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Supplemental tables 1 

Table S1.  PCR primers used for molecular analyses of DF-degrading bacteria  2 

PCR strategy and target regions Primer 

name 

Direction Sequence (5' - 3') 

Standard PCR    

  AhDOa PAH2f Forward TCVBSTGCMVYTAYCAYGGYTGG 

 PAH3r1 Reverse TCAYCYGKTCCYYTMGGRTGCCA 

 PAH3r2 Reverse TYATBSGGMCCVMKCGGVTGCCA 

 PAH4r Reverse CSATSRMATASKTCCAVACYTCG 

 PAH5r Reverse CCRTCRTCSKGBKCRAAHAMACC 

  Paenibacillus DbfA1 YDA1f Forward GGAGCAGCATGTAGTCAGAG 

 YDA1r Reverse GATCCAGCAAGTGAGCTTCG 

Inverse PCR for Paenibacillus 

sp. TSY30 

   

   1, 2, 3* EHNf Forward AGTCCCAAGTCCAAAGCCAGAC 

   1, 2, 3, 5 EHNPr Reverse CTTCCAGTTCGCATGAACGACC 

   4, 8 NN-2f Forward ATGATCCGGTACTGTTGGTGCG 

   4 NS-1r Reverse TCCTGCTGGTAGGCCATAAACG 

   5 Pst-1f Forward TCTGATCATTGCGGTGTCGCTG 

   6 SacI-1f Forward AGCCTTGATGGAGGACTACGAG 

   6, 8 SN-5r Reverse GCAGCAATCCCAGATGATCTCG 

   7 Not-1f Forward GTTCAAGGATACGGATCTGGCC 

   7 Not-2r Reverse GTGACTGCGAACGCTTAGTTCC 

Inverse PCR for Rhizobium sp. 

TSY03b 
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  10, 12, 15* HNX1f Forward ATGATGATCTACCGCACGCGGC 

  10, 11 HN-1r Reverse ACCATAGGTGTACGCGAAGC 

  11 Nco-1f Forward GACTGACAACGAAACCTTCGCC 

  12 Nde-1r Reverse TTGGCAATCTGCGACTCATGGC 

  13 Sal-1f Forward GAATCTGTCGTTCCTGGCAG 

  13, 15 SX-1r Reverse GATGACCCACTTCTGGATGC 

  14 Sal-2f Forward GATACGTGGAAGAGGGTGCAC 

  14 Sal-2r Reverse CAGCTTGCAGATCAGGATCGG 

Real-time qPCR for AhDOa 

from: 

   

  Paenibacillus sp. (NidA1) TSY30n-2f Forward TGGGTCGTTCATGCGAACTG 

 TSY30n-2r Reverse CCACATTTCTTGCGGCAACC 

  Paenibacillus sp. (DbfA1) TSY30d-1f Forward TTGAAGTGGCAGGTCCCATC 

 TSY30d-1r Reverse CGATCCAATTCCAGACCCAC 

  Rhizobium sp. TSY03b  TSY03b-1f Forward GCACGACCTCACATCTGTCCGGCATC 

 TSY03b-1r Reverse GACACAAGTGTACATCGGTCCGCGAC 

  N. naphthalenivorans DF261 DF261-1f Forward GGAGCCCATCTTCAAGCACTCA 

 DF261-1r Reverse CCGGAATAAGCGTCCCACAACA 

* Figures correspond to the DNA fragment regions shown in Fig. 1b and 1d. 3 
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Table S2. Deduced ORFs found in the 7.3 kb nucleotide stretch of cloned DNA from 5 

Paenibacillus sp. strain TSY30 6 

ORF Position in 

accession 

no. 

Calculated 

molecular 

mass (Da) 

BLAST homology search for protein 

% 

Identity 

Protein/function Closest relative as host 

organism 

Accession 

number 

1 56–925 32,812 65 5-Carboxymethyl-2-hydroxymuconate 

delta-isomerase  

Bacillus tusciae DSM 2912 YP_003590136 

2 944–2137 44,718 55 Monooxygenase FAD-binding protein  Geobacillus sp. Y412MC61 ZP_04392202 

3 2205–3533 50,860 63 Aromatic-ring-hydroxylating 

dioxygenase, alpha subunit 

Geobacillus sp. Y4.1MC1 ZP_05373195 

4 3552–4049 19,431 59 Aromatic-ring-hydroxylating 

dioxygenase, beta subunit 

Geobacillus sp. Y4.1MC1 ZP_05373196 

5 4106–4987 31,337 40 Inner-membrane translocator Geobacter lovleyi SZ YP_001952098 

6 5027–6022 35,919 41 Inner-membrane translocator  Geobacter uraniumreducens 

Rf4 

ZP_01141122 

7 6019–6810 28,905 50 ABC transporter-related ATP-binding 

protein 

Acidiphilium cryptum JF-5 YP_001233501 

8 6798-7348* – 56 ABC transporter Paenibacillus sp. D14 ZP_04853801 

* Incomplete sequence in the 3' region. 7 
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Table S3. Deduced ORFs found in the 5.9 kb nucleotide stretch of cloned DNA from 9 

Rhizobium sp. strain TSY03b 10 

ORF Position in 

accession 

no. 

Calculated 

molecular 

mass (Da) 

BLAST homology search for protein 

% 

Identity 

Protein/function Closest relative as host 

organism 

Accession 

number 

1 898–1* – 89 TRAP transporter solute receptor, TAXI 

family 

Polymorphum gilvum 

SL003B-26A1 

YP_004305816 

2 1106–2466 50,644 94 IPB-dioxygenase, ISP large subunit Polymorphum gilvum 

SL003B-26A1 

YP_004305818 

3 2536–3111 22,832 91 Biphenyl 2,3-dioxygenase beta subunit Polymorphum gilvum 

SL003B-26A1 

YP_004305819 

4 3122–3427 11,007 71 Ferredoxin Xanthobacter 

polyaromaticivorans 

BAC98958 

5 3461–4294 29,127 89 Short-chain dehydrogenase/reductase 

(dihydrodiol dehydrogenase) 

Polymorphum gilvum 

SL003B-26A1 

YP_004305821 

6 4450–5901 51,690 90 Dehydrogenase PhnF Polymorphum gilvum 

SL003B-26A1 

YP_004305822 

*Incomplete sequence in the complementary 3' region. 11 

12 
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Supplemental figures 13 

Fig. S1. Absorption spectra of the yellow-pigmented DF-degrading cultures of 14 

Paenibacillus sp. strain TSY30 (a) and Rhizobium sp. strain TSY03b (b). DF in the 15 

culture of Rhizobium sp. strain TSY03b was degraded co-metabolically in the presence 16 

of naphthalene. Spectral patterns of the pigmented supernatant in response to changes in 17 

pH are shown. 18 

Fig. S2. Southern hybridization of digested genomic DNA of Paenibacillus sp. strain 19 

TSY30 (a, b) and Rhizobium sp. strain TSY03b (c, d) with a labeled PCR clone as the 20 

probe. The probes used were the PCR clone with primers PAH2f/PHA3r2 (nidA1) for 21 

Paenibacillus sp. strain TSY30 and that with primers PAH2f/PHA5r (nidA1) for 22 

Rhizobium sp. strain TSY03b. (a, c), Agarose electrophoresis with ethidium bromide 23 

staining of genomic DNA digested with restriction enzymes, EcoRI, NotI, SalI, PstI, and 24 

SacI; (b, d), hybridization signals on the nylon membrane to which the digested DNAs 25 

were transferred. Positive controls are indicated in lane P. 26 

 27 



A
bs

or
ba

nc
e

Kaiya et al. Fig. S1

447 pH 11

pH 7
pH 9

pH 3

Wavelength (nm)
417 pH 12

pH 9
pH 10

pH 7

pH 11

300 400 500 600
Wavelength (nm)

0.4
300 400 500 600

0.3

0.2

0.1

0

A
bs

or
ba

nc
e 0.4

0.3

0.2

0.1

0

0.5

b

a

pH 6



S
iz

e 
m

ar
ke

r
E
co

R
I

N
ot

I

S
al

I

P
st

I

S
ac

I

P

23
6.6

2.3

a b
S

iz
e 

m
ar

ke
r

E
co

R
I

N
ot

I

S
al

I

P
st

I

S
ac

I

P

bp

Kaiya et al. Fig. S2

dc

23
6.6

2.3

bp



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


