolatedstrainSW-03-G
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Mnemonic Biochemicaltest(Substratename) Result

APPA α-phe-proarylamidase -

ADO Adonitol +

PyrA L-pyrrolydonyl-arylamidase -

IARL L-Arabitol +

dCEL D-Cellobiose +

BGAL β-galactopyranosidase -

H2S H2Sprodustion -

BNAG β-N-Acetylglucosaminidase -

AGLTp Glutamyl-arylamidasepNA -

dGLU D-glucose +

GGT γ-glutamyltransferase -

OFF Fermentativeglucose -

BGLU β-glucosidase -

dMAL D-maltose +

dMAN D-mannitol +

dMNE D-mannose -

BXYL β-xylosidase -

BAlap β-alaninearylamidase -

ProA L-prolinearylamidasepNA -

LIP Lipase +

PLE Palatinose +

TyrA Tyrosinearylamidase -

URE Urease -

dSOR D-sorbitol +

SAC Sucrose +

dTAG D-Tagatose +

dTRE D-Trehalose +

CIT Citrate(sodium) -

MNT Malonate -

5KG 5-Keto-D-gluconate -

ILATk L-Lactatealkalinisation -

AGLU α-glucosidase -

SUCT Succinatealkalinisation -

NAGA β-N-acetyl-galactosaminidase -

AGAL α-Galactosidase -

PHOS Phosphatase -

GlyA Glycine-arylamidase -

ODC omithinedecarboxylase -

LDC lysinedecarboxylase -

IHISa L-Histidineassimilation -

CMT Courmarate -

BGUR β-glucuronidase -

O129R O/129Resistance -

GGAA Glu-gly-arg-arylamidase -

IMLTa L-malateassimilation -

ELLM Ellman -

ILATa L-lactateassimilation -

Table9.BiochemicalcharacteristicsofisolatedstrainSW-03-I
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6.Identification ofisolatesfrom NP-degrading microbial

consortium SW-03usinggeneticalanalysis

Theanalysisofbiologicalcharacteristicssuggested that thetwo

strains,SW-03-F1andSW-03-G,willbealliedspecies.However,the

analysisofbiologicalcharacteristicsonlyprovidesalimitinformationin

theidentificationofbacteria.Therefore,inordertoperform moredetail

investigation,a geneticalanalysis using bacterial 16S rDNA was

conducted.The16SrDNAwasamplifiedandsequencedbyacommercial

company(SolgentTech.,Daejeon,Korea).

PCRproductsof16SrDNAabout1.3to1.5kbwereobtained.The16S

rDNA sequences wereanalyzed with other16S rDNA sequences in

GeneBankdatabasesthroughtheBLAST search.Thehomologyresearch

indicatedthattheisolatedstrainSW-03-F1,-F2,-G,andIexhibited99%

identitywithotherOchrobactrum sp.,Staphylococcussp.,Achromobacter

sp.,andAchromobactersp.,respectively(Table10to13).Amongthem,

Ochrobactrum sp.hasbeenknownasaconstantlydominantbacteriain

NP-degradingmicrobialcommunityofsoil (Changetal.,2007).The

communityanalysisofNP-degradingbacterialconsortium obtainedfrom a

textilewastewaterpretreatmentplantrevealedthat thepresenceofthose

typicalof Achromobacter sp. (DiGioia et al.,2008). The genus

Staphylococcushas neverbeen reported to beable to degrade NP.

However,thegeneraSphingomonas,which already reported fortheir

biodegradationactivitytoward4-NP,werenotisolatedinthecurrent

study(Thangheetal.,1999;Fujiietal.,2001;Corvinietal.,2004;Gabriel

etal.,2005,b).
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Table 10. 16S rDNA sequences (1314bp) of strain SW-3-F1 and 

           homology search based on 16SrDNA sequences

1 gaacggcagc acggacttcg gtctggtggc gagtggcgaa cgggtgagta atgtatcgga

  61 acgtgcccag tagcggggga taactacgcg aaagcgtagc taataccgca tacgccctac

 121 gggggaaagc aggggatcgc aagaccttgc actattggag cggccgatat cggattagct

 181 agttggtggg gtaacggctc accaaggcga cgatccgtag ctggtttgag aggacgacca

 241 gccacactgg gactgagaca cggcccagac tcctacggga ggcagcagtg gggaattttg

 301 gacaatgggg gaaaccctga tccagccatc ccgcgtgtgc gatgaaggcc ttcgggttgt

 361 aaagcacttt tggcaggaaa gaaacgtcat gggttaatac cccgtgaaac tgacggtacc

 421 tgcagaataa gcaccggcta actacgtgcc agcagccgcg gtaatacgta gggtgcaagc

 481 gttaatcgga attactgggc gtaaagcgtg cgcaggcggt tcggaaagaa agatgtgaaa

 541 tcccagagct taactttgga actgcatttt taactaccgg gctagagtgt gtcagaggga

 601 ggtggaattc cgcgtgtagc agtgaaatgc gtagatatgc ggaggaacac cgatggcgaa

 661 ggcagcctcc tgggataaca ctgacgctca tgcacgaaag cgtggggagc aaacaggatt

 721 agataccctg gtagtccacg ccctaaacga tgtcaactag ctgttggggc cttcgggcct

 781 tggtagcgca gctaacgcgt gaagttgacc gcctggggag tacggtcgca agattaaaac

 841 tcaaaggaat tgacggggac ccgcacaagc ggtggatgat gtggattaat tcgatgcaac

 901 gcgaaaaacc ttacctaccc ttgacatgtc tggaatgccg aagagatttg gcagtgctcg

 961 caagagaacc ggaacacagg tgctgcatgg ctgtcgtcag ctcgtgtcgt gagatgttgg

1021 gttaagtccc gcaacgagcg caacccttgt cattagttgc tacgaaaggg cactctaatg

1081 agactgccgg tgacaaaccg gaggaaggtg gggatgacgt caagtcctca tggcccttat

1141 gggtagggct tcacacgtca tacaatggtc gggacagagg gtcgccaacc cgcgaggggg

1201 agccaatccc agaaacccga tcgtagtccg gatcgcagtc tgcaactcga ctgcgtgaag

1261 tcggaatcgc tagtaatcgc ggatcagcat gtcgcggtga atacgttccc gg

Reference(accessionno.) Identity(%)

Ochrobactrum anthropiCCUG1821(AM114404) 99.0

Ochrobactrum sp.CA01(HQ670703) 99.0

Ochrobactrum sp.lsd01(GQ180164) 99.0

Ochrobactrum triticiSCII24(AM114402) 99.0
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  1 gctcaggatg aacgctggcg gcgtgcctaa tacatgcaag tcgagcgaac agataaggag

  61 cttgctcctt tgacgttagc ggcggacggg tgagtaacac gtgggtaacc tacctataag

 121 actgggataa cttcgggaaa ccggagctaa taccggataa catttggaac cgcatggttc

 181 taaagtgaaa gatggttttg ctatcactta tagatggacc cgcgccgtat tagctagttg

 241 gtaaggtaac ggcttaccaa ggcgacgata cgtagccgac ctgagagggt gatcggccac

 301 actggaactg agacacggtc cagactccta cgggaggcag cagtagggaa tcttccgcaa

 361 tgggcgaaag cctgacggag caacgccgcg tgagtgatga agggtttcgg ctcgtaaaac

 421 tctgttatta gggaagaaca aacgtgtaag taactgtgca cgtcttgacg gtacctaatc

 481 agaaagccac ggctaactac gtgccagcag ccgcggtaat acgtaggtgg caagcgttat

 541 ccggaattat tgggcgtaaa gcgcgcgtag gcggtttctt aagtctgatg tgaaagccca

 601 cggctcaacc gtggagggtc attggaaact gggaaacttg agtgcagaag aggaaagtgg

 661 aattccatgt gtagcggtga aatgcgcaga gatatggagg aacaccagtg gcgaaggcga

 721 ctttctggtc tgtaactgac gctgatgtgc gaaagcgtgg ggatcaaaca ggattagata

 781 ccctggtagt ccacgccgta aacgatgagt gctaagtgtt agggggtttc cgccccttag

 841 tgctgcagct aacgcattaa gcactccgcc tggggagtac gaccgcaagg ttgaaactca

 901 aaggaattga cggggacccg cacaagcggt ggagcatgtg gtttaattcg aagcaacgcg

 961 aagaacctta ccaaatcttg acatcctttg aaaactctag agatagagcc ttccccttcg

1021 ggggacaaag tgacaggtgg tgcatggttg tcgtcagctc gtgtcgtgag atgttgggtt

1081 aagtcccgca acgagcgcaa cccttaagct tagttgccat cattaagttg ggcactctag

1141 gttgactgcc ggtgacaaac cggaggaagg tggggatgac gtcaaatcat catgcccctt

1201 atgatttggg ctacacacgt gctacaatgg acaatacaaa gggcagctaa accgcgaggt

1261 catgcaaatc ccataaagtt gttctcagtt cggattgtag tctgcaactc gactacatga

1321 agctggaatc gctagtaatc gtagatcagc atgctacggt gaatacgttc ccgggtcttg

1381 tacacaccgc ccgtcacacc acgagagttt gtaacacccg aagccggtgg agtaaccatt

1441 tatggagcta gccgtcgaag gtgggacaaa tgattggggt gaagtcgtaa caaggtagcc

1501 gtatcggaag gtgc

Reference(accessionno.) Identity(%)

Staphylococcussp.BQN4T-04(FJ380997) 99.0

Staphylococcussp.2qH-9(EU489561) 99.0

Staphylococcussaprophyticussubsp.saprophyticus

BQN1T-01d(FJ380970)
99.0

Staphylococcussaprophyticussubsp.saprophyticusBAC2101

(HM355690)
99.0

Table 11. 16S rDNA sequences (1515bp) of strain SW-3-F2 and

           homology search based on 16SrDNA sequences
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   1 aagtcgaacg gcagcacgga cttcggtctg gtggcgagtg gcgaacgggt gagtaatgta

  61 tcggaacgtg cccagtagcg ggggataact acgcgaaagc gtagctaata ccgcatacgc

 121 cctacggggg aaagcagggg atcgcaagac cttgcactat tggagcggcc gatatcggat

 181 tagctagttg gtggggtaac ggctcaccaa ggcgacgatc cgtagctggt ttgagaggac

 241 gaccagccac actgggactg agacacggcc cagactccta cgggaggcag cagtggggaa

 301 ttttggacaa tgggggaaac cctgatccag ccatcccgcg tgtgcgatga aggccttcgg

 361 gttgtaaagc acttttggca ggaaagaaac gtcgygggtt aataccccgc ggaactgacg

 421 gtacctgcag aataagcacc ggctaactac gtgccagcag ccgcggtaat acgtagggtg

 481 caagcgttaa tcggaattac tgggcgtaaa gcgtgcgcag gcggttcgga aagaaagatg

 541 tgaaatccca gagcttaact ttggaactgc atttttaact accgggctag agtgtgtcag

 601 agggaggtgg aattccgcgt gtagcagtga aatgcgtaga tatgcggagg aacaccgatg

 661 gcgaaggcag cctcctggga taacactgac gctcatgcac gaaagcgtgg ggagcaaaca

 721 ggattagata ccctggtagt ccacgcccta aacgatgtca actagctgtt ggggccttcg

 781 ggccttggta gcgcagctaa cgcgtgaagt tgaccgcctg gggagtacgg tcgcaagatt

 841 aaaactcaaa ggaattgacg gggacccgca caagcggtgg atgatgtgga ttaattcgat

 901 gcaacgcgaa aaaccttacc tacccttgac atgtctggaa tcctgaagag atttaggagt

 961 gctcgcaaga gaaccggaac acaggtgctg catggctgtc gtcagctcgt gtcgtgagat

1021 gttgggttaa gtcccgcaac gagcgcaacc cttgtcatta gttgctacga aagggcactc

1081 taatgagact gccggtgaca aaccggagga aggtggggat gacgtcaagt cctcatggcc

1141 cttatgggta gggcttcaca cgtcatacaa tggtcgggac agagggtcgc caacccgcga

1201 gggggagcca atcccagaaa cccgatcgta gtccggatcg cagtctgcaa ctcgactgcg

1261 tgaagtcgga atcgctagta atcgcggatc agcatgtcgc ggtgaatacg ttcccgggtc

1321 ttgtacacac cgcccgtcac accatgggag tgggttttac cagaagtagt tagcctaacc

1381 g

Reference(accessionno.) Identity(%)

Achromobactersp.DG(HQ437668) 99.0

Achromobactersp.P3(FJ556879) 99.0

AchromobacterinsolitusCCM7182(FM999733) 99.0

Alcaligenaceaebacterium a001-61(HM468067) 99.0

Table 12. 16S rDNA sequences (1382bp) of strain SW-3-G and homology 

           search based on 16SrDNA sequences
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   1 agagttgatc ctggctcaga ttgaacgcta gcgggatgcc ttacacatgc aagtcgaacg

  61 gcagcacgga cttcggtctg gtggcgagtg gcgaacgggt gagtaatgta tcggaacgtg

 121 cccagtagcg ggggataact acgcgaaagc gtagctaata ccgcatacgc cctacggggg

 181 aaagcagggg atcgcaagac cttgcactat tggagcggcc gatatcggat tagctagttg

 241 gtggggtaac ggctcaccaa ggcgacgatc cgtagctggt ttgagaggac gaccagccac

 301 actgggactg agacacggcc cagactccta cgggaggcag cagtggggaa ttttggacaa

 361 tgggggaaac cctgatccag ccatcccgcg tgtgcgatga aggccttcgg gttgtaaagc

 421 acttttggca ggaaagaaac gtcgtgggtt aataccccgc gaaactgacg gtacctgcag

 481 aataagcacc ggctaactac gtgccagcag ccgcggtaat acgtagggtg caagcgttaa

 541 tcggaattac tgggcgtaaa gcgtgcgcag gcggttcgga aagaaagatg tgaaatccca

 601 gagcttaact ttggaactgc atttttaact accgagctag agtgtgtcag agggaggtgg

 661 aattccgcgt gtagcagtga aatgcgtaga tatgcggagg aacaccgatg gcgaaggcag

 721 cctcctggga taacactgac gctcatgcac gaaagcgtgg ggagcaaaca ggattagata

 781 ccctggtagt ccacgcccta aacgatgtca actagctgtt ggggccttcg ggccttggta

 841 gcgcagctaa cgcgtgaagt tgaccgcctg gggagtacgg tcgcaagatt aaaactcaaa

 901 ggaattgacg gggacccgca caagcggtgg atgatgtgga ttaattcgat gcaacgcgaa

 961 aaaccttacc tacccttgac atgtctggaa tcctgaagag atttaggagt gctcgcaaga

1021 gaaccggaac acaggtgctg catggctgtc gtcagctcgt gtcgtgagat gttgggttaa

1081 gtcccgcaac gagcgcaacc cttgtcatta gttgctacga aagggcactc taatgagact

1141 gccggtgaca aaccggagga aggtggggat gacgtcaagt cctcatggcc cttatgggta

1201 gggcttcaca cgtcatacaa tggtcgggac agagggtcgc caacccgcga gggggagcca

1261 atcccagaaa cccgatcgta gtccggatcg cagtctgcaa ctcgactgcg tgaagtcgga

1321 atcgctagta atcgcggatc agcatgtcgc ggtgaatacg ttcccgggtc ttgtacacac

1381 cgcccgtcac accatgggag tgggttttac cagaagtagt tagcctaacc gtaagggggg

1441 cgattaccac ggtaggattc atgactgggg tgaagtcgta acaaggtagc cgtatcggaa

1501 ggtgcggctg gatcacctcc tt

Reference(accessionno.) Identity(%)

Alcaligenessp.MH112(FJ626643) 99.0

Achromobactersp.P3(FJ556879) 99.0

Alcaligenessp.cxh-4(EF059708) 99.0

AchromobacterinsolitusCCM7182(FM999733) 99.0

Table 13. 16S rDNA sequences (1382bp) of strain SW-3-I and homology  

           search based on 16SrDNA sequences
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7.NPdegradationbytheco-cultureusingNP-degrading

bacteria

The kinetic analysis ofNP degrading by the bacterialstrains

isolatedfrom SW-03revealedthatfourstrains(SW-03-F1,-F2,-G,

and-I)werecapableofdegradingefficientlyNP.However,SW-03-F2,

whichwastentatively identifiedtobelong thegenusStaphylococcus,

exhibited high homology with Staphylococcus saprophyticus thatis

often implicated in urinary tractinfections (Kuroda etal.,2005).

Therefore,SW-03-F1,-G,and-Istrainswerechosentoinvestigatethe

co-cultureeffectonNPdegradationandeachstrainwasmixedwiththe

followingnumberofcases;SW-03-F1/-G,SW-03-F1/-I,SW-03-G/-I,

andSW-03-F1/-G/-I.

TheNPremainingratiowascalculatedasmentionedaboveandthe

bacterialgrowthwasalsomonitoredduringtheperiodsofco-culture.

Aftertheinoculationofeachof1% pre-culture,cellswereaerobically

cultivatedat25℃ andsamplesweretakenwith5daysofintervalas

doneabove.NPremainedinthemedium wasextractedandanalyzed

as described in Materials and Methods.As the bacterialgrowth

progressed,theconcentrationofNPgraduallydecreasedover40days

of cultivation. In case of SW-03-G/-I, SW-03-F1/-G, and

SW-03-F1/-G/-I,NP wasdegraded over85% within 15 daysof

incubation(Fig.14,16and17).Bytheco-cultureofSW-03-F1/-I,

over85% NPwasdegradewithin20days(Fig.15).However,NP
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wasstilldetectedinallofco-cultureafter40daysofincubation,

suggesting theco-cultureofisolatesresultedindisturbing theNP

degradationcomparedtotheNPdegradationbysingleisolate.

Asshowninaboveresults,theNP-degradingpatternsbythe

co-cultureofisolatesweredifferentaccordingtothetypesofmixed

strains. In order to evaluate more detail the difference of

NP-degradingactivitybetweentheco-culturesofisolates,akinetic

analysiswasconductedasdescribedinMaterialsandMethods.The

NP degradationrateconstant(k1)valuesbyco-culturesofisolates

(SW-03-G/-I,SW-03-F1/-G,SW-03-F1/-Iand SW-03-F1/-G/-I)

wereinrangingfrom 0.081to0.092thatwereabout1.3foldshigher

thanthatoftheconsortium SW-O3strain.Thehalf-lifetimeofNP

degradation(t1/2)wassteadilydecreasedintherangeof7.5to8.6

daysthatwereabout4/5foldslowerthanthatoftheconsortium

strain.However,theNP-degrading activitiesbytheco-culturesof

theisolateswereinferiorthan thoseofmostisolates(Table14).

Theseresultssuggestedthatthethreestrains(SW-03-F1,-Gand-I)

willbeantagonisticeachotherinNPdegradationundertheconditions

performedinthisstudy.

IthasbeenpreviouslyreportedthatNPwasnotdetectedinthe

three-membered (BCaL1,BCaL2 and VA 160 strains)co-culture

duringtheexperimentaroundabout25days(DianaDietal.,2004).

Indeed,theBCaL1/BCaL2co-culturepotentialwasfurtherenhanced

byco-culturingthem withthenon-degradingBacillusVA 160strain.
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Considering theseresults,itwasconcludedthattheNP-degrading

bacteria isolated in the currentstudy is notsuitable strains to

degradeNPbytheco-culturemethods.
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Fig.14.Nonylphenoldegradationandgrowthbytheco-cultureof

SW-03-Gmixedwith-Istrain.

Fig.15.Nonylphenoldegradationandgrowthbytheco-cultureof

SW-03-F1mixedwith-Istrain.
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Fig.16.Nonylphenoldegradationandgrowthbytheco-cultureof

SW-03-F1mixedwith-Gstrain.

Fig.17.Nonylphenoldegradationandgrowthbytheco-cultureof

SW-03-F1mixedwith-Gand-Istrain.
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Table14.Kineticanalysisofnonylphenoldegradingbytheco-cultures

Strain k1(1/day) t1/2(day)
R(coefficient

ofcorrelation)

Control 0.011 61.8 0.99

SW-03 0.074 9.3 0.99

SW-03-G/-I 0.081 8.6 0.99

SW-03-F1/-I 0.092 7.5 0.99

SW-03-F1/-G 0.086 8.0 0.99

SW-03-F1/-G/-I 0.086 8.0 0.99
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Summary

ThisstudywasconductedtoisolateaNP-degradingmicroorganism

inaquaticenvironmentandtoperform thekineticanalysisofNP

degradationbybacterialstrainsisolatedinthecurrentstudy.

NP-degrading single strains were isolated from NP-degrading

microbialconsortium SW-03 strain.Ten colonies,which exhibited

different cell morphology, were obtained through single colony

isolation.ThestrainswerenamedasSW-03-A,-B,-C,-D,-E,-F1,

-F2,-G,-H,and-I,respectively.AllstrainswereGram (-)bacteria

exceptSW-03-F2.

SW-03-F1,-G,and -Istrains were chosen to investigate the

co-culture effect on NP degradation. As the bacterial growth

progressed,theconcentrationofNPgraduallydecreasedover40days

ofcultivation.IncaseofSW-03-G/-I,SW-03-G/-F1,andSW-03-G/

-F1/-I,NPwasdegradedover85% within15daysofincubation.By

theco-cultureofSW-03-F1/-I,over85% NPwasdegradewithin20

days.However,NP wasstilldetectedinallofco-cultureafter40

daysofincubation,suggestingtheco-cultureofisolatesresultedin

disturbing theNP degradationcomparedtotheNP degradationby

singleisolate.

TheNP degradation rateconstant(k1)valuesby co-culturesof

isolates (SW-03-G/-I, SW-03-F1/-G, SW-03-F1/-I and

SW-03-F1/-G/-I) wereinranging from 0.081to0.092thatwere

about1.3foldshigherthanthatoftheconsortium SW-O3strain.The
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half-lifetimeofNPdegradation(t1/2)wassteadilydecreasedinthe

rangeof7.5to8.6daysthatwereabout4/5foldslowerthanthatof

theconsortium strain.However,theNP-degradingactivitiesbythe

co-culturesoftheisolateswereinferiorthanthoseofmostisolates.

Theseresultssuggestedthatthethreestrains(SW-03-F1,-Gand-I)

willbeantagonisticeachotherinNPdegradationundertheconditions

performedinthisstudy.
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