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Ecological Significance and Processes in Research of the
Viable but Nonculturable State in Bacteria

WANG Xiu-Juan ZHU Lin~ CHEN Zhong-Zhi Li Yu

(College of Environmental Science and Engineering, Key Laboratory of Pollution Processes and Environmental
Criteria (Nankai University) Ministry of Education, Nankai University, Tianjin 300071)

Abstract: The viable but noncuturable (VBNC) state is a survival strategy when bacteria are exposed to en-
vironment stress. The VBNC state is part of the life cycle of non-differentiating bacteria, and it has a
far-reaching impact on traditional bacteriology. Cells in the VBNC state fail to grow on the routine bacterio-
logical media, here its significance in human health and environment science are detailed. Cells entering the
VBNC state exhibit dwarfing and a number of metabolic changes in respiration rates and macromolecular
synthesis. This paper summarized the variations in DNA and protein comparing to the culturable cells. We
also discussed the ability of cells to resuscitate from the VBNC state and return to an actively metabolizing
and culturable form. Some new methods for monitoring the VBNC state were listed. Finally the future was
suggested.

Keywords: Bacteria, Viable but nonculturable state, Resuscitation, Culturability

1982 R
[1] cc cc »3
(Viable but nonculturable state, VBNC )”?, , VBNC
EE£mMH: (863 )(No. 2006AA09Z170)
*JBTAEH: Tel: 022-23504379; D<I: zhulin@nankai.edu.cn © hEREEME MR TS %EE  http://journals. im. ac. cn

Uris B HA: 2008-05-06; %5 HH#A: 2008-06-30



1939

VBNC )
, VBNC
VBNC

1 VBNC RIERTER 2L

VBNC 16

60 , (Salmonella spp.)
(Shigella spp.) (Enterococci)
(Vibrio spp.) (Campylobacter
spp.) (Escherichia coli)
(Francisella tularensis) (Helicobacter

pylori) (Campylobacter jejuni)
(Legionella pneumophila)

(Listeria monocytogenes)
(Mycobacterium tuberculosis)
(Pseudomonas aeruginosa)

(Vibrio cholerae) (Vibrio

>

parahaemolyticus) (Vibrio vulnificus)
(Escherichia coli) (Enterococcus
faecalis)
VBNC
, VBNC ,
VBNC ,
[2] [3]
VBNC )
) DNA
W (Ed-
wardsiella tarda) VBNC , 1.9 um
><1.1 um , 0.5 um
Signoretto™ VBNC
3 H
VBNC

VBNC ,
60%
VCBN )
" Muela”  VBNC
29 kD
VBNC DNA
B Micrococcus luteus) VBNC
DNA , RNA
50% ,DNA RNA
B1 VBNC
, Yaron Matthews !’ 0157 * H7
mobA  rfbE  stxl ,
Fischer-Le!'")
4.5
VBNC , Lleo
[12] .
VBNC ,
3 , PCR
Garda 50% 20  ~2000 /100 mL
, 131 Signore-
tto!'¥ VBNC
Lleo!"”!
VBNC
1O pbp( )
60%, pbp5 (el
pbp5 mRNA!

2  VBNC RZA4 MK & 75 (Resuscitation)

(Resuscitation)

VBNC ,

© FEMZFREMEIARMEATESHEL http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



1940

#od g A

2008, Vol.35, No.12

[18]

(pasteurella piscicida)

, Panutdaporn'?”’

VBNC

VBNC s

[24]

Whitesides
VBNC
10°  VBNC

<0.0001 cell/mL

8h

10 ,

VBNC

VBNC

Oliver!'®

[19]

(Legionella pneumophila)

211 VBNC
[22]
Medema VBNC
(23 ], Stern
1000 ,
, 7 h~
10° CFU/mL
6 min
(22°C)
, VBNC

http://journals.im.ac.cn/wswxtbcn

3 VBNCRZHRN J5 ik

VBNC

3.1 EF DNAHEAR

[25]

DNA VBNC Warner
(RAPD)
VBNC R DNA
DNA , DNA
VBNC
, VBNC DNA
, DNA ,
VBNC DNA ,
DNA
DNA,
—PCR(RT-PCR)
3.2 ET mRNA #HA
mRNA ,
( ) , VBNC
Lleo RT-PCR VBNC

71 Fischer-Le!'"! RT-PCR
VBNC mRNA  Hengge-Aro-
nis!** VBNC
16S-23S rDNA  rpoS
33 HEAK

Vora!?”! 4 cDNA

>

, VBNC

Heim*®

VBNC

Sachidanandham™”’

VBNC
4 VBNCRAEMEEME R ELREX
VBNC

, VBNC

VBNC

© PEMZERBEDAXAATESwELE http://journals. im. ac. cn



1941

>

VBNC
031 Makino®?! 1998
0.75 ~1.5 /mL

) VBNC
s Peneau?!
VBNC )
s Peneau
VBNC
, VBNC
VBNC
) VBNC
Lee  rubyP¥ VBNC
(Vibrio fischeri)
VBNC
[35]
, VBNC

5 VBNC REMRBIKRKEAEEE

Ravel? VBNC
JRO9H]1, ,
, VBNC
, Ravel )
VBNC , DNA
VBNC
VBNC

E. coli O157 © H7

e

=

(1]

(2]

(3]

(4]

(3]

(6]

(7]

[8]

(9]

[10]

(1]

© FEMZFREMEIARMEATESHEL http://journals. im. ac. cn

VBNC ,
, VBNC
, VBNC

% x

Xu HS, Roberts N, Singleton FL, et al. Survival and vi-
ability of nonculturable Escherichia coli and Vibrio chol-
erae in the estuarine and marine environment. Microb
Ecol, 1982, 8: 313-323.

Gunasekera TS, Soerensen A, Attfield PV, et al. Inducible
gene expression by nonculturable bacteria in milk after
pasteurization. Appl Environ Microbiol, 2002, 68(4):
1988-1993.

Oliver JD, Dagher M, Linden KG. Induction of Es-
cherichia coli and Salmonella typhimurium into the viable
but nonculturable state following chlorination of waste-
water. J Water Health, 2005, 3(3): 249-257.

Du M, Chen J, Zhang X, et al. Retention of virulence in a
viable but nonculturable Edwardsiella tarda isolate. Appl
Environ Microbiol, 2007, 73(4): 1349-1354.

Signoretto C, Lleo MM, Canepari P. Modification of the
peptidoglycan of Escherichia coli in the viable but non-
culturable state. Curr microbial, 2002, 44(2): 125-131.
Morton DS, Oliver JD. Induction of carbon starva-
tion-induced proteins in Vibrio vulnificus. Appl Environ
Microbiol, 1994, 609(10): 3653-3659.

Muela A, Seco C, Camafeita E, et al. Changes in Es-
cherichia coli outer membrane subproteome under envi-
ronmental conditions inducing the viable but noncultur-
able state. FEMS Microbiol Ecol, 2008, 64(1): 28-36.
Mukamolova GV, Kaprelyants AS, Kell DB. Secretion of
an antibacterial factor during resuscitation of dormant
cells in Micrococcus luteus cultures held in an extended
stationary phase. Antonie van Leeuwenhoek, 1995, 67(3):
289-295.

Weichart D, McDougald D, Jacobs D, et al. In situ analy-
sis of nucleic acids in cold-induced nonculturable Vibrio
vulnificus. Appl Environ Microbiol, 1997, 63(7):
2754-2758.

Yaron S, Matthews KR. A reverse transcriptase-poly-
merase chain reaction assay for detection of viable Es-
cherichia coli O157:H7: investigation of specific target
genes. J Appl Microbiol, 2002, 92(4): 633—-640.
Fischer-Le SM, Hervio-Heath D, Loaec S, et al. Detection
of cytotoxin-hemolysin mRNA in nonculturable popula-
tions of environmental and clinical Vibrio vulnificus
strains in artificial seawater. Appl Environ Microbiol,

http://journals.im.ac.cn/wswxtbcn



1942

#od g A

2008, Vol.35, No.12

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

2002, 68(11): 5641-5646.

Lleo MM, Tafi MC, Canepari P. Nonculturable Entero-
coccus faecalis cells are metabolically active and capable
of resuming active growth. Systematic and Applied Mi-
crobiology, 1998, 21(33): 333-339.

Lleo MM, Tafi MC, Signoretto C, et al. Competitive po-
lymerase chain reaction for quantification of noncultur-
able Enterococcus faecalis cells in lake water. FEMS Mi-
crobiology Ecology, 1999, 30(4): 345-353.

Signoretto C, Burlacchini G, Pruzzo C, ef al. Adhesion of
Enterococcus faecalis in the nonculturable state to plank-
ton is the main mechanism responsible for persistence of
this bacterium in both lake and seawater. App! Environ
Microbiol, 2004, 70(11): 6892—-6896.

Lleo MM, Bonato B, Benedetti D, et al. Survival of en-
terococcal species in aquatic environments. FEMS Micro-
biology Ecology, 2005, 54(2): 189-196.

Signoretto C, Lleo MM, Tafi MC, et al. Cell wall chemi-
cal composition of Enterococcus faecalis in the viable but
nonculturable state. Appl Environ Microbiol, 2000, 66(5):
1953-1959.

Lleo MM, Pierobon S, Tafi MC, et al. mRNA detection by
reverse transcription-PCR for monitoring viability over
time in an Enterococcus faecalis viable but nonculturable
population maintained in a laboratory microcosm. Appl
Environ Microbiol, 2000, 66(10): 4564-4567.

Whitesides MD, Oliver JD. Resuscitation of Vibrio vulni-
ficus from the viable but nonculturable state. Appl Environ
Microbiol, 1997, 63(3): 1002—-1005.

Magarinos B, Romalde JL, Barja JL, et al. Evidence of a
dormant but infective state of the fish pathogen Pas-
teurella piscicida in seawater and sediment. Appl Environ
Microbiol, 1994, 60(1): 180—186.

Panutdaporn N, Kawamoto K, Asakura H, ef al. Resusci-
tation of the viable but non-culturable state of Salmonella
enterica serovar Oranienburg by recombinant resuscita-
tion-promoting factor derived from Salmonella typhi-
murium strain LT2. Int T Food Microbiol, 2006 106(3):
241-247.

Steinert M, Emody L, Amann R, et al. Resuscitation of
viable but nonculturable Legionella pneumophila Phila-
delphia JR32 by Acanthamoeba castellanii. Appl Environ
Microbiol, 1997, 63(5): 2047-2053.

Colwell RR, Brayton P, Herrington D, et al. Viable but
non-culturable Vibrio cholerae Ol revert to a cultivable
state in the human intestine. World J Microbiol Biotechnol,
1996, 12(1): 28-31.

Medema GJ, Schets FM, Giessen AW, et al. Lack of colo-
nization of 1 day old chicks by viable, non-culturable
Campylobacter jejuni. J Appl Bacteriol, 1992, 72(6):

http://journals.im.ac.cn/wswxtbcn

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

© ERFRHE DRI S

512-516.

Stern NJ, Jones DM, Wesley 1V, et al. Colonization of
chicks by non-culturable Campylobacter spp.. Letters in
Applied Microbiology, 1994, 18(6): 333-336.

Warner JM, Oliver JD. Randomly amplified polymorphic
DNA analysis of starved and viable but nonculturable Vi-
brio vulnificus cells. Appl Environ Microbiol, 1998, 64(8):
3025-3028.

Hengge-Aronis R. Signal transduction and regulatory
mechanisms involved in control of the 6° (RpoS) subunit
of RNA polymerase. Microbiol Mol Biol Rev, 2002, 66(3):
373-395.

Vora GJ, Meador CE, Bird MM, et al. Microarray-based
detection of genetic heterogeneity, antimicrobial resis-
tance, and the viable but nonculturable state in human
pathogenic Vibrio spp.. Proc Natl Acad Sci USA, 2005,
102(52): 19109-19114.

Heim S, Lleo MN, Bonato B, et al. The viable but non-
culturable state and starvation are different stress re-
sponses of Enterococcus faecalis, as determined by pro-
teome analysis. J Bacteriol, 2002, 184(23): 6739-6745.
Sachidanandham R, Gin KYH, Poh CL. Monitoring of ac-
tive but non-culturable bacterial cells by flow cytometry.
Biotechnol Beoeng, 2005, 89(1): 24-31.

Brayton PR, Tamplin ML, Huq A, et al. Enumeration of
Vibrio cholerae Ol in Bangladesh waters by fluores-
cent-antibody direct viable count. Appl Environ Microbiol,
1987, 53(12): 2862-2865.

Pearson 1942D, Greenwood M, Healing TD, et al. Colo-
nization of broiler chickens by waterborne Campylobacter
Jejuni. Appl Environ Microbiol, 1993, 59(4): 987-996.
Makino SI, Kii T, Asakura H, et al. Does enterohemor-
rhagic Escherichia coli O157:H7 enter the viable but
nonculturable state insalted Salmon Soe? Appl Environ
Microbiol, 2000, 66(12): 5536-5539.

Peneau S, Chassaing D, Carpentier B. First evidence of
division and accumulation of viable but nonculturable
Pseudomonas fluorescens cells on surfaces subjected to
conditions encountered at meat processing premises. Appl
Environ Microbiol, 2007, 73(9): 2839-2846.

Lee K, Ruby EG. Symbiotic role of the viable but noncul-
turable state of Vibrio fischeri in Hawaiian coastal sea-
water. Appl Environ Microbiol, 1995, 61(1): 278-283.

Gil Al, Louis VR, Rivera NG, et al. Occurrence and dis-
tribution of Vibrio cholerae in the coastal environment of
Peru. Environ Microb, 2004, 6(7): 699-706.

Ravel J, Hill RT, Colwell RR. Isolation of a Vibrio chol-
erae transposon-mutant with an altered viable but non-
culturable response. FEMS Microbiology Letters, 1994,
120(1-2): 57-61.

2

RSP http://journals. im. ac.cn



	细菌“活的不可培养状态”的生态意义及研究进展 
	王秀娟  朱  琳*  陈中智  李  宇 
	Ecological Significance and Processes in Research of the  Viable but Nonculturable State in Bacteria 
	WANG Xiu-Juan  ZHU Lin*  CHEN Zhong-Zhi  Li Yu 

	1  VBNC状态的形成、变化 
	2  VBNC状态细胞的复苏(Resuscitation) 
	3  VBNC状态的检测方法 
	3.1  基于DNA技术 
	3.2  基于mRNA技术 
	3.3  其他技术 

	4  VBNC状态的重要性及实际意义 
	5  VBNC状态研究的未来发展趋势 

	参 考 文 献 




<<
  /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 300
  /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 300
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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


