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A. Mycale sp.; B. Stylissa sp.; C. Styela plicata; D. Molgula manhattensis
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Tab.1 Composition of six different kinds of media used for the isolation of actinomycetes from marine sponges and ascidians

MIl 10.0 g; 4.0 g; 2.0g; 18.0 g; NaCl 20.0 g; 1.0L; pH
M2 (100%) 6.0 mL; 1.0 g; K,HPO4-3H,0 1.0 g; MgS0O4-7H,O 0.5 g; 18.0 g; NaCl 20.0 g;
1.0L; pH
M3 2.0 g; L- 0.1g; 4.0 g; KHPO,4-3H,0 0.05 g; MgS0O,4-7H,0 0.1 g; FeSO4-7H,0
0.01 g; 15.0 g; NaCl 20.0 g; 1.OL; pH7.0
M4 (100%) 5.0 g; 2.0g; L- 0.1g; 4.0 g; K,HPO,4-3H,0 0.5 g; MgSO,4-7H,O
0.1 g; FeSO4-7H,0 0.01 g; 15.0 g; NaCl1 20.0 g; 1.0L; pH 7.0
20.0 g; KNO;5 1.0 g; K,HPO4-3H,0 0.5 g; MgSO,4-7H,0 0.5 g; FeSO,4-7H,0 0.01 g; agar 18.0 g;
NaCl 20.0 g; 1.0L; pH 7.2~7.4
2216E 5.0 g; 1.0 g; FeP0O,40.01 g; 18.0 g; NaCl 20.0 g; 1.0L; pH 7.6~7.8
1-4 40 mg/L 100 mg/L  K,Cr,0O9,
2216E 25 mg/L
13 BHAEHETREAGL B AR 7 :
;’ s . 1.8 mL 20%
5mL , O# 1 mL 0# »—80°C
9 mL 14 > 1.4 K4 DNA &3 16S rRNA A F 44
# 200 pIL , PCR ¥ 3%
3 ; 28°C 2 3
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PCR (50 uL): 5 pL 10 x ThermoPol Tab. 2 The number of actinobacteria isolated from sponges
Buffer, 1 puL dNTPs( 10 mmol/L), 1 uL and ascidians in different isolation media
27F(704F) 1 pL 765R(1492R)(20 pmol/L), 2 pL ()
DNA(=200 ng), 1 uL TagDNA (5 U/uL) 39 uL

PCR :94°C, 2 min; 94°C, 1 min, 52°C, Ml 9 6 13 7
. : . - . M2 11 11 18 9
1 min, 72°C, 2 min, 40 ; 12°C, 10 min;  20°C M3 8 5 12 4
M4 9 8 14 3
1.5 165 rRNA A B R4 HA BiKE 5 & e o X N °
PAN PN
HH (RFLP)F 5 5 A7 51 36 80 31
16S rRNA Hhal
37C 16 h, 2.2 RFLP 9#7
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Fig. 2 Restriction fragment length polymorphism (RFLP) analysis of some representative actinobacteria isolated from marine
sponge Stylissa sp. and marine ascidian Styela plicata
A. ; B. ; M. DNA Marker 100bp; 1~46
A. Stylissa sp.; B. Styela plicata; M. DNA Marker 100 bp; No.1-46 are sample numbers
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x3 BHEBXMLE 16S rRNA EEMF5I4 4750 RFLP 547
Tab.3 Sequence and RFLP analysis of 16S rRNA gene of actinobacteria from marine sponges Mycale sp. and Stylissa sp.

RFLP ;o )

(%)
M-1-68  JX463482 3 (Microbacterium esteraromaticum) (NR_026468.1) 92
M-1-83  JX463486 7 (Streptomyces exfoliates) (NR_041229.1) 99
M-2-14  JX463502 10 (S. misionensis) (NR_044138.1) 99
M-2-46  JX463506 10 (S. daghestanicus) (NR _043816.1) 98
M-1-91  JX463487 11 (S. albidoflavus) (NR_041095.1) 99
M-1-4  JX463491 13 (S. odorifer) (NR_026535.1) 99
M-1-37  1X463479 14 (Microbacterium esteraromaticum) (NR_026468.1) 99
M-1-14  JX463475 16 (S. hainanensis) (NR_042561.1) 99
M-1-53  JX463480 17 (Arthrobacter koreensis) (NR_025665.1) 99
M-2-11  JX463501 22 (S. flocculus) (NR_041100.1) 98
M-1-19  JX463494 24 (S. variabilis) (NR_043840.1) 99
M-1-20  JX463495 24 (S. anthocyanicus) (NR_041168.1) 99
M-1-26  JX463496 24 (S. sampsonii) (NR_025870.1) 98
M-1-28  JX463497 24 (S. althioticus) (NR_043359.1) 98
M-2-53  JX463490 24 (S. griseorubens) (NR_041066.1) 99
M-1-30  JX463498 26 (Gordonia terrea) (NR_041061.1) 98
M-2-25  JX463488 27 (S. speibonae) (NR_025212.1) 99
M-2-55  JX463489 27 (Brevibacterium iodinum) (NR_026241.1) 98
M-1-5 J1X463492 29 (Nocardiopsis alba) (NR_026340.1) 99
M-2-42  JX463505 30 (S. cacaoi subsp. Cacaoi ) (NR_041061.1) 99
M-1-17  JX463493 33 (N. exhalans) (NR_028017.1) 97
M-1-17*  JX463508 33 (Nocardiopsis alba) (NR_044906.1) 99
M-2-24  JX463503 33 (S. drozdowiczii) (NR_041424.1) 98

F 4 BEHEXMZE 16S rRNA EE B FE 54 71 RFLP 547

Tab.4 Sequence and RFLP analysis of 16S rRNA gene of actinobacteria from marine ascidians Styela plicata and M. manhattensis

RFLP I ) (%)
Q-2-55 JX463458 5 (S. exfoliatus) (NR_041229.1) 93
Q-2-56 JX463446 6 (S. albidoflavus) (NR_041095.1) 92
Q-1-119  JX463455 9 (S. aurantiogriseus) (NR_041081.1) 94
Q-1-1192  JX463518 9 (S. pseudogriseolus) (NR_043835.1) 98
Q-1-96 JX463435 10 (S. exfoliates) (NR_041229.1) 99
Q-1-107  JX463436 10 (S. albolongus) (NR_041144.1) 99
Q-1-114  JX463472 10 (S. xiamenensis) (NR_044035.1) 99
Q-1-122*  JX463438 10 (S. ramulosus) (NR_043503.1) 98
Q-2-49 JX463445 10 (S. misionensis) (NR_044138.1) 99
Q-1-86 JX463432 11 (S. yogyakartensis) (NR_041416.1) 99
Q-1-118  JX463437 11 (S. malaysiensis) (NR_041410.1) 99
Q-1-54 1X463449 12 (S. malaysiensis) (NR_041410.1) 99
Q-1-99 JX463452 12 (S. schleiferi) (NR_044936.1) 99
Q-1-30 JX463448 18 (S. heliomycini) (NR_041197.1) 99
Q-1-116  JX463454 19 (S. albolongus) (NR_041144.1) 99
Q-1-106  JX463453 20 (S. flocculus) (NR_041100.1) 97
Q-1-97 JX463451 21 (Gordonia terrae) (NR_037022.1) 99
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Fig. 3 Neighbor-joining phylogenetic representation of actinobacteria associated with Mycale sp. and their closest NCBI
(BLASTn) relatives based on 16S rRNA gene sequences
Microbispora rosea SpC 090624S C ~ Microbispora rosea JK 3-4

Microbispora rosea strain SpC 090624S C and Microbispora rosea strain JK 3-4 were used as outgroups. The number at each branch points is
the percentage supported by bootstrap
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Fig. 4 Neighbor-joining phylogenetic representation of actinobacteria associated with Stylissa sp. and their closest NCBI
(BLASTn) relatives based on 16S rRNA gene sequences

Microbispora rosea SpC 090624S C  Microbispora rosea JK 3-4

Microbispora rosea strain SpC 090624S C and Microbispora rosea strain JK 3-4 were used as outgroups. The number at each branch points is
the percentage supported by bootstrap
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Fig. 5 Neighbor-joining phylogenetic representation of actinobacteria associated with Styela plicata and their closest NCBI

(BLASTn) relatives based on 16S rRNA gene sequences

Microbispora rosea SpC 090624S C  Microbispora rosea JK 3-4
Microbispora rosea strain SpC 090624S C and Microbispora rosea strain JK 3-4 were used as outgroups. The number at each branch
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Fig. 6 Neighbor-joining phylogenetic representation of actinobacteria associated with M. manhattensis and their closest NCBI
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Comparative study on the phylogenetic diversity of culturable
actinobacteria associated with marine sponges and ascidians
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Abstract: The diversity of culturable actinobacteria was investigated and compared between two sponges (Mycale
sp. and Stylissa sp.) collected from Fujian province and two ascidians (Styela plicata and Molgula manhattensis)
collected from Hainan province under the same isolation condition. Five actinobacteria selective isolation media
and one general bacteria isolation medium were selected to isolate and culture actinobacteria from both sponges and
ascidians. The phylogenetic affiliation of the actinobacterial isolates was assessed using a combination of 16S rRNA
gene amplification-restriction fragment length polymorphism (RFLP) analysis and 16S rRNA gene sequencing. A
total of 198 purified actinobacteria were cultivated, including 87 from sponges and 111 from ascidians. There are 38
different RFLP patterns and the phylogenetic analysis based on sequencing results reveal a high and distinctive di-
versity of actinobacteria associated with these two sponge species and two ascidian species, including six and seven
actinomycetes genera, respectively. The BLAST results show that two actinobacterial isolates derived from sponges
are probably novel strains whose similarity are lower than 97%, whereas there are eight isolates from ascidians re-
garded as potential novel actinobacteria. Comparing the diversity of actinobacteria associated with sponges and
ascidians, most genera from sponge are also found in ascidians except Arthrobacter. The diversity of as-
cidian-associated actinobacteria is high and cannot be underestimated. Together with sponges, ascidians are also
excellent and promising sources for novel marine actinobacteria currently under exploited for the discovery of new

bioactive marine natural products.

(AX %4 85 %)

62 /2013 /37 /7




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /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 false
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


