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1
1.1
(30°45'N  117°42'E
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1.2
(g/L) NaCl0.5g (NH,),S041.0¢g
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1000 ml pH 7.0
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NaCl 0.1 g 05¢g 1 000 ml pH 7.2
PCR
DNA
1.3
20 g (]
CuSO,4 20 30 50 100 mg/L
3
Cu 100 mg/L
24 h 4°C
1.4
Cu [12]
Buchanan  Gibbons!"!
1.5
LB
10 100 mg/L 3
2% LB
30°C 200 r/min
24 h
1.6
DNA CTAB
1415 Flea Fwl7a DNA
16S rDNA 5'-AGAGTT-
TGATCCTGGCTCAG-3' 5-TACCTTGT-
TACGACTT-3' 16S rDNA
(TianGen )
pMD19-T (TaKaRa )
DH5a X-gal(40 pg/mL)

IPTG(40 pg/mL) Amp(100 pg/mL) LB

GenBank(http://www.ncbi.nlm.nih.gov)
Bioedit Mega3.0
Kimura2-Parameter
Distance Neighbor-Joining
1.7
CuCO;

(500 mg/L CuCO3)  30°C 60 h
10 000 r/min 5 min Cu
pH
2
2.1
Cu
48
Cu(CuS0,) 40
CuSO,; 100 mg/L
Cu 40
( 500 mg/L CuCOs3) CuCOs;
13 Cu
6 Cu
Fl6a Cu Fwl7a
2.2
Fl6a Fwl7a 1

Fléa V.P. MR Fwl7a
Fl6a Fwl7a
2.3
3 8 Fl6a
Fwl7a
Fwl7a
2.4
Fl6a Fwl7a DNA
16S rDNA PCR
Fl6a 16S rDNA 1 400 bp Fwl7al6S
rDNA 1399 bp GenBank
GQ247734  GQ247733 2
16S rtDNA GenBank 16S rDNA
Blast Fl6a
Fwl7a
16S rDNA
NJ | 2
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*F1

EHE Fl6a 1 Fwl7a BRI E RS

Table 1 Colony and morphology characteristics of strains F16a and Fw17a
Fl6a Fwl7a
(pum) 2.0~28 1.0~1.7
(pum) 0.6~1.0 0.5~09
G G

F 2 ¥k Fl6a 1 Fwl7a B9 B4 (L 451E

Table 2 Physiological and biochemical characteristics of

x3 EMMERN TR RS

Table 3 Antibiotic tolerance of Cu-resistant strains F16a and Fw17a

Cu-resistant strains F16a and Fw17a Fl6a  Fwlla F16a Fwila
Fl6a Fwl7a Fl6a Fwl7a - - ~ W
(V.P) - - - _
(M.R) —
W o 2.5
CuCO;
pp— - Py Fléa CuCOs
( 3B) Fl6a Cu
39 Buttiauxella izardii” AJ233404
21 Enterobacter amnigenus T AB004749
Enterobacter kobei© AJ508301
Enterobacter aerogenes T AB004750
89 Raoultella planticola” AF129443
Kluyvera cryocrescens™ AF310218
Kluyvera intermedia™ AF310217
Kluyvera intermedia T AF047187
Citrobacter braakii ™ AF025368
— Citrobacter murliniae™ AF025369
Citrobacter freundii ™ AJ233408
Citrobacter werkmanii© AF025373
Klebsiella oxytoca™ Y17655
4’78{— Enterobacter hormaechei * AJ508302
Enterobacter gergoviaeT AB004748
17 [ Enterobacter sp. F16a GQ247734
32 Enterobacter asburige™ AB004744
61 Enterobacter cloacae” AJ251469
85 Klebsiella pneumoniae™ Y17656
2 Serratia liquefaciens”™ AB004752
—
0.002
Bl 1 EFE# F16a 16S rDNA FHIHIRE S
Fig. 1 Phylogenetic analysis based on 16S rDNA sequences of Cu-resistant strain F16a and related species
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39 Pseudomonas marginalis™ 776663
74 Pseudomonas rhodesiae” AF064459
26 Pseudomonas grimontii* AF268029

Pseudomonas veronii' AF064460
7 4|
51

Pseudomonas sp. Fw17a GQ247733
Pseudomonas orientalis® AF064457

36 63 Pseudomonas antarctica® AJ537601
98

Pseudomonas meridiana” AJ537602

Pseudomonas extremorientalis' AF405328

25 Pseudomonas poae”™ AJ492829
95

Pseudomonas trivialis® AJ492831

Pseudomonas palleroniana™ AY 091527
55

Pseudomonas costantinii® AF374472

64 Pseudomonas migulae™ AF074383

Pseudomonas lini” AY035996

. 84 Pseudomonas proteolytica™ AJ537603

Pseudomonas brenneri© AF268968

61 Pseudomonas cedrina” AF064461

85 Pseudomonas libanensis™ AF057645
96

Pseudomonas gessardii” AF074384

58

| —
0.001

&2 ETHF#k Fwl7a 16S rDNA BB LS4

Fig. 2 Phylogenetic analysis based on 16S rDNA sequences of Cu-resistant strain Fw17a (B) and related species

101 -
@) 122 ®)
~ 1 r a
8 a a
- - é} 120 F L
ED-' 6- b 1 100
B - <§ 80
i’jﬁ 4r 2 eof
# L
2+ 4 40 b
20 ©
0 1 1 ] 0 1 1 ]
CK Fl6a Fwl7a CK Fl6a Fwl7a
JEst7S JEst7S
( P<0.05 )

3 BIKEHFEETEH Fl16a 71 Fwl7a 3 Ei&& & pH(A) K Cu S EB)8IEME
Fig. 3 Effects of F16a and Fwl7a on pH value (A) and concentration of water-soluble copper in supernatant (B) of liquid culture
containing 500 mg/L CuCO;

300% Fwl7a holderia) (Pseudomonas)
Cu 60% (Xanthomonas) (Enterobacter)

Fwl7a Cu 3A [16-20] Cu
Fl6a pH 7.48 Cu Fl6a Fwl7a

5.07 Fl6a 16S rRNA

Fwl7a Cu
pH
Cu

3 Fl6a Fwl7a Cu 500 mg/L

(Burk-
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Isolation and Biological Characterization of Two Copper-resistant
Bacteria and Their Solubilization of Copper Carbonate

WANG Gui-ping, GUO Ming-zhi, CHEN Ya-hua, SHEN Zhen-guo, XIA Yan"
(College of Life Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In this study, Cu-resistant bacteria strains F16a and Fw17a were isolated from Cu-contaminated soil in copper

mining wasteland, the strains F16a and Fw17a were identified preliminarily as Enterobacter sp. and Pseudomona sp., respectively,

based on their morphological, physiological and biochemical characteristics and 16S rDNA sequences. The strains Fl6a and

Fw17a exhibited the resistance to ampicillin and ceftazidime, and moreover, Fwl7a was also resistant to chloramphenicol,

tetracyclin and lower concentration kanamycin. Fl6a significantly increased the concentration of water-soluble copper in

supernatant of liquid N-containing medium with 500 mg/L CuCOs;, the concentration of water-soluble copper in supernatant was

increased by 300% of water-soluble copper concentration in control. However, Fwl7a decreased the concentration of

water-soluble copper in supernatant by close to 60% compared with the control under the same conditions.

Key words: Cu-resistant bacteria, Biological characteristics, Solubilization




<<
  /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


