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7　　Abstract

8　Threestrainsofcyanobacterialhepatotoxinmicrocystin－degradingbacteria，Y2T，MDB2

9　andMDB3，Wereisolatedfromaeutrophiclake，LakeSuwa，andTenryuRiver，Japan，

10　andcharacterized．Thesestrainswereaerobicchemoorganotrophicandhad

ll gram－negative，nOn－SPOre－fbrmlng，mOtilebymeansofsinglepolarflagella，rOd－Shaped

12　cells．Yellow－Plgmentedcolonieswerefbrmedonnutrientagarmedia．Thesestrains

13　assimilatedonlycitrateamongtheorganiccompoundstestedascarbonsources．TheG＋C

14　contentofgenomicDNArangedfrom63．6to63．7m01％．Aphylogeneticanalysisbased

15　0n16SrRNAgenesequencesindicatedthatthenewisolatesfbrmedatightclusterwithin

16　thefamilySphingomonadaceaebutwereclearlyseparatefromanyestablishedgeneraof

17　thisfamily，1．e．，勘hifWmOnaS，勘hifWbium，Nbvo甲hifWbiumand＆hifWis．

18　Sequencesimilaritiesbetweenthenewisolatesandtypestrainsofestablishedgenera

19　rangedfrom90．9to94．9％．Chemotaxonomicandphenotypicdatasupportedthatthese
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1　StrainsweremembersofthefamilySphingomonadaceae．Themqorcomponentsof

2　cellularfattyacidswere18：1（07C（36－41％）and16：1（07C（33－36％）．Hydroxyfattyacid

3　wasmainly2－OH14：0（11－13％）and3－0Hfattyacidswereabsent．Glycosphingolipids

4　weredetected．UbiqulnOne－10andhomospermidinewerepresentasthemqorqulnine

5　andpolyamine，reSPeCtively．Thus，WePrOPOSetOClassifythethreestrainsasanew

6　genusandspeciesofthefamilySphingomonadaceaewiththename＆hifWSinicelk1

7　micft）q）Stinivorans．ThetypestrainisY2T（＝KTCT12019，＝JCM13185）

8

9　Hepatotoxinmicrocystins，PrOducedbyseveralmembersofcyanobacteriabelonglngtO

lO thegeneraMcroq）Stis，Anabaena，NbstocandOscilkltOria（j）kmktothrix），mayCauSeS

ll seriousdiseaseinhumansandanimals（Jochimsenetal．，1998；Kuiper－Goldmanetal．，

121999）．Amicrocystin－degradingbacteriumdesignatedstrainY2Twasisolatedusing

13　dilutedNutrientAgar（NissuiPharmaceutical，Japan）fromaeutrophiclake，LakeSuwa，

14　Japan，duringthebloomingperiodoftoxicMcroq）Stis（Parketal．，2001）．Thisstrain

15　wasabletodegrademicrocystin－RR，－YR，－LR，anditsisomerl6（Z）－Adda

16　microcystin－LR］andtogrowininorganicmediacontainingmicrocystinasthesole

17　carbonsourcesaswellasindilutednutrientbroth（Parketal．，2001）．Aphylogenetic

18　analysisofstrainY2Tbasedon16SrRNAgenesequencesrevealedthatitrepresentsa

19　deeplybranchinglineagewithintheclusterofthesphingomonads，includingthegenera

20　BklStOmOnaS，Nbvo軍hifWbium，＆hifWbium，＆hifWisand勘hifWmOnaS（Parket

21　al．，2001）．Later，Weisolatedtwootherstrains（MDB2andMDB3）of

22　microcystin－degradingbacteriafromTenryuRiverinJapan．Thesestrainswere

23　phylogeneticallysimilartostrainY2T・Inthepresentstudy，Wedescribethetaxonomic
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1　propertiesofthesethreestrainsofmicrocystindegradersandproposetoclassifythem

2　intoanovelgenusandspecieswiththename＆hifWSinicelklmicroq）Stinivorans．

3　Generalcellmorphology，gramreaCtion，SPOrefbrmlngandmotilitybymeansofflagella

4　werestudiedunderanOlympuslightmicroscope（U－LHlOOO）byNCIMBJapanCo．

5　（Shizuoka，Japan）．Colonyshapewasobservedafterthecellswereincubatedat300C

6　fbr48hronNutrientAgar（Oxoid，England，UK）．Biochemicaltestswereperfbrmedby

7　NCIMBJapanCo．（Shizuoka，Japan）usinganAPI20NEkitaccordingtothe

8　manufacturer’sinstructions（APIbioMerieux），aSWellasbyconventionaltests，Which

9　WerefbractivltyOfcatalaseandoxidase，gaS／acidproductionfromglucoseand

lO oxidation／fbrmentationfrOmglucose，aSdescribedpreviously（BarrowandFeltham，

111993）．TheanalysisofcellularfattyacidswasperfbrmedbyNCIMBJapanCo．（Shizuoka，

12　Japan）usingtheSherlockMicrobialIdentincationsystem（version5．0，MIDI，DE，USA）

13　accordingtothemanufacturer’sinstructions．Cellularfattyacidswereextractedfromcells

14　grownonTripticaseSoy（SCD）Agar（BectonDickinson，NJ，USA）at300cfbr24hours，

15　andanalyzedatmethylesters．GlycosphingolipidswereanalyzedbyTLCasdescribed

16　previously（Takeuchietal．，2001）．Respiratoryquinonepronleswerestudiedasdescribed

17　previously（Hiraishietal．，1996；Iwasaki＆Hiraishi1998）．Polyamineswereanalyzed

18　aspreviouslyreported（Hamana＆Takeuchi，1998；Hamanaetal．，2003）．Genomic

19　DNAwasextractedandpurinedbythephenolextractionmethodasdescribedpreviously

20　（Saitou＆Miura，1963），andDNAbasecompositionwasdeterminedbytheHPLC

21　methodofKatayama－Fttjiwaraetal．（1984）．AftergenomicDNAwaspreparedbythe

22　PrepManmethod（AppliedBiosystems，CA，USA），16SrRNAgeneswereamplinedby

23　PCRandsequencedwithaMicroSeq㊧Ful116SrDNABacterialSequencingkit（Applied
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1　Biosystems）byNCIMBJapanCo．（Shizuoka，Japan）．Sequencesimilaritieswere

2　studiedusingtheBLASTprogram（Altschuletal．，1997）．Relativesequencesincluding

3　typestrainsofestablishedgeneraofthefamilySphingomonadaceaewereobtainedfrom

4　theGenBankaMBL／DDBJ．Multiplealignmentsofsequencedata，Calculationof

5　evolutionarydistancesandconstructionofaneighborJoiningphylogenetictree（Saitou＆

6　Nei，1987）WereperfbrmedwiththeClustalWprogram（Thompsonetal．，1994）using

7　bootstrapvaluesbasedonlOOOreplications．

8　StrainsY2T，MDB2andMDB3weregram－negative，nOn－SPOre－fbrmlngrOdsmeasunng

9　0・6－0・7トLminwidthandO・8－1・0トLminlength．Cellsweremotilebymeansofsinglepolar

lO　flagella．AllthesestrainsfbrmedyellowcoloniesonNutrientAgar（Oxoid，England，

11　UK）after48hrincubationat300C．Thetemperaturerangefbrgrowthwas10－370Cand

12　0PtlmumtemPeratureWaS300C．Nogrowthoccurredat450C．ThepHrangefbr

13　growthwas7－9・StrainsY2T，MDB2andMDB3werestrictlyaerobicand

14　chemoorganotrophic．Theyexhibitedpositivereactionsfbroxidaseandcatalasebut

15　negativereactionsintheoxidation／fermentationtestandgas／acidproductiontestwith

16　glucose・OtherphysiologlCalandbiochemicalcharacteristicsofstrainsY2T，MDB2and

17　MDB3Werecomparedwiththoseofthetypestrainsofthephylogeneticallyrelated

18　genera，勘hifWmOnaS，勘hifWbium，Novo軍hifWbiumand勘hifWis（Tablel．）．As

19　theresultofassimilationtestuslngtWelvecarbonsources，StrainsY2T，MDB2andMDB3

20　wereshowntoonlyassimilatecitrate．Thesestrainsdidnotassimilateglucose，

21　L－arabinose，D－mannOSe，N－aCetyl－D－glucosamine，maltose，gluconate，n－CaPrOate，adipate，

22　DL－malicacid，andphenylacetate・StrainsY2T，MDB2andMDB3exhibitedallnegative

23　reactionsfbrotherphenotypictests：nitratereduction，β－galactosidase，aeSCulinhydrolysis，
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1　urease，gelatinhydrolysIS，indoleproduction，glucosefbrmentation，arglninedihydrolase．

2　Negativereactionofnitratereduction，WhichwasproposedoneofthephenotypICmakers

3　todistinguishfburgeneraofthefamilySphingomonadaceae（Takeuchietal．，2001），WaS

4　thecharacterof＆hifWbium，Nbvo甲hifWbiumandsomeof勘hifWmOnaS．

5　AsshowninTable2，themajorfattyacidsofthethreestrainswere18：1（07C（36－41％）

6　and16：1（07C（33－36％）．Theminorcompositionsoffattyacidswere16：0（7－8％），16：1

7　（05C（3％）and14：0（1－2％）．Themaincomponentofhydroxyfattyacidswas2－OH14：0

8　（11－13％），and3－0Hfattyacidswereabsent．Theanalysisofthelipidextractsby

9　thin－layerchromatographyrevealedthepresenceofglycosphingolipidsinallthreestrains．

10　ThemajorrespiratoryquinonewasQ－10．Thepolyaminedetectedwashomospermidine

ll（1．5トLmOl（gwetcell）‾1）assameasgenus勘hifWmOnaS．TheG＋Ccontentofthethree

12　strainsrangedfrom63・6to63・7m01％．

13　The16SrRNAgenesequencesofstrainsY2T，MDB2andMDB3determinedbyuslng

14　MicroSeq㊧Ful116SrDNABacterialSequenclngkitwereacontinuousstretchof1449，

15　1482and1482bp，reSPeCtively．ThethreestrainshadasequencesimilarltyOf99・9％to

16　eachother，SuggeStlngthattheyfbrmageneticallycoherentgroupatthespecieslevel．

17　HomologysearchofthesequencesuslngtheBLASTprogramindicatedthattheclosest

18　relativesofourstrainswereunidentinedstrains7CY（99・5％，ABO76083，Ishiietal．，

19　2004），B9（99・3％，AB159609，Haradaetal．，2004）andICO75（99・3％，AB196249，Inoue

20　etal．，2005）．Strains7CYandB9werealsomicrocystin－degradingbacteriaisolated

21independentlyfromLakeSuwa．Themicrocystins－degradingprocessofstrains7CYand

22　B9WerequlteSimilartothatofstrainY2T，aSSeVeralcommondegradationproducts
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1　weredetected（ParketaL，2001；Haradaetal．，2004；Ishiietal．，2004）．Saitoetal．

2（2003）reportedthatstrainY2Tpossessedoneofmicrocystinhydrolyticenzymegene，

3　mhA，tOOPenCyClicpeptideofmicrocystins（Boumeetal．，2001）．Thesenndings

4　suggestthatstrainsY2T，7CYandB9wereidentical・StrainICO75wasabletodegrade

5　carbazole，Whichwasoneofaromaticcompoundsandsimilarstructuretodioxins．

6　AlthoughtherehasbeennoreportonthecapabilityofstrainICO75todegrade

7　microcystln，ahighsequencesimilaritybetweenstrainsY2TandICO75impliedthe

8　Potentialabilityofthelatterstraintodegrademicrocystin．Aphylogenetictreebasedon

9　16SrRNAgenesequencesrevealedthatstrainsY2，MDB2andMDB3fbrmedadistinct

lO cladetogetherwithstrains7CYB9andICO75withinthefamilySphingomonadaceae

ll　（Kosakoetal．2000）．However，thiscladewasseparatefromanyoftheestablished

12　generaofthisfamily，e．g．，勘hifWmOnaS，勘hifWbium，Nbvo甲hifWbiumand

13　＆hifWis（Fig．1）．Forexample，StrainsY2T，MDB2andMDB3showedasequence

14　similarityof90・9－94・4％tothetypestrainsoftherespectivetypespecies．

15　Tonndnucleotidesignaturesspecincto16SrRNAofthefburgeneraofthefamily

16　Sphingomonadaceae（TakeuchietaL，2001），WealignedthesequencesofstrainsY2T，

17　MDB2，MDB3，7CYB9andICO75．Thenucleotidesignaturesspecinctothe16SrRNAs

18　0fstrainsY2T，MDB2andMDB3werethesameasthoseofthegenus勘hifWmOnaS

19　SensustrictoreportedbyTakeuchietal．（2001），i．e．，C：Gatposition52：359，Gatposition

20　134，Gatposition593，G：Catposition987：1218，U：Gatposition990：1215（in

21　Echerichiacolinumbering（Brosiusetal．1978））．Thesamenucleotidesignatureswere

22　fbundintheothermicrocystindegraders，Strains7CY（Ishiietal．，2004）andB9（Harada

23　etal．，2004），andacarbazole－utilizingbacterium，StrainICO75（Inoueetal．，2005）．
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1Asdescribedabove，thephylogeneticdataclearlyhavedemonstratedthatstrainsY2T，

2　MDB2andMDB3aremembersofthefamilySphingomonadaceae．However，Since

3　strainsY2T，MDB2andMDB3fbrmadistinctphylogeneticclusterwithinthisfamily，ltis

4　difnculttoallocatethemtoanyofthepreviouslydescribedgenera，勘hifWmOnaS，

5　秒hi7唱pbium，Novo軍hifWbiumand勘hifmXis（Fig．1）．Similaritiesof16SrRNAgene

6　sequencebetweenstrainsY2T，MDB2，MDB3andtypestrainsofestablishedgenerawere

7　low，rangingfrom90．9to94．9％．Takeuchietal．（2001）reportedthatthefburgeneraof

8　thefamilySphingomonadaceaewereseparatedapproximately＜95％sequencesimilarlty．

9　Chemotaxonomicandphenotypicdatasupportthatthesestrainsaremembersofthe

lO familySphingomonadaceae（Tablel，2）．Glycosphingolipidsandubiquinone－10were

ll present・StrainsY2T，MDB2，MDB3contained18：107cand16：107casthedominant

12　fattyacidsand2－OH14：Oasthem亘iorhydroxylfattyacid（Takeuchietal．，1993；

13　Kampfbretal．，1997；Takeuchietal．，2001；Tiirolaetal．，2005）．And3－0Hfattyacids

14　Wereabsent（Takeuchietal．，1993）（Table2）．Thepolyamineofthe

15　microcystin－degradingstrainswashomospermidine，aSWaSthecaseinthegenus

16　秒hi7唱pmOnaSSenSuSiricto，Whereasallothergeneranotedabovecontainedspermidine

17　（Takeuchietal．，2001；Hamanaetal．，2003）．Theabilitytoreducenitratewasabsentin

18　0urStrainsaswellasin勘hifWbiumand勘hifWisstrains．

19　Byacombinationofanumberofchemotaxonomicandphenotypiccharacteristicslisted

20　above（seeTableland2），tOgetherwiththephylogeneticinfbrmationofdistinctclade

21　withinthefamilySphingomonadaceaeandlowsequencesimilarity（＜95％）torelated

22　genera，ltismostapproprlatetOCOnCludethatnovelmicrocystin－degradingstrainsstudied

23　ShouldbeclassinedinanovelgenusandnovelspeciesofthefamilySphingomonadaceae．
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1　Thus，thename勘hifWSinicelklmicft）q）Stinivoransgen．nov．，SP．nOV．isproposedfbrthe

2　　threestrains．

3　Descriptionof勒hingosinicellagen．nov．

4　＆hifWSinicelkl（Sphin．go．si．ni．cel’la．Gr．gen．n．sphingos，Of sphinx（from the

5　mysteriessphingosinepresentedtoearlyobserverS）；N．L．n．sphingosinum，SPhingosine；

6　L．fbm．n．cella，a StOre－rOOm andin biology a cell；N．L．fem．n．勘hifWSinice肋，

7　sphingosine－COntainingcell）

8　Cellsaregram－negative，nOn－SPOre－fbrmlng，andmotilebymeansofpolarflagella．

9　rod－Shapedcells．Coloniesareyellow．Strictlyaerobicandchemoorganotrophic．

10　Catalaseandoxidasepositive．Nitrateisnotreduced．Them亘iorfattyacidsare18：1（07c

ll and16：1（07C．2－hydroxyfattyacidispresentwith2－OH14：Opredominatlng．

12　3－hydroxyfattyacidisabsent．Glycosphingolipidsareproduced．ResplratOryqulnOne

13　ispredominantlyQ－10．Homospermidineisthemajorpolyaminecomponentassameas

14　thegenus勘hifWmOnaS．TheDNAG＋ccontentis63・6－63・7m01％．Thephylogenetic

15　PositionisinthefamilyofSphingomonadaceae．Thecharacteristic16SrRNAsignatures

16　arethesameasthegenus勘hifWmOnaS，52：359（C：G），134（G），593（G），987：1218（G：C）

17　and990：1215（U：G）．Thetypespeciesis勘hifWSinicelklmicroq）Stinivorans．

18　Descriptionof勒hingosinicellamicpvq，Stinivoranssp．nov．

19　＆hifWSinicelklmicft）q）Stinivorans（mi．cro．cys．ti．ni．vo’rans．microq）Stinivorans

20　microcystin－degrading）

21　CellsizeisO・3－0・7xO・6－1・OLLm．Citrateisonlyassimilated．Nitrateisnotreducedtonitrite．
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1　Negativereactionsare：hydrolysisofaesculin，gelatinandurease，aCtivltyOf

2　β－galactosidase，indoleproduction，glucosefbrmentation，argininedihydrolase，and

3　assimilationofglucose，L－arabinose，D－mannOSe，N－aCetyl－D－glucosamine，maltose，

4　gluconate，n－CaPrOate，adipate，DL一malicacidandphenylacetate．Glycosphingolipidsare

5　produced．RespiratoryquinoneispredominantlyQ－10．M亘iorfattyacidsare18：1（07C

6　（33－36％）and16：1（07C（36－41％）．Asminorcomponents，16：0（7－8％），16：1（05C（3％）

7　and14：0（1－2％）areproduced．M亘ior2－hydroxyfattyacidis2－OH14：0（11－13％）．As

8　minorcomponent，2－OH16：0（1％）isproduced．Polyamineishomospermidinel1．5トLmO1

9（gwetcell）‾1］．TheDNAG＋ccontentis63・6－63・7m01％．IsolatedfromtoxicMcroq）Stis

lO bloomlnglake，LakeSuwa，Japan．

11ThetypestrainisstrainY2T（＝KTCT12019，＝JCM13185）．

12　Theaccessionnumberfbrthe16SrRNAgenesequenceofthetypestrainisABO84247．
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Tab■el・Biochemica■characteristicsofstrainY2T，MDB2，MDB3andsevera■typestrainsofSphh7gOmOnaS，Sphh7gObjum，Nobosphk7gObjumandSphh7gOPyXJS・

Dataforstrains4，7－9arefromTakeuchietal．（2001），anddataforstrain5，6arefrom Ushibaetal．（2003）．

Allstrainswerepositiveforassimilationofcitrate．Allstrainswerenegativeforassimilationofphenylacetate，

ureaseactivity，gelatinhydrolysIS，indoleproduction，glucosefermentation，andarglninedihydrolase．

1　　　　　2　　　　　　3　　　　　　　　4　　　　　　　　　　　5　　　　　　　　　　6　　　　　　　　　　　7　　　　　　　　　　8　　　　　　　　　　9

Strain strain Sphk7gOmOnaS Sphh7gOmOnaS Sphk7gObium Novosphk7gObium Sphk7gOPyXIS Sphh7gOPyXJS

Characteristic strainY2T MDB2　MDB3　　adhaesiva pauchT，ObnlS yanOn（uyae CaPSuJatum terTae maCrOgOltabjda

lF015099T IF013935T IF015102T IF012533T IF015098T IF015033T

Assimilation of

Glucose

L－Arabinose

D－Mannose

D－MannitoI

N－Acetyl－D一glucosamine

Maltose

Gluconate

n－CaPrOate

Adipate

DL一malicacid

Citrate

Phenylacetate

Activityof

Nitrate reduction

β－Galactosidase

AesculinhydrolysIS

Urease

GelatinhydrolysIS

indoleproduction

Glucosefermentation

Argininedihydrolase
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Table2．MajorfattyacidcompositionofstrainY2T，MDB2andMDB3

2－O H　　　　　　　　　　　　　 IS0 3－OH

12＝0 14＝0 16＝0 慧 ∴ 黒 ∴ 霊 18＝0　 浩三　 浩三 1㌫慧≡■　 12＝0 14＝0 15＝0 16＝0 16＝1 16＝0

StrainY2T 1　　　 8　　　 3　　　 34　　　 t　　　　 t　　　 1　　　 38　　　　　　 t　　　　　　　　 t　　　 12　　　 t　　　 l　　　 t　　　　　　　　 t

StrainM DB2 2　　　　 7　　　 3　　　 33　　　 t　　　　 t　　　 1　　　 41　　　　　　　　　　　　　　　　　　 11　　　　　　　 1　　　　　　　　　　　　 t

StrainM DB3 t　　　　2　　　　 7　　　 3　　　 36　　　 1　　　 t　　　 1　　　 36　　　　　　 t　　　　　　　　 t　　　 13　　　 t　　　 l　　　 t　　　　　　　　 t

Valuesarepercentagesoftotalfattyacidcontent

l t：traCe（＜1％）
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2　Legend

4　Figurel

5　DistancematrixtreeshowlngPhylogeneticrelationshipsbetweenstrainsY2T，MDB2and

6　MDB3（bold）and the type species of representative genera of the family

7　Sphingomonadaceae．ThesequenceofRhoCわ甲irilhJmrubrumwasusedasanoutgroupto

8　root the tree．The phylogenetic tree was constructed by the neighborjolnlng method

9　（Saitou＆Nei1987）．BootstrapvalueswithlOOOtrialsareshownatbranchingpointsof

lO interest．Scalebar＝1％nucleotidesubstitution．
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