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, C6-HSL C8-HSL C14-HSL ,
3  AHLs 100pg/ml
GC-MS :
! Agilent HP-5MS (30mx*250pumx0.25pum);
1.1 s Iml/min;
200°C; 280°C :
, 61 150°C, 25°C/min 280°C, 3min
(marine both, MB), lul, (150 1),
5.0¢g, 1.0g, 0.01g, (SIM)m/z143 70eV,
1L, pH 7.6—7.8, 121°C, 15min 230°C, 150°C
1.2 15
2ml, 5000r/min 11 ,
, 3, PCR 16S rRNA , Blast ,
( , 2006), Iml GenBank )
1.3 CTAB DNA
(Hentschel et al, 2001) 16S rRNA PCR
107" 107 107 . 27F(5'-AGA GTT TGA TCC TGG CTC
200pl 1/5 MB ) AG-3") 1492R(5'-ACG GCT ACC TTG TTA CGA
; 25°C CT-3) PCR (50ul) : DNA ; 27F
> ) 10pmol; 1492R 10pmol; dNTP (2.5mmol/L) 4ul; 10x
1/5 MB , buffer (Mg®") 5ul; Taq  (2mol/L) 0.5ul; 37.5
MB , 4°C ul PCR :94°C, 5min; 94°C, 45s, 56°C, 1min,
1.4 72°C, 2min, 31 ;:72°C, 15min PCR
141

AHLs (Ravn et al, 2001) AHL
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,KYC6 Al136
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, 25°C (150r/min) 7d

8000r/min 10min , 125ml
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GenBank
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GenBank, Bioedit
Mega GenBank
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POMEXTER
Agrobacterium tumefaciens A136
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paME
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1

Fig.1 Marine microalgae associated bacteria with quorum sensing system screened by biosensor method
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Tab.1 Molecular identification and signal molecules of microalgae associated bacteria with quorum sensing system

( ) ( ) (bp) (%) C6-HSL C8-HSL Cl4-HSL

CMHK-1 (JQ675538) Rhodobacteraceae bacterium CSQ-8 (EF512131) 1345 99 - + -
D04-1 (JQ675539) Bacillus sp. HY21 (HM579812) 1455 99 +

HA-1-1 (JQ675540) Sulfitobacter guttiformis R16 (AB607871) 1367 99 -

HA-1-2 (JQ675541) Marinobacter hydrocarbonoclasticus 1446 99 -
NBRC103161 (AB681969)

KM-4 (JQ675543) Marinobacter hydrocarbonoclasticus 1415 99 +
NBRC103161 (AB681969)

L28-1 (JQ675544) Rhodobacteraceae bacterium CSQ-8 (EF512131) 1341 99 -

PD-2 (JQ675545) Rhodobacteraceae bacterium CSQ-8 (EF512131) 1345 99 -
PM-3 (JQ675546) Sulfitobacter guttiformis R16 (AB607871) 1350 99 -
PMIK-2 (JQ675547) Stenotrophomonas sp. FF1 (JN987861) 1436 99 -
ST-K-5-2 (JQ675548) Sulfitobacter guttiformis R16 (AB607871) 1367 99 -
IN-1 (JQ713184) Rhodobacteraceae bacterium CSQ-8 (EF512131) 1320 99 -

+ o+ o+
|

+
+

+ o+ o+ o+ o+ o+
[

Staleya guttiformis R20(AB607874)
Staleya guttiformis R16(AB607871)
Sulfitobacter sp. PIC-69(AJ534239)
Syulfitobacter sp. PIC-74(AJ534242)
Sulfitobacter sp. PIC-74 (AJ534241)
ST-K-5-2(JQ675548)
PM-3(JQ675546)

HA-1-1(JQ675540)
100

Tropicibacter sp. C02(NR041596)

Salipiger sp. PR55-4(EU440999)
Rhodobacteraceae DG1289(DQ486502)

o-proteobacteria

100] PD-2(JQ675545)

CMHK-1(JQ675538)

Rhodobacteraceae bacterium CSQ-8(EF512131)
Ponticoccus litoralis CL-GR66(NR044174)
L28-1(JQ675544)

JIN-1(JQ713184)
71 Bacillys subtilis ANctcri3 (HQ286641) —

38 Bacillus sp. HY21(HM579812)

100
| D04-1(JQ675539)
Bacillus spbtilis subsp KTH-61(HM854250) -

Gram'

Stenotrophomonas maltophilia 5633(HQ185400) ___
Stenotrophomonas maltophilia k279a(AB194327)
Stenotrophomonas sp. FF1(JN987861)
PMIK-2(JQ675547)
KM-4(JQ675543)
Marinobacter hydrocarbonoclasticus NY-9(JN903903)
HA-1-2(JQ675541)
100 | Marinobacter sp. EM494(GU223380)

Marinobacter hydrocarbonoclasticus NBRC103161(AB681969)

0.02 Marinobacter sp. 2M3(AB435645)

100

100

y-proteobacteria

3
Fig.3 Phylogenetic analysis of microalgae associated bacteria with quorum sensing system
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Tab.2  Algicidal activity of metabolites from microalgae associated bacteria against six red tide microalgae (IR, %)
S. trochoidea P. donghaiense P. globosa Thalassiosira sp. H. akashiwo A. tamarense
KM-4 12.04£3.29 11.28+2.34 10.68+0.71 12.30£1.29 9.19+0.83 32.54+9.15
PMIK-2 11.67+4.08 53.47+0.93 21.3242.67 44.534+0.45 96.11+0.14 7.16£1.79
HA-1-1 7.04+4.72 6.89+£1.97 7.97+1.13 6.27+1.17 48.75+£5.15 27.14+1.29
PM-3 15.434£3.20 6.50+1.53 73.95+1.24 60.00+0.09 98.11+£0.09 15.2245.96
DO04-1 6.13+4.79 61.32+4.11 70.85+0.82 8.04+0.63 96.88+0.30 10.80+5.45
HA-1-2 8.01+£4.75 33.25+1.08 58.01+£0.49 0.67+1.56 94.67+0.09 12.30£5.47
L28-1 11.29+3.92 14.92+3.56 3.68+0.40 45.65+1.20 98.12+0.12 8.89+2.99
ST-K-5-2 14.62+1.74 3.53+1.01 89.68+0.13 69.40+0.67 98.32+0.10 15.31+9.37
JN-1 16.40£3.98 10.11+3.77 69.23+0.42 60.16+0.27 96.48+0.48 17.75+4.26
PD-2 10.48+2.99 51.62+2.09 47.06+1.70 43.06+2.68 39.05+2.12 18.80+2.78
CMHK-1 6.61£3.57 4.18+1.70 13.56+0.46 55.11+0.79 86.64+0.85 25.79+1.14
43 AHLs , ,
Marinobacter AHLs Tait (2009) ,
AHL . R R B
LC-MS ?{Uﬁ’f % B 1% % % #7 M £ K5 Robert McLean ##%
’ WA A M BB E AR, EEGAHL.
Sulfitobacter C4-HSL  C8-HSL

1 4 : Rhodobacteraceae Bacillus Sulfito-
bacter Marinobacter Stenotrophomonas,
C8-HSL, AHLs,
Stenotrophomonas
R s Fukami (1992)
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nagasakiense ,

Chattonella antiqua Skeletonema co-

statum 11

(Dinophyceae),

, HA-1-2 PD-2

, , 2005.
, 29(4): 665—671
, , , 2006.
, 24(4): 511—518
, , , 2002.
, 22: 2063—2070
, , 2003.
,27(3): 291—295
, , ,2008. NJ6-3-1
, 48(4): 545—550
, , , 2010.

, ,32(5): 135—143
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mone variants. Molecular Microbiology, 44(6): 1561—1573
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Abstract

Two hundred and six associated bacteria strains were isolated from marine microalgae. The bacteria with

quorum sensing system were screened by biosensor method. And the identification and phylogenetic analysis of these bac-

teria were carried out by molecular method based on their 16S rRNA gene. Acylhomoserine lactones (AHLs), as the quo-

rum sensing signals, were detected in the extracts of bacteria strains with quorum sensing system by gas chromatography

mass spectrometry (GC-MS), as well as the algicidal activities were analyzed by viable cell fluorescence detection method.

Results showed that 11 among the 206 strains had quorum sensing system and they belonged to three phylogenetic

branches: a-Proteobacteria, y-Proteobacteria and Gram' bacteria. GC-MS analysis showed that all of the 11 screened

strains contained the quorum sensing signal of C8-HSL, and some of them also contained C6-HSL and C14-HSL. The al-

gicidal activity study showed that 9 strains had inhibition effects in different degrees against four red tide microalgae in-
cluding Prorocentrum donghaiense, Phaeocystis globosa, Thalassiosira sp. and Heterosigma akashiwo.

Key words Microalgae associated bacteria,

Quorum Sensing,

Acyl-homoserine lactone, Algicidal activity



