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HAEERAEHRTAN. FRE R ON-1EMEIE R, 554 FBHLAHHLY & 5 NJ-
IE K% —2, E27Thetk 2| EMEI B LuxRE XK, AL ZF VR T LBEERAH. £
AREEH. EF. AR FhhE FSF Rk, HAE27T-30hm ERNEME Rk, BH#
QOseBE27~30 h)3 3 & 3k, 48 hif 3k | U& (4, T Ak 7] 8 45 LuxS3 B & 3% — F A& TR AF R
A; OQFFHAFERIERE ref, MEEAHLsE S0 FTHted, /R TFHXEERSE
EHEEFETHE,; LuxRRAZIH, LuxSE36hEf KX ERF L, K®MOseBEF %k
#; QAHLsSRIAEFEFRTHEEBR M. HRX XYW, FRAAFRIWHNI-1F 5B FHX
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KRR KR EME; FRATE; BERE; FHET

FESHES:Q786; S917.1

W& 7K S P M 1R (Aeromonas hydrophila) e #5 %L
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TRV, CHErY N 45 2 AR E
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Hem). S J& % (aerolysin, Aer). %7 % (cytotoxic
enterotoxin, Act)L S i [} 2 (adhesin, adh) 41 7% & Fl
RIMS)ZHE A, XL 718 FAR N AH
HPE, PRAEEMERN, I ROV A, VR
A& V] (quorum sensing, QS) ¥4 £ 4t 1Y 52 M ¢,

A IR 07 2 4 1 3 o 7™ A PT B /N o
H % S ¥ (autoinducer, AT)EE N 40 g 7 14 2% Ji&F AR
b, AT HEAT JE PR 3 iR 4 0 AR B AT AT R
i, PEARR R A 3B AL QST T B, 2
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BHL)FIN-C Bt HE -7 22 & RN B (N-
hexanoylhomoserine lactone, HHL)H 2515 570 T,
HERGhEE, B8 — 2 BEE S 4NN
2R A I B0 A2 R (LuxR), DT sl 41
il bR 5 DR 2 s, VR TR R R A . VA
oy RGBSR SR EAE S RS K
BEINIR — R (AL-2) 45, JE A e, Ho
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B (LuxS)2 S5 4L & ML AL-2, LuxSH:F 2875 5 v
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300 Ko % 4R 40 %

3 I W R AT BN, i — AR i Qse B 2 A
W ARBERR AL, WE K TE QseBZE AL bk A My JiE
Eae i dgaR, EAMMANGERREEBAT
K, Fisbis gt T e,

ZEFRHT B (Bacillus sp.)VE R £ A= B TT £ /55 95 5
0 28 X7 I 7K ASCBRB TE A A E fR  R — et aR
ZEAOFT I E B X H A R L RO E R
WTHAE R E R R, BAAE MR E
SRR A HLEN T, R, A SR 0l i
B 37 T BUWE S 20 JFT T8 (V2R FEFF R 1R X 5%
MK S REINI- 18 ) R R A e, HE L
X B R R 45 5 A [R] QS B AR B T LE AH G HE
R — 03 e QS A % A4 B KT S I 1 R v 24
E IS S

R U E SRS RES

1.1 ERRIEFEE

g 7K B B NT- 1 B8 B0 (Carassius auratus)
s, e ARl K 2 X K S 2 I AL
ZEAIFT B R 1 B K P9 ¥ (Salmo salar)fiE",
iR 2 B K22 Lone Gram#Z #Z#241t, 559 & 14
LB FRH£25 °C, 200 r/minid B HE 5
1.2 SRR R

I R T A 1 I KB R T N - LR 2 RLFT T
RITTIEE10° cfu/mL, 435K 3 2F B 2647 1075 46
JERRE, HA410° cfu/mLEERN 3 A 5200 mL
LB LEEIER N o 5250 15 X FRZH (ND- 135 57 4)
AL HZH (NJ-1+R1EE B F2 40, Bk« 1),
B HEBE 34T, 25 °C. 200 r/min R 5 5%,
SWITF2. 4. 6. 8,10, 12, 14, 16, 18, 20,
22, 24, 27, 30, 36. 48F160 hHL2 mL}% 3,
P HLS00 pL 1047586 B 76 B 5 I LBAR, 25 °CH;
Fr48h, OV ERIRE L, HAREEFRE-80 °C
1.3 E5 9 FERKLC-MSHE N

1.2 mL B3R B FR WA T 12 000 r/min .0
5min, W mLE.0 R FIEWR, A2 mLER
TR BE(F0.5% M HR), R4 15 min,
HTZER#HE10 min, W15 mL F7ER, 7+
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40 °CHIE Im S A X PR BEAT 2E L, AT
0.4 mL 40%Z. 12 2. 1i& /60%12 1k 1 22 B 7 7K (1%
W), IR AR HE i C4-dS-HSLAE H &k i Ny
10 pg/mL, 20 °CIRFF#H o

HPLC-MSH: il 2 45}y Agilent 1290 Infinity
LCHK H Agilent 6490 = 2% R EKLC/MSK Il 5 . (1
WA B H N Agilent Poroshel 120 Phenyl
Hexyl 2.7 um; 2.1 mmx100 mm; R 2hAH . H -
IKAAFRELSO0 = 50), HEATRREEDREL, P03 mL/min,
FEVRA40 °Co RS ESI(H)E TR, WiEH
JE: 314 kv, BUEFIEEE: 300 °C, B 1R
BE. 100°C, HEfLELE: 30V, &HiE: 6L/,
T AT B v 70034 220.45 A7 HUAS i 08, B FE
HBM1 pl,

14 SHEREKQSHIEERERIA

H500 pLIfFEW, B0 7 LIEW, AT mL
TRIzol, RMIZIYR%H 15 s, ZERES min, A
0.2 mLEMy, HEIZIIRZ15s, ZHECE 3 min,
4°C 12 000 r/min®.0>15 min, HU EEW, SRJ5m
A0.5 mL5 N B, % CE 20 min, 12 000r/min
B0 15 min, FH75% FEVEERNADLNE, &/ N
A 50 puLIGRnase7K , 1.0%350 i b F, ko ez 0 42 o
1w, Eppendorf{fl & A% B A I AUE EHRNA, B pg
RNA, %I TIANGEN Fast Quant cDNAIR 7| & ik
frcDNAJ#% .

PN BPCRI WK R K720 uL, 10 uL SYBR
GREEN mastermix, 0.5 pmol/L5|%), 0.5 uL
cDNA, H A ddH,O0%h5F . L0 & &k H3 4
PCRY" #49%, 95°C30s, WiZEfE, 95°C30s,
60°C30s, 72°C30s, 40PMEHR, RINV4EH)E,
G 7 ) 0 o IR T 0 0 R S . &R
S ILFRL, LLFED A1 i B-subunit(B-subuni) Fll
PEARZR (cpn6OWER NS, R HIp—AaC Jr i 4b 3
1.5 FHEFERIERESS T

W2 A EEZ . CKARBRAH (449 510 pmol/L
BHLIA ) & TAEFE2H (10 wmol/L BHL A 2 #1#1 &
R1FLHEFE), 25 °C 555, 12 hiN 42 hltk:, 4%
S5 % T SBORE it 3647 2 B0 38 4 LC-MSH I BHL 75

=X
Ho
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xz1 &itsl
Tab.1 Primers used in this study
B3| E2 Fr 41
gene name sequence
Y RE A Ser F GCGTGCAGGGTCAGGGCAT
serine protease (Ser) Ser R CGGATCGGTCGGGGTGGGG
4B E A MepA F CACCAACACCCAGAAGAGCGACAT
metalloprotease (MepA) MepA R AGGCACCAAACCAGCTGCGATAAC
NEFEE ActF CGGCTATGATGTCACCCTGCGTTAC
cytotoxic enterotoxin (A4ct) ActR TCGATGGAGAGTTCGGTTTCCCCT
HIBE Aer F GCTATGATGTCACCCTGCGTTACG
aerolysin (4er) Aer R GATGGAGAGTTCGGTTTCCCCTAC
MyEZ Hem F CAAGGGGTTCGTGCCGAATCTGG
hemolysin (Hem) Hem R ATGGGGCGGATGTTGACCGAGGAG
T i ity LipF GCCGCTGAATCCCTCCTCCTAC
extracellular lipase (Lip) LipR TGCTGCCGACGTTGTTCTTGTAG
Lux§ Luxs F GCAGACCCCGAACAAGGACACC
Luxs R CACGCATGAAACCGGCAAACAG
LuxR LuxR F TGATGGGGTTGGCGGCGGAGTT
LuxR R CAGGAGAGGATGGGCGAGGACT
OseB QSEBF CCAGTCTTCCCGCATCACCAAC
QSEBR GAGCTCCCTGTCCTCTCCCCGC
{2 e it B-subunit F GTGCGTGAAGGTCTGATTGCCGT
gyrase B-subunit B-subunit R GCTTCTCACCCATCGCCTGTTCG
PEEE A cpn60 F ACCGTGGCTACCTCTCCCCCTAC
chaperonin cpn60 R TTGCCCGCCTTGGCTACGCCTTC
T otocultins 4. hooh
3 noculture 4. fivdrophila
L6 B ~ S
g N — ultu . hydrophila
KO I SPSSI13. 08 AT J7 22507, b 5 1 0. it
- . . N e R 1 coculture Bacillus sp.
I3 AR Turkey HE AT 2 8 I, W F MK PR = o]
— =
P<0.05. ES ¢
5 ©
=
s 7
2 4 35
=3 6]
e
S o
2.1 REKSBEBEEN-1SFHRTFERIZEE S 7
4 gl 02 4 6 81012162024303648 60
BEFRUE H)/h
AR LR 5. 0~4 hiRZEH], 4~12 hi§4L culture time
1, 12~36 hFARI, 36~60 hig T-HI(&1), 2 B 1 MEKSEBMENI-FS AT BRI K%
Jeen 2. I = i 2Ok . ;
FF R R 85 55 8 52 ) W8 7K PR R NT- 142 KR Fig. 1 The growth curve of A. hydrophila NJ-1 and
%, HFEMFERIASEK BT, Bacillus sp. R1
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22 MREKSBEENI-IESS FE~HLZ

g K S PR NT- 17245 54> T BHLAIHHL,

HorP BHL 23 35 FHHL(E 2) . W 7K /< 8 i B
Nmiﬂﬁﬁﬁ,fmmw&xLQWme
W, ARSI R {E 54> T BHLIEAE, 6~16 hit 2k
WK, 16~36 hilt 21836 K | 36~60 hitf 22 T %4
B (550 THHL™ &7 A KAl B bt 22 30 4 A
R, W KSR T ND- LR 25 F AT R R 1 3L 15 95
i, AN 6~24 hp A6 £ R & BHLATHHL

23 MEXSBEHENI-IGEFEGHTSHE
FEARQSIHE B X AT R EARIAKE

BN F I MepA . Ser. ActMHem3Rik3
P AH R A, BIVAE S 3R 10~14 his FE R %35 &
EREHIK, 16~24 hif 22 TR H, 27 hifix
FERRIRIKE X 2 BB 3) WA K
WIE, MepA. SerFMlHemfE27 hith & ik K-t 5
(BHLFﬁEiZHﬂ“I‘Eﬂ SARIN R IE(H), 36~48 hitf I
RFE YRR TR, derfr8~30 hikik
KR TR # e, 30 hinf ik B 0E{E , RIGTE
36~48 hitf F ik T FE; M43 W AU R 1Dy il 55 A
(Lip)TE8~27 hil} IR IKF-HAIK, 30~60 hilf FKikK
S8 ETF, 60 hinf ik # (A
55 1 (PP N QS I 445 3 [ AT-152 1R 2R 1 56
Lux RYE8~14 hitf FRiK/AK P a8, 10 hitf 2. 3%
TR, 12 hi R BT, 14 hif R TR,
14~24 hE R BRE, 4EFr7E8 hid £k K-,
27~36 hF ik B % 8, 30~36 hitfik B, i

—— 4l

monoculture

Balbit ik

coculture

BHL ¥ J&/(umol/L)
BHL concentration

_—— N N W W
SN O WO Wnho W

2 4 6 81012162024 303648 60
B Rt 1Al/h
culture time

(@)

2 AEFRFHTHEKSEREN-UE

HHL & /(umol/L)

48~60 hift ik K [B1 &2 5|8 hiF R AK IR, 56
27 (b ] ) QS I 45 38 15 O B o K Lux S 3k — B
Ab FAR KR A, R BT W AR AN 5
3 QS B 4 KL N OseBTE 8~22 hitf 4k T 7K F
ik, 24~48 hiFFIE W E LIF, 48 hik 2l i K%
{8, 60 hif [ 2] H30 hif 7K (F 4),

2.4 FRFERINIEKSBEBRENI-1FHE
FEF K QSIE B X i £ F FRA K F IR Mg

ZEAAT PR 1 3 PR AR L B F52 1 A NT- 155 1 B
FRIRKN . SIEEIRATA LR, MepATISertE
10 IR MREER, RKREZERDI
54527 hyFI24% (22 h) 22 5 5 HemFl der3e ik i A
4 ha BB ENRILER, HERKERSHN
6% (27 h)FI41% (27 h);  LipfE24 hig A BT B 1)
RikZER, B ik 54522 560 h); MMidcfr 5
AR P B K BT, KRR LR
(&15)

ZF LT TR R AT g 7K B T N 14 % K
S 35 DR 1) 5 ) 2 I TE Lux ROALIH 35 35 R R b o 53
ZMF R 20~36 hial G 8 E K R iAa, B 9748
hig H k8 TR LuxSTEQRh 52 51 F B —
R, BR22 hinb 3R T Rk
Tts OseBFE 2R B: 37 55 1 F F ik KPR HF— 5L
(E15).

2.5 FHEMTERIEEES S FBHLEIE

I ZE AT B R 1A X6 8 2 (CK)BHLAH X 45 %
E, SEMARFAAL, MZEMAFRRILAMS b5

—'—?Ei%?%h
monoculture
g 249 i
‘§ 0~30 coculture
£ 025
2 0.20
g 0.15
—~ 0.10
T 0.05
T 0
246 8101216202430364860
B3R )/h
culture time

(b)
£ 4 FBHL(a)fAHHL(b)4 = #h %%

Fig. 2 The QS signal of N-butanoyl homoserine lactone (BHL)(a) and N-hexanoyl homoserine lactone (HHL)(b)

producing curve under culture conditions

http://www.scxuebao.cn



348 U, 4. ZFAUFT B R 1B 57 X0 0 7K o B8 N - 175 ) 5 (R 35 ) 2 i) 303

i)
550
i £ 40 2 a
H*gi % 30 . b
= &20
= o ef de [] ¢ ef of ef
w210k f2 fo fe
=0
g 8 10121416 18202224 273036 48 60
1R FRIN ] /b
culture time
(a)
) _
Ep] e
g0 @ be
8. 6 de
g 5 4 de do Sdef g
*g 2 lef def ef ¢
E 0 -
g 810121416 18202224 273036 48 60
IR E] /R
culture time
(c)

)
-
L
glg.é
v
Wl
KE
& %
=
=
g

. j‘i% .
relative expression level

8 10121416 18202224 273036 48 60

JEFEIFH]/h
culture time
(b)
2 6 a
= 5 4 a
il
-}@'% 4 be b b
LI
e d
BE 29, ¢ f
IZ o
=z 1
20
p 81012141618202224 273036 48 60
BRI Al /R
culture time
(d)

8 101214 16 18 202224 273036 48 60

BRI E/h

culture time

©

B3 HSEFEHETRERKSERENI-ISHEFRIEBERL
(a) MepA; (b) Ser; (c) Act; (d) Aer; (e) Hem: AN[F/NEFEEFRIR % J 8.3 (P<0.05), AHF/NG 7 BERRZ 7 A L (P>0.05)

Fig. 3 The virulence gene expression levels of A. hydrophila NJ-1 under monoculture conditions

Values with different letter superscripts mean significant difference (P<0.05), while with the same letter superscripts mean no significant difference

(P>0.05)

BHL# 5¢ 4= % (1K1 6)
3 iR

AHF5E R FTHPLC-MS/MSHL AR, 7E 1% £ )2
L Wil (multiple reaction monitoring, MRM)# 5
T, ATTE g e T L PR s PR E b
Mg K SR AR S S o, D AME ARG
Tt T A B R B AR 9 i C4-d5-HS Lok ] W
WZE WU R W %, DA/ S 06 i AR v Y R
7. HHIRH TLC-Biosensorks {5 57> 1, H1 T
AN 5] 18 40 T AR 0 JR% N 25 X AN [R) T 356 ) 4 < B 7

AHLsHUSMEATR P AS BE o 8 1 4 AHLs Y
P S, BLAMZ 7 vk T ik R AT U G B A
B DAAEAIE 5T 2 B g 7K SRR B 7 AR 2R 2
145 54 FBHLMHHL, H i DIBHL Yy 30,
5ARM R R -8 FaiEFHFAFT, BHLA
HHLF ZOR S 5 A K i R — B Zs 1k #a
P, FERUEWIZ0 hi A BIME, HEARTET
B, X5 7F 4l 5% 3% T WF 58 55 5% B (heterotrophic
bacteria, Z-TGO)A: 1 12k 5155 7 F M1 ¢ R 45
R—5,

O T QSR 5 9 JL TR 75 77 IR T T 1 i 8
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= N
S
)
o
o

o
W

[w)
I

Xk R
relative expression level
>
o
&
&
&
[}
&

I o bp b
ﬁao.s c
KE 06 fd o de
2EoadllTn I fe g
Zo 02 h

R

= 8 101214 16 18 2022 24 2730 36 48 60

(b)

fa— a
HlEFg 15 A
K7
KE 10
3
-*E'Eg 5

=

2 g

8 10 12 14 16 18 20 2224 273036 48 60

BEFRI [E]/h

culture time

©

4 AIEFFEMHTIEKSEREN-1QSEERFSH
BB RAER
(a) LuxR; (b) LuxS; (c) OseB
Fig.4 The main QS regulator expression levels of

A. hydrophila NJ-1 under monoculture conditions

215 10 V0L IR Y v o KRR L TR T T A Y
Mepa. Ser. Act, HemfMilAerdi JJ K T 7E27~30
ik 38 B & K Rk &, {55 43 F BHLFI
HHL™ & A i B Be sk B2 e, 5 9ME 50 1%
TR 1 Lux RAEIZ ] 5 35 B W fE, FBHax 4k
211 T Al 32 B Lux URME 538 B 45, Dhoe 3k
A 1 7K S PR R Aahy RIZS S R B B 7 136 0 4
JE& R . R AR A OGS P R R
K, JFREAR 2 sh Yy ry sE o=l B AT 22 4
TR 8] 22 i bR TRAE T AR 5 00 1, PR R
B JHC R 425 0 K BRI A AR DG 7 ) R i R A
WA B R R A T 38 S PR, ARSI
HND- LR % 55 B LuoeSHE R 22 5K — L 52 BRI K
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-, H 5 Lux URAE 538 # 8] 52 A5 A7 75 28 AR AT
BREHESE . 5 AMET I & LAY QseB/C & 4L ik 4 17
KA MR Y ERe S, HERAIRMEA
il 0 B B 2R 05 1 T RS2 AR B9 Ose BAE27
hit #3548 hisf ik B {E ; LuxRYE48 hith 3
KK T RERIR AR AR O, B B R 4 R
H, 27 REAM . NER. ILERMF
RZiNHTHE B ERIBKF, £HQseBH
LuxR 24> RGC (B AEFEAH B UME, 53 A uEdE R —
i [H) 38 2o 55 A 0 A R 2 1T (c-di-GMP)#EA T
PR A H T & IR i K SR A R
Wil R, VRS ) T —Fp U, ARBESE D
HAE30 hif JA sh R ih, FEE T 60 hif A4 1k 3 i
B, HEAZQSWHENAFil — L5, Ik
Ab, g KA TE Y 3R QSIE I [R] 1 UME X R A
frift—2b R o

K72 A FT T S S 4] LR R Sk Bk AT
(Pseudomonas aeruginosa, PAO1)HY A W) BT AL
SV GRS B R Y, R A B AT
SSAH= i T Tl I i 2% I FT 2 PAO 1 B AHL S 74
5501, MBS 2% AT R PAO 1Y 35 1 &L
i Z HEAEYE . AL RAF 5 40 F BHLE 2|
FRFFERIT, Ki3E4 ho] #$ BHLSE 2B ff, UE
S ZE AT B R U FE P K g i S6 R, 2ok 4l
AN FRAR IS 550 F o FEFE K IR RINT -
15 ZEMAT R UL IR, NI-1 A KRR Z 5
RIAYFI S, MepA. Ser. Act. Hem. AerFlLipHy
RIBAKEE B E TR, Hrdct, HemflderstH
AR WA FEE fe K, LuxIZZ &8 H LuxRW %2
S, E S 2F AR B R 1 A V8 2 g K KB
P LuxI/RIE B R FEAREE ) R 25k, k@ ok i
Tl W8 7K B M B Y A ROk R AR RN, X 5 DL FE
WFFE L - — 8, SRR T 2R AT B 0 2 R
PN TR il T LA R i S IR ME B R AR AR B 4
T, FERRE AR AN IR I aT LR A e D BRI HE K
PR B EBE AR, ZEHIAT RIBEDS [ g K
A, PR B P () 4 3 B LuxS(36 h), $EET L
OseBif i% (53 W 208127 ), SR % 7 0 A HF5E
KA, HXTQS LuxSHIQseBi i 5 Wi 45 A
et — 2D MBS, 3R 7R A/ BH #58 145 QS i
XF T By i g K SRR R TR T BEAN S
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61 2.51 _ 2.01
n - [] ~ 2.01 [ 1.51 ] ) N ~
m.e Al w.e 157 |[] _ a0 =2 0 nanl e e
ERS - oF 2l o 9E 10
. 7] o & 1.04= a1
A1 ([ 0.5
[ 0.51 .
o LI I TDI AT ILTL L1 0.0 ALl ILA LI AL AL 0.0 LI DI AL NI
8 12 16 20 24 30 48 8 12 16 20 24 30 48 8 12 16 20 24 30 48
FEFRINHI/h FEFRITE) /M JEFEI ) /h
culture time culture time culture time
(a) (b) (©)
41 _ 81 67
31 [] ~ 61 - n ]
o9 [1q .9 s M- m.e iIfs
5% 2 T 2E ¢ 0. =3 I
= - = = 2] o _
1 I'I 2 n 0 0
o LILI I HHITHITIIN, o LI I ITITIT, 1 oL LA I I AT I I AT IL AT AT,
8 12 16 20 24 30 48 8 12 16 20 24 30 48 8 12 16 20 24 30 48
iR} [E]/h KR = E)/h xR [E]/h
culture time culture time culture time
(d) (©) ®
3.07 _ 2.07 1.57
] _ 1.51 — — ] ]
o o 2] Alnlln & =2 o o me !
EE _ I i\jg 1.0 = SF
= 1 —— — =
NI AT |
0.0 0.0 0.0

12 16 20 24 30 48 . 8

8 12 16 20 24 30 48 8 12 16 20 24 30 48
FEFEEFTH] /h R TE)/h FEFEH TR)/h
culture time culture time culture time

€] (h) @
B 5 MEKSBMMENI-17E B I ST R RIS R EEREKEX ML E

(a)MepA; (b)Ser; (c)Act; (d)Aer; (e)Hem; (f)Lip; (g)LuxR; (h)LuxS; (i)OseB

Fig. 5 The ratio of gene expression level of A. hydrophila NJ-1 monoculture to the co-culture with Bacillus sp. R1

12 —-BHL
10 1 —=—BHL+Bacillus sp.

BHL ¥ & /(umol/L)
BHL concentration

S N B, N ®
[\S]

0 2 4 6 8 10 12
BEFRISHA]/h

culture time

E 6 FRFERINES S FBHLAE ML
Fig. 6 The degrading curve of BHL by
the culture of Bacillus sp. R1

SE M
[1] Nielsen M E, Hoi L, Schmidt A S, ef al. Is Aeromonas [4]

hydrophila the dominant motile Aeromonas species that

causes disease outbreaks in aquaculture production in the
Zhejiang Province of China [J]. Diseases of Aquatic
Organisms, 2001, 46(1): 23-29.

Gopalakannan A, Arul V. Immunomodulatory effects of
dietary intake of chitin, chitosan and levamisole on the
immune system of Cyprinus carpio and control of
Aeromonas hydrophila infection in ponds [J].
Aquaculture, 2006, 255(1-4): 179-187.

Cumberbatch N, Gurwith M J, Langston C, et al.
Cytotoxic enterotoxin produced by Aderomonas
hydrophila: relationship of toxigenic isolates to diarrheal
disease [J]. Infection and Immunity, 1979, 23(3):
829-837.

Fuqua W C, Winans S C, Greenberg E P. Quorum

sensing in bacteria: the LuxR-LuxI family of cell

http://www.scxuebao.cn



306

Ko AR

40 %

[10]

[11]

[12]

[13]

[14]

density-responsive transcriptional regulators [J]. Journal
of Bacteriology, 1994, 176(2): 269-275.

Khajanchi B K, Sha J, Kozlova E V, et al. N-
Acylhomoserine lactones involved in quorum sensing
control the type VI secretion system, biofilm formation,
protease production, and in vivo virulence in a clinical
isolate of Aeromonas hydrophila [J]. Microbiology,
2009, 155(11): 3518-3531.

Khajanchi B K, Kozlova E V, Sha J, ef al. The two-
component QseBC signalling system regulates in vitro
and in vivo virulence of Aeromonas hydrophila [J].
Microbiology, 2012, 158(1): 259-271.

Grim C J, Kozlova E V, Sha J, et al. Characterization of
Aeromonas hydrophila wound pathotypes by
comparative genomic and functional analyses of
virulence genes [J]. MBio, 2013, 4(2): 1-13.

Kirke D F, Swift S, Lynch M J, et al. The Aeromonas
hydrophila LuxR homologue AhyR regulates the N-acyl
homoserine lactone synthase, Ahyl positively and
negatively in a growth phase-dependent manner [J].
FEMS Microbiology Letters, 2004, 241(1): 109-117.
Chu W, Lu F, Zhu W, et al. Isolation and
characterization of new potential probiotic bacteria based
on quorum-sensing system [J]. Journal of Applied
Microbiology, 2011, 110(1): 202-208.

Cutting S M. Bacillus probiotics [J]. Food Microbiology,
2011, 28(2): 214-220.

Nimrat S, Suksawat S, Boonthai T, et al. Potential
Bacillus probiotics enhance bacterial numbers, water
quality and growth during early development of white
shrimp (Litopenaeus vannamei) [J]. Veterinary
Microbiology, 2012, 159(3-4): 443—-450.

Hwang K Y, Cho J H, Lee J Y, et al. The benefits of
using Bacillus as a probiotic [J]. Journal of Animal and
Veterinary Advances, 2012, 11(18): 3457-3462.

Fujiya M, Musch M W, Nakagawa Y, et al. The Bacillus
subtilis quorum-sensing molecule CSF contributes to
intestinal homeostasis via OCTN,, a host cell membrane
transporter [J]. Cell Host & Microbe, 2007, 1(4):
299-308.

Middleton B, Rodgers H C, Camara M, et al. Direct
detection of N-acylhomoserine lactones in cystic fibrosis
sputum [J]. FEMS Microbiology Letters, 2002, 207(1):
1-7.

http://www.scxuebao.cn

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

i A, XKHE, 2k T, BEARIEENAE 5 43 7 K A 51
T A I TV B SL[T]. A RE R, 2011(3):
166—169.

Chu W H, Liu Y W, Zhu W. Rapid detection of quorum
sensing signal molecules N-acylhomoserine lactones and
its inhibitors [J]. Biotechnology Bulletin, 2011(3):
166-169 (in Chinese).

Swift S, Karlyshev A V, Fish L, ef al. Quorum sensing in
Aeromonas hydrophila and Aeromonas salmonicida:
identification of the LuxRI homologs AhyRI and AsaRI
and their cognate N-acylhomoserine lactone signal
molecules [J]. Journal of Bacteriology, 1997, 179(17):
5271-5281.

Tang X X, Bi X D, Xing K Z, et al. Detection of
acylated homoserine lactone (AHL) in the heterotrophic
bacteria Z-TGO1 and its ecological action on the algae,
Chlorella vulgaris [J]. The Israeli Journal of
Aquaculture-Bamidgeh, 2012, 64: 557-560.

Khajanchi B K, Kirtley M L, Brackman S M, et al.
Immunomodulatory and protective roles of quorum-
sensing signaling molecules N-acyl homoserine lactones
during infection of mice with Aeromonas hydrophila [J].
Infection and Immunity, 2011, 79(7): 2646-2657.

Chu W H, Yan J, Liu Y W, et al. Role of the quorum-
sensing system in biofilm formation and virulence of
Aeromonas hydrophila [J]. African Journal of
Microbiology Research, 2011, 5(32): 5819-5825.
Kozlova E V, Khajanchi B K, Popov V L, ef al. Impact
of QseBC system in c-di-GMP-dependent quorum
sensing regulatory network in a clinical isolate SSU of
Aeromonas hydrophila [J]. Microbial Pathogenesis,
2012, 53(3—4): 115-124.

Chen R D, Zhou Z G, Cao Y A, et al. High yield
expression of an AHL-lactonase from Bacillus sp. B546
in Pichia pastoris and its application to reduce
Aeromonas hydrophila mortality in aquaculture [J].
Microbial Cell Factories, 2010, 9(1): 1-10.

Cao Y A, He S X, Zhou Z G, et al. Orally administered
thermostable N-acyl homoserine lactonase from Bacillus
sp. strain AI96 attenuates Aeromonas hydrophila
infection in zebrafish [J]. Applied and Environmental
Microbiology, 2012, 78(6): 1899-1908.

Musthafa K S, Saroja V, Pandian S K, et al.

Antipathogenic potential of marine Bacillus sp. SS4 on



348 AP, 45 AT P R 3 35 00 8 7K A B T NI - 155 ) ik R 3R 3K 19 5% i 307

N-acyl-homoserine-lactone-mediated virulence factors
production in Pseudomonas aeruginosa (PAO1) [J].
Journal of Biosciences, 2011, 36(1): 55-67.

[24] Zamani M, Behboudi K, Ahmadzadeh M. Quorum
quenching by Bacillus cereus U92: A double-edged
sword in biological control of plant diseases [J].

Biocontrol Science and Technology, 2013, 23(5):

[25]

555-573.

Zhang K, Zheng X, Shen D S, et al. Evidence for
existence of quorum sensing in a bioaugmented system
by acylated homoserine lactone-dependent quorum
quenching [J]. Environmental Science and Pollution

Research, 2015, 22(8): 6050—6056.

Effects of coculture of Bacillus sp. R1 and Aeromonas hydrophila NJ-1 on
the virulent factor gene expression of NJ-1

HE Suxu, WANG Quanmin,

HUANG Lu, ZHOU Zhigang’

(Key Laboratory for Feed Biotechnology of the Ministry of Agriculture, Feed Research Institute,

Chinese Academy of Agricultural Science, Beijing 100081, China)

Abstract: To evaluate the effect of quorum sensing (QS) of Aeromonas hydrophila NJ-1 on modulating

pathogenic bacterial virulent factor, NJ-1 was co-cultured with Bacillus sp. R1, a AHLs degrading strain. The

results showed that under monoculture conditions, the AHL amount of NJ-1 varied with the same trend as the

bacteria growth curve. The maximum activity of both AHLs and virulence appeared at 27-30 h, and then decreased

with the decline phase. The expression of OseB started at 27 h, and peaked at 48 h, while the expression of LuxS

kept at a lower level. Under coculture conditions, AHLs bioactivity was detected only in trace level. Accordingly,

the expression of LuxR was not upregulated, and the expression of virulence factors was also distinctly decreased

compared to the monoculture. LuxS were upregulated at 36 h, while the expression pattern of OseB was similar to

the monoculutre. In conclusion, Bacillus sp. R1 could reduce the virulence of 4. hydrophila NJ-1 by the
regulatition of the QS of Lux I/R through degrading AHLs activity.
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