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AR ERR H B R4 AHLs, {4 4N AHLs 77
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1.3.2  HbE ZHG2-1 X5 AR B MU 8 AHLs ¥ K
GRS IE 28 Cui 5577 6 £ AHLs A6 7
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A 10 pL 2GR 5 7 AHLs #4249 ,30 CH%
F% 24 h, &0 JE R, pH {E 2 Pk B 180
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AT EE P LB A7 AE Sy B P X B30 CH5
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1.3.5 Wbk ZHG2-1 3% WO B2 9 x5 2 't B 2o g
PR A B ZE R 52 e AE 24 FLAR OO TG T RE
F (1 emx1 em), B 1 mL %¢ G AR 200 1 1 Wi 3%
e AL BRAN 1.3.4 1554k, PBS BEIAE R ,2.5%)%
TR E 12 h, JCE KPR 3 1K ,40% ,70% ,90%,
100% 2 B U B /K AL B 15 min, 757 5 H 48 5 5
G 3 H BT (SEM) WLEE AR W) 45 4y

1.3.6  BRFE ZHG2-1 - ¥ VOR 48 4 % 5 ' M o
R TERREEAL

1.3.6.1 JEshZhE 21 Mohammed %375 1
PG B BRI TR 55 AN [R] I 4 b v R Y B AR
ZHG2-1 MY 30 CHERGFE 16 h, B0 W VT vE &
BT 0.85% NaCl %W, 250 30 min, K F 35 W
5% CEEFERFLE 1:3 1R A 4 Cit Uiy, Bk
VE WS AR B R v S A M A 22 W
1.3.62 HIAMEEEE 2 M Vijayaraghavan 555
51 & LR A= W5 AR, AR TR T AL o K AN [R] o £ v
FE R R bR ZHG2-1 L9 5 2 R i & 30 °C
JLHEFE 24 h, B0 85 HL 180 wL ¥ W m A 4T
U FL 30 CCHEFR 24 h, I LA & L B R 1Y
KN R

1.3.6.3 AWl M40 5k B2 WY S0 5 vk ) 45 AR
Yo e Aoz 0 8 e 5L AR AT AL, B 180 L B Bk
ZHG2-1 ML 5 90 B 5 M o L 15 52 ) 10 TR
PAFLHY, 30 CHE 3% 24 b, I AL AR &) L i % (5 B
AR/ TR
1.3.64 JaWifE MRYE Leelatulasi 2519 )7 ¥ )1 R
YEE M, 50 mL 3K 3 mL = T HimMBRES A 1 g
RO EE-2000 R A 7L A, 06 pH (H 2 kB4
mL FLILW S 100 mL LB BRIR G, i 25 18 1 g 3
BV, B 180 wL L1539 Ly wom AFLH,30
CHEFE 24 h, M it FLAE R 3 W R 0 KN T
iR
1.3.7  RPk ZHG2-1 ¥ WO 42 W X 5 5l {0
ROSREER 71 & 4 E TSRS A I PR AT
A0 B 5 't Al B B TR TR R BE 22 10° CFU/mL, A
3.0 mg/mL ¥k ZHG2-1 FL#£4 ,30 CH; 37 24 h,
B, 3 B, O PBS(pH 7.2) BRI ULTE , IR
BDWUR TR . KRR AL AR R A R
Hl 47 qRT-PCR ik . qRT-PCR i Gene
9600 & & PCR L4751 97 51 W3R 1, 2¢Otk
Y B 16S rRNA AN SR, 514 L
Sangon Biotech /A R T IF4 A,

F1 PREERE QRT-PCR3IMFS

Table 1 The qRT-PCR primer sequences of Pseudomonas fluorescens
AR A& H T fe 3l 75 e HE Y] 3K /bp

16S rRNA 16S ##%E4& RNA JE 18] GCTTTCGCCCATTGTCCAA 133
B_1] TGGTGGGGTAATGGCTCAC

rhil AHLs & % B iE 1) AAGTCTTCGGGTTTCTGTGC 168
B8] TCACTGCCACCACCTGATTA

rhiR AHLs %4k & &g iE 15 GACCCCTTTTACCCGACCA 155
B_1] CAAACAGTGCGTCGTTCCA

aprX M Sk & B iE 1) TAACGAGCCGCAGACCCT 83
B %) AGCCATCAACCGCTACGC

algA RRESREA iE 18] GATGCTGGTCAATGAAGGCC 142
B TACACCGAACAGCACCATCT

orm gk & iE 1) AGTGTTCTCCCCAGAGTTCA 95
B %) CTGAATAGTTGGTGTTGTGGT

SlgA L REB iE 1) TGGAACAGGCAGAAGTGGT 160
R CGAGCCTTGATCACACGTT

ldcA R B AR Bl iE 15 AACCAATCAGCCGTCGCCACCC 231

B8]

TATCTCCACCTCGCCGCAGTA
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fiE A M

K FHOBUZ 35 g 4 0k A I AL 3L e
ZHG2-1 CFS X9 AR B & AHLs F R i 16 M
M1 Al E bR ZHG2-1 CFS %28 Y6 2 i
AHLs [P FE #5144 100%
22 TWHBEBMEMEBTE CV026 K /NP
ERESTMFHRERE

1A FLAT I ZHG2-1 135 ORI 9 %) 9 S 1
PO TR T €8T TR A e /N 00 TR R B 4 0 R 8.0
mg/mL 1 4.0 mg/mL, A HINE K ZHG2-1 H A2 Y
(1) ok i 0 P 1 TR AR R R AE T, R A B

) ey

18| [~®— 1 mg/mL]
—4— 2 mg/mL)|
L6 |—v— 3 mg/mL}|

ODsosun

P Y P TR
i i)
Time/h
(a)

1 E#H ZHG2-1 CFS X&KL ME AHLs
R E
Fig.1 The quenching activity of strain ZHG2-1 CFS

on Pseudomonas fluorescens AHLs

VERT, BHFFEAS RS0 i 50 2k 3 o) 25 S A o 7T
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mg/mL, () PR ZHG2—1 AL EE 9 % 5¢ S AR PR i g Al
LK AR TCR W, PEPGX 3 AT e
YEJG L 5T

ODsgsun
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Time/h
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Fig.2 Effects of strain ZHG2-1 crude extract on the growth of Pseudomonas fluorescens (a)

and Chromobacterium violaceum (b) at sub—inhibitory mass concentrations
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LCAEOE i T B vy = R R AL 8 = ) B L |
TR BE PR B G 7R A B i 3R TR AR W I OF
MELUTE B 205 600 Tl il R ™R B s & 3 B
IR TEARSZ M G AR H R T A K B AT EE S BT vk
Bk 1.0,2.0,3.0 mg/mL (R ZHG2-1 FLEE P XT

PR BRI TR A W R A ) R 4 R (9.66+
2.92)%,(20.46+3.72)%, (31.32+£3.39)%, EBRF
I3 (28.62+3.20)%, (37.07+3.82)%, (62.82+
5.84)%, H 5 B B vk FEAR M . Shikha SEPWIEGE A&
BB B AL AT B (Lactobacillus rhamnosus ) 18 W
Xof A o A1 B A A 0 RSO B Ak 2R 35.01%
Xt A YR E R R R T5%, ARFRai RS
HAGE, FiRgE Ul ik ZHG2-1 M2 938 i
T A 7 AT ASCA ) R I 2 YA o L TR A A
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Fig.3 The effects of strain ZHG2-1 crude extract on the Pseudomonas fluorescens biofilm biomass

and number of planktonic cells
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L VRT L A1 5 S5 P T K, ek 55 A O A 0 RSO G i
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AR, A W 5 R b 0 5, 3R RO A T
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A1 A TR B A M RS A Ly SV 5 & B
PIFLFF I CY 11 K2 4y b 30 I R0 <50 1
(Aeromonas sobria) #U Ik /> H BB 25 ,3.0 mg/
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PR SE R AR B, T B b 35 A T X B AR 5 45
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Effects of strain ZHG2-1 crude extract on Pseudomonas fluorescens biofilm structure
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25 WEHEIAFE ZHG2-1 3% KRB M E =
5 HERI R0

JiL 471 22 Mk SR 2H A A TR AR ) B Y B B R T,
B MR EL | A Yo R AN 3 T 22 RBE DL KR B
A A 2 0k S ) D g ot R o RSV Y L A 22
(Pel)Z5EH 5, 5 UN1E 5a Fr , B bk ZHG2-1 #L
P AT db 2 AN 2 O AR B L TR AT L A 22 W A3
I 575 o R OB L 50 BREHAR T, 24 3.0
mg/mL WPk ZHG2-1 L4 Y 4b FRAA TR B, il %
ik (64.08+4.47)% ., Yeon ZFPHJF 57 %z BRI % £ 0
S L 7 KT BP9 2 T R AT L A1 22 W T o 2
65.1%~86.02% , A 5% 45 S 5 HAHLL
2.6 TEHEIAFE ZHG2-1 X3¢ (R Bk &E =i
HhE AR R

DA AL T R o WA M AN R R, BB K
A VR SRR E T, BRI, SRR AE Ay
i, 7 A BB A, K e R TR AU
TR, fy & Sh AL B AR ZHG2-1 HLAR W) I
TR RGOS, ORI TR 3 i AR R ) AN I
Bk 55 ,3.0 mg/mL B ] F3K 100%, Z5HR T,
PR ZHG2-1 13 W 42 ) g i 2540 i) 2O R B
L TR A L A1 2 Y 7 A Cha S5 9T & 30 25 4
FFBRT L 15 W6 g K BRI R Y- 1 2 1 il A 2R
h 83.9% , AW FE 45 R 5 HAARL
2.7 EEIAFE ZHG2-1 MR ABABE =4
) B 52 M)

YRR — B TS A e, FE
F AR A 0 7 A Y R TR R T e i S A R R TP
J o 7K il g A R A e i LR A X
AR T 5 A RS A W e Al g i 22 4
Ao IR PR B A R, IR T SR
4B A 0 e 2 W 5 0 T, W K T B AR K
YT A Y R R . QN E] Se it X BREH
AR BN TR A AR 5 9 77 FE BB 7T, 1T 1.0 mg/mL 78
MR ZHG2-1 L4 vT 58 2 10 i A ) e 1) 7= A 45
TR, B B YR 0 R ZHG2-1 L4 mT
2 I D A R R TR A B 1) 7 A T S AE AT
5% &I 2.0 mg/mL 5 A5 A6 5 X5 I 0T A B LG
W (Shewanella balticia) & & & & 00 1 H) K h
94.4% , A B 5T 45 3R 5 HARL

28 HWHIFNE ZHG2-1 M HEXBEBETE
B s i Y 22 )

JIG o Tt 95 S Sk ik = R T K L PR
Jib T R 3 s 4 0 B U R A A I = R 23 A g I
PR H AR 5T, 23 el TR A UL IR 22 DA TG
PR A AR AR A SR, S U W R A
AR SR =T R H I B T AR 07 W A I R AN TR T
SR AR ZHG2-1 L4 X 5 S A1 B B 1 g 1
fifg 3G PE A9 R, @i 5d BT R L 1.0 mg/mL B AR
ZHG2-1 K44 3 1 % 2 (44.09+3.95)% , Fifi 45 5t
R 0BG O, WS P AT IS 100% ., Shen Z520F
58k BURVE T DG A B I TR 1 AHLs— k5L 7% RS il
PF—1240 A 14t 4 B 15 K Je W 1 A 17 it 1) 2 1
ABIFE S5 5 AL
29 WEHEIFE ZHG2-1 MR B EME QS.
SYBERBEERRIENHIE

R TG ZHG2-1 1 RE A4 SR N A K ML
it qRT-PCR #: il ZHG2-1 Xt ¢ Y B 5 f i QS
A P R R B0 LR ) 338K, SR B P
QS RZGeH  rhil Hf% )& AHLs & B H ,rhiR 4 ft
()52 AHLs Z IR, P 48 rhll/R % 58351
PPN TE QS AR aprX SZ R
B I A0 B R 2 algA 2 Bt 1Y) 38 R R A A R
A8 B A 2 0 ) AL Sy, SR T 41 TR 1Y
FHB ARG, AE AR B 3 W] DAY Bl 4 o
B A BT P R TR, orm SR IEERER S
JCHE DR A BT A0 B 2% 1 BE T Y Fe flgA
G i 55 A W T B L B 40 T 32 3 B S AH G 1 §E
G R, IdeA G R0 56 2 e I8 4R il , 44 1 3 2ot
fiff B i T BT B A R IR, TR A

M 6 Al A1,3.0 mg/mL ZHG2-1 AL HE R | rhll
FUrhIR 455 R 3k 4% 1 2% R 18 0.93 F11 0.99, 5 7¢
S {15 P AT A A S DR P A DG T aprX LalgA |
orm flgA ldcA 553 R 1) 32 35 7K 7t 9 2 4 1l
351 F ¥ 0.91,0.79,0.90,0.94,0.93, % 5 #iE
W 2 R 45 S — 380, Toushik ZEPYEIFIT & IR AL # L
FEEA J.27 A1 ML21 0] LU 8 B0 B A P B 1 2
QS HHIEFE N FK |, qRT-PCR 451 5 HAHML, , LR
AL 53 D6 1) E A JBR L A3 T PR A B RT LR 9 QS
(luxS \lasB rhIR \pfs ) A 5 5& PR R 35, AT (5 £
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Fig.5 Effects of strain ZHG2-1 crude extract on Pseudomonas fluorescens production of extracellular polysaccharides (a),

extracellular proteases (b), biogenic amines (c¢), and lipases (d)
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Quorum Quenching Effects of Lactobacillus crustorum ZHG2-1 on Pseudomonas fluorescens

Lii Xinran', Wen Xin', Wang Yangrui', Bai Fengling', Cui Fangchao', Tan Xiqian',
Li Jianrong'*, Guo Xiaohua®
(College of Food Science and Technology, Bohai University, National & Local Joint Engineering Research Center of
Storage , Processing and Safety Control Technology for Fresh Agricultural and Aquatic Products, The Fresh Food Storage
and Processing Technology Research Institute of Liaoning Provincial Universities, Jinzhow 121013, Liaoning
*Collaborative Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian 116034, Liaoning
iShandong Meijia Group Co. Ltd., Rizhao 276800, Shandong)

Abstract In this study, quorum-sensing quenching activity of Lactobacillus crustorum ZHG2-1 was verified with the
Chromobacterium violaceum CV026 as a indicator strain. Based on the change of biofilm, phenotypes of spoilage factors
and the expression levels of related genes, the quorum sensing quenching mechanism of Lb. crustorum ZHG2-1 on P.
Sfluorescens was detected. The results showed that the degradation rate of cell-free supernatant from strain ZHG2-1 to P.
Sfluorescens AHLs reached 100%. The sub—inhibitory concentration (1.0, 2.0, 3.0 mg/mL) of strain ZHG2-1 crude extract
could inhibit and remove the biofilm of P. fluorescens, and the inhibition rate and clearance rate reached 9.66%-31.32%
and 28.62%-62.82%, respectively. In addition, the inhibition rate of strain ZHG2-1 crude extract with sub-inhibitory
concentration on P. fluorescens spoilage factors (exopolysaccharides, proteases, lipases, biogenic amines) reached 7.23%-
100%. Meanwhile, the inhibition rate was mass concentration—dependent. Scanning electron microscope showed that the
sub—inhibitory concentration of strain ZHG2-1 crude extract treatment significantly reduced the amount of biofilm and the
bacterial colonies were in a dispersed state. The results of qRT-PCR showed that the crude extract of strain ZHG2-1
down-regulated the quorum-—sensing genes rhll and rhlR of P. fluorescens by 0.93 and 0.99, respectively, and the ex-
pression levels of aprX, algA, orm, flgA, ldcA and other biofilm and spoilage genes was significantly inhibited. The re-
sults indicated that Lb. crustorum interfered with the expression of quorum-sensing genes of P. fluorescens, thereby af-
fecting the production of biofilm and spoilage factors.

Keywords Lactobacillus crustorum ZHG2-1; quorum quenching; Psdeuomnoda fluorescnes; spoilage ability



