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Isolation, identification and regulation of quorum sensing signal
molecules of Acinetobacter in Litopenaeus vannamei

SUN Xiu-Jiao ZHU Su-Qin ZHANG Cai-Li ZENG Ming-Yong"
(College of Food Science and Engineering, Ocean University of China, Qingdao, Shandong 266003, China)

Abstract: [Objective] We detected and analyzed N-acyl-homoserine lactones (AHLs) of Acinetobacter
spp. (M1) that was isolated from spoilage Litopenaeus vannamei. We also investigated the effects of
bacteria growth stages and environmental factors on activities of signaling molecules. [Methods] The
reporter strains (Chromobacterium violaceum CV026 and Agrobacterium tumefaciens A136) and TLC
(Thin-Layer Chromatography) method were used to detect and analyze AHLs activities of MI.
[Results] AHLs secreted by M1 were N-3-0x0-Ce-HSL and N-3-x-0x0-Cg-HSL. The activities of AHLs
increased first and then decreased with the prolongation of the culture time under appropriate culture
conditions, and reached the maximum in late logarithmic stage. The ability of M1 producing AHLs was
reduced by weak acid and alkalescent envirornment, the optimum pH of M1 secreting AHLs was pH
7.0. The concentration of NaCl had no significant effect on the whole ability of M1 secreting AHLs,
while high concentration promoted the ability of individual to product AHLs. The optimal temperature
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for strain M1 to produce AHLs was 30 °C, and the relative higher or lower temperature inhibited the
AHLs secretion. [Conclusion] The AHLs of strain M1 were N-3-0x0-C¢-HSL and N-3-ox0-Cg-HSL.
Quorum sensing systems of M1 was regulated by both cell density and environmental factors.

Keywords: Acinetobacter spp., Quorum sensing, N-Acyl-homoserine lactones
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Table 1 The strains and characteristics
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Source or references
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Acinetobacter calcoaceticus
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1001 Acinetobacter junii (AB860303)

100L M1

58 iflcmelobacter grimontii (AF509828)

Acinetobacter bouvetii (HQ180181)
Acinetobacter tjernbergiae (HQ180190)
Acinetobacter septicus (EF611420)
Acinetobacter calcoaceticus (JF681294)

Acinetobacter brisouii (DQ832256)
Acinetobacter nectaris (JQ771132)

3L“— Acinetobacter indicus (HM047743)

0.01

Moraxella osloensis (AB643599)

1 M1 EFHFFI# LR
Figure 1 16S rRNA-based phylogenetic tree of M1
TE: 0.01 fCRIELHE AL 2030 ERBUEICE A28 1000 IRIEER; 4557508 GenBank 535

Note: Scale bar: 0.01 is sequence divergence; Nuerals on branches are the supporting percentage by 1 000 replicates; Serial numbers in

parentheses are GenBank accession numbers.
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Figure 2 The signaling molecules of M1 was assayed by biosensor strains (CV026 and A136)

Note: A: A136; B: CV026; C: M1; D: C¢-HSL.
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3 TLC %4 M1 B9 AHLs fh3

Figure 3 TLC analysis of AHLs secreted by M1

Note: 1: C¢-HSL; 2: Cg-HSL; 3: N-3-0x0-Cs-HSL; 4: N-3-0x0-Cs-
HSL; 5: Strain M1 AHLs.
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Figure 4 AHLs activities of M1 at different growth stages
Note: A: 6 h; B: 12 h; C: 18 h; D: 24 h; E: 32 h; F: 36 h; G: 42 h; H:
48 h.
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Figure 5 Relationship between ODgy and diameters of
induced zones

El 6 pH{ES M1 4i#h AHLs iREX R

Figure 6 Relationship between pH values and
concentrations of AHL:s of strain M1

Note: A: pH 5.0; B: pH 6.0; C: pH 7.0; D: pH 8.0; E: pH 9.0; F:
Negative control.
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Figure 7 Influence coefficient between pH values and
AHL:s of strain M1
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2.43 SREX M1 45 AHLs B9 M1 7EAH
TR E B SR IR FIAAE ODgoo I, 436 AHLs RE J1AN[A]
(1 10), 7£30 °C ARk, 3o sl (I B AR 2
il M1 431 AHLs .37 °C H. 20 °C F142 °C 43 AHLs
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37 °C F 20 °C H1 42 °C HIEH M1 A K,
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8 NaCl%5 M1 53 AHLs K& X5

Figure 8 Relationship between NaCl% and concentrations
of AHLs secreted by strain M1

Note: A: 0.5%; B: 0.7%; C: 1.0%; D: 2.0%; E: 3.0%; F: 4.0%; G:
5.0%; H: Negative control.
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Figure 9 Influence coefficient between NaCl% and AHLs
of strain M1
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Figure 10 Relationship between culture temperature and
concentrations of AHLs of strain M1

Note: A: 20 °C; B: 30 °C; C: 37 °C; D: 42 °C; E: Negative control.

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

1.400
1.200 |
1.000
Q‘% 0.800 -
S 0.600 +
0.400 -
0.200 L
0.000

0 3 6 9 12 15 18 24 30 36 42 48
S |
Culture time (h)

1 Ml AERERETHEKHLZ
Figure 11  Growth curves of strain M1 at different
temperatures

3 it

ANSIFF R HECH DL 25 RO TR 22—, LA
SRR . BERRES AN AT R AR AR R T 5 |
L BEAEShY | K 7 IR S A A A e
KEEA S B HA BN AL . P AHLs /-
PR 22 B BT A B SR N MLA (Lux I/ LuxR) B 2 H
HTE ) 258 o AEAFR P EAT S LuxUR [
Abal/R JAEIE RN RS EIEAR S T e LE
17, BT BB BAT 2t
SRR I TR R P ERE o H R R
JE N T AS B A B BOR MR a4 —
FHr 24 H99ATT 7k o Saroj 25 1) FH IV I v 38 1) e
2 (Streptomycin) A SFF B A JRFE SR Abal (H 1A
BRY G ) A1S-0112 AR TR, M T
A BN, [ R T B B8 sk, BRI T 20k
PENS Stacy 2Nk BUAMER I AEA TR E 5001
(OH-dDHL) AT 50 LuxR BIFER 3K, ASCMNE
W) FLEA XTI R Ay B ) ML BB 45 TR AR
A136 JE31 QS &%5. XF M1 43 AHLs 31 /124534
TR R BE 5 AHLs i S IEAHSE, RUIREA
TN HAT B O . AR SCRIAE S ML AR
AHLSs 25715 N-3-0x0-Cs-HSL 1 N-3-0x0-Cs-HSL
AHFFRMEE L, ZHORIFF R4 —F L L
i) AHLs?",

ARSI IR ST T8 LRI DR 256 i R S AN



PN AT PLAATERS SRR B I AR AN (55 20770 1 2 L 443

FFE M1 BRI R R, P9 &30, M1 78
MRS, AHLs B2 00 52 B3 BE AR
RS T, AHLs 43037 B 1A% B FIOREE R 2 1
WP, HASSHFF RN AF T 430 AHLs fE
T8 AT BE AR M1 HLAS ATERA T
fEAES, Bah Abal KK, KESMES ST
AHLs, 4§ AHLs 340 % —@ WG 4Py AbaR
JEZ N, R SRk, R BIRY A B E M,
AR SCHRGEIREE [ Z X M1 43 AHLs 19520, &
WIS AT INBAFGREE . pH . FRETRED)XT M1 B
AR r= A AU ) SR AR VR, T R B0
Peo HHAWGSRAML, ZEEAR%. fiff. 5
PRVESE S . AR 2 R i P38
AR ORI 5 U R DC R AT, DAROAEE 4%
PFJE$E M1 43 AHLs B S0 75 20— 00158
AR S50 1 U R I RAS M QS Sl
B O TR B BUR TERR AL TR

5 & X W

[1] Miller MB, Bassler BL. Quorum sensing in bacteria[J]. Annual
Reviews in Microbiology, 2001, 55(1): 165-199

[2] Sifri CD. Quorum sensing: bacteria talk sense[J].
Infectious Diseases, 2008, 47(8): 1070-1076

[3] Fuqua C, Parsek MR, Greenberg EP. Regulation of gene
expression by cell-to-cell communication: acyl-homoserine
lactone quorum sensing[J]. Annual Review of Genetics, 2001,
35:439-468

[4] Sturme MHJ, Kleerebezem M, Nakayama J, et al. Cell to cell
communication by autoinducing peptides in Gram-positive
bacteria[J]. Antonie Van Leeuwenhoek, 2002, 81(1/4): 233-243

[5] McGuirk P, Higgins SC, Mills KHG. Regulatory cells and the
control of respiratory infection[J]. Current Allergy and Asthma
Reports, 2005, 5(1): 51-55

[6] Waters CM, Bassler BL. Quorum sensing: cell-to-cell
communication in bacteria[J]. Annual Review of Cell and
Developmental Biology, 2005, 21: 319-346

[7] Nealson KH, Platt T, Hastings JW. Cellular control of the
synthesis and activity of the bacterial luminescent system[J].
Journal of Bacteriology, 1970, 104(1): 313-322

Clinical

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

Zhang HB, Zhang LH. Genetic control of quorum-sensing signal
turnover in Agrobacterium tumefaciens[J]. Proceedings of the
National Academy of Sciences, 2002, 99(7): 4638-4643

Latifi A, Foglino M, Tanaka K, et al. A hierarchical
quorum-sensing cascade in Pseudomonas aeruginosa links the
transcriptional activators LasR and RhIR (VsmR) to expression
of the stationary-phase sigma factor RpoS[J]. Molecular
Microbiology, 1996, 21(6): 1137-1146

Lopes JM, Goulart EM, Starling CE. Pediatric mortality due to
nosocomial infection: a critical approach[J]. Brazilian Journal of
Infectious Diseases, 2007, 11(5): 515-519

Roussel-Delvallez M, Wallet F, Delpierre F, et al. In vitro
bactericidal effect of a P-lactam+aminoglycoside combination
against multiresistant Pseudomonas aeruginosa and Acinetobacter
baumannii[J]. Journal of Chemotherapy, 1996, 8(5): 365-368
Bhargava N, Sharma P, Capalash N. Quorum sensing in
Acinetobacter: an emerging pathogen[J]. Critical Reviews in
Microbiology, 2010, 36(4): 349-360

Rice SA, Koh KS, Queck SY, et al. Biofilm formation and
sloughing in Serratia marcescens are controlled by quorum
sensing and nutrient cues[J]. Journal of Bacteriology, 2005,
187(10): 3477-3485

Ravn L, Christensen AB, Molin S, et al. Methods for detecting
acylated homoserine lactones produced by Gram-negative
bacteria and their application in studies of AHL-production
kinetics[J]. Journal of Microbiological Methods, 2001, 44(3):
239-251

Shaw PD, Ping G, Daly SL, et al. Detecting and characterizing
N-acyl-homoserine lactone signal molecules by thin-layer
chromatography[J]. Proceedings of the National Academy of
Sciences, 1997, 94(12): 6036-6041

Xia F, Liang LG, Hong W, et al. Phenotypic and molecular
characterization ~ of  Acinetobacter  calcoaceticus  in
allogynogenetic ~ Carassius  auratus[J]. Oceanologia  Et
Limnologia Sinica, 2013, 44(3): 801-806 (in Chinese)

HR, A, Wi, 4. 5 HU(Carassius auratus) IR AR
BB R R T K oy M8 (0], VS IIE, 2013, 44(3):
801-806

Clemmer KM, Bonomo RA, Rather PN. Genetic analysis of
surface motility in Acinetobacter baumannii[J]. Microbiology,
2011, 157: 2534-2544

Saroj SD, Rather PN. Streptomycin inhibits quorum sensing in
Acinetobacter baumannii[J]. Antimicrobial Agents and
Chemotherapy, 2013, 57(4): 1926-1929

Stacy DM, Welsh MA, Rather PN, et al. Attenuation of quorum
sensing in the pathogen Acinetobacter baumannii using
non-native N-Acyl homoserine lactones[J]. ACS Chemical
Biology, 2012, 7(10): 1719-28

Gonzalez RH, Dijkshoorn L, Van den Barselaar M, et al.
Quorum sensing signal profile of Acinetobacter strains from
nosocomial and environmental sources[J]. Revista Argentina De
Microbiologia, 2009, 41(2): 73-78

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [754.016 1065.827]
>> setpagedevice


