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Abstract: [Background] Pear fire blight, caused by Erwinia amylovora, is a devastating plant
disease. The virulence factors of this pathogen are regulated by the quorum sensing (QS)
system. Quorum sensing inhibitors (QSIs), as novel bioactive compounds, can reduce the
metabolism of virulence factors by disrupting the QS pathways of pathogenic bacteria,
representing a potential new strategy for controlling pear fire blight. [Objective] To explore a
QSI against E. amylovora and provide a theoretical foundation for the prevention and control of
pear fire blight. [Methods] The crude extract of strain D67 was prepared through fermentation and
tested for the inhibitory activities against Chromobacterium violaceum CV026 and E. amylovora.
The effects of sub-inhibitory concentrations of the crude extract on the biofilm formation,
extracellular polysaccharide production, motility, and extracellular enzyme metabolism of
E. amylovora were analyzed. [Results] The crude fermentation extract of strain D67 exhibited
significant QS inhibitory activity and antibacterial activity. The minimum inhibitory
concentration (MIC) of the crude extract against E. amylovora was 2 mg/mL. At sub-inhibitory
concentrations, the crude extract reduced the motility and significantly impacted the biofilm
formation, extracellular polysaccharide production, and extracellular enzyme metabolism of
E. amylovora in a concentration-dependent manner. The extract at 0.25 mg/mL showed the
inhibition rate of 60.1% on biofilm formation, which was comparable to that of the positive
control eugenol. The extract at 1/2 MIC showed the inhibition rates of 76.45% and 34.80% for
polygalacturonase and pectin lylase, respectively. Additionally, the crude extract demonstrated
effective control in an in vitro leaf assay. [Conclusion] The fermentation metabolites of strain
D67 exhibited significant QS inhibitory activity and significantly inhibited the production of
virulence factors of E. amylovora, providing a novel approach for the biocontrol of pear fire blight.
Keywords: quorum sensing inhibitor; Erwinia amylovora; virulence factors
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11 AR B B s ) A g i
— A T R IR R o R S TR ) e /N0 T
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FEEA TCH AR B IR AR RE SR ML, 28 °ClER
FIXHEEE 75%0E 4 d Mgt 20l LLE
T RS R A SRy BRI X6 BRI B 7K A Sk B o) R

2 HZR5M

2.1 AEIERHNE IE M K B A B N HD
M E 25 R
211 HMEVXMIRAEREEKE K
CV026 i) MIC N ELER

T FH T B A Sk B VA SRR 41 1) BH A o) B
I I S (] o BE B X BRI HL 4R W ) T Ak
CV026 FIFL K g2 9 S TR A il sz e, 45 2R 4n
R 1R, BB T A B AU RPN B AR AR K
Y9 BA SE AR AR B R /N A v S A A B
R, Herb T B % AL KRR U (1 MIC Ky
0.50 mg/mL, i B A% D67 #4244 2.00 mg/mL,
R T EHE RPN RS B S TRk D67 M.

Ry T HEBR T A I AU W 6 PR Rk B4 40 52
i), S R R A A ) S 6 e, 359 5R A
TRV B R AT

* 1 AEREARNET EHIHETIERE K

200
Table 1 Effects of different concentrations of crude
extracts and eugenol on the growth of strains
W KAL) T &
Concentrstion Fermentation crude Eugenol
(mg/mL) extract
CV026 E. amylovora  CV026 E. amylovora
8.00 - - - -
4.00 - - - -
2.00 - W - -
1.00 Y + - -
0.50 + + W W
0.25 + + + +
0.13 + + + +

—: None growth; +: Normal growth; W: Weak growth.

2.1.2 AEIREMAERYINELR CV026 B
B R HD IR R

AN [ e FEE A A8 % R Bk CV026 FE(A IR R 411
TR LA 1, & 1AL, AR D67 RN
PR CV026 HATER P REAR B GG, I 2
PUAA Sk B AR, 7EH 0.25 mg/mL (1/8 MIC)
W B B AT 2 B B S A A SR A R P, AR
T R BE PHAE X BT A B (1/2 MIC).

®

0.25 mg/mL 5 50 mg/mL

0.13 mg/mL

Eugenol

51 FEIREARYIIER CV026 B AN
IR A:0.13-0.50 mg/mL HIIEY AL FEL ; B.
0.25 mg/mL L HEH K 0 B

Figure 1 The inhibitory effect of different
concentrations of crude extracts on CV026 quorum
sensing. A: 0.13-0.50 mg/mL crude extract

treatment group; B: 0.25 mg/mL crude extract and
control.
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2.2.1 MRV AEREREEEMKED

14 B9 HNHE A

BLJCTEN SR R HAT B UK S (E 2A),
WL RE $ 0 0oF B K i i I T AR A RN UK 2 1 1) 52
M, 5B ER, MIA 025 mg/mL (1/8 MIC)
R B2 ) I TR V% Uk sl vk B B Az B P (1A 2B),
TH B A T RV B2 T A 1 R RICR (B 2C) . H
TR I A E AT (& 2D), JirlA
ALY AT B S R AR SR A

(F 2E. 2F),
222 FERYIX R NIERERE RS YIIER
MHMER

A Py R RT LU 56 BRbR ) SE HAE T, R
i FIHIC BRI DU 25 WA AR, R

5TE A, R RO TR B RS, A ] bR s
SR FH TG B 308 4000 34 A 28 RR S ER 1 2B K A [ e
JIEREL & W AT A W R AT TR AR 8 R N A ) A
W, SR aE 3 o, wbk D67 MIRYIRFL K
P25 I TR A W) OE ) B A B ], SR
We B . 76 0.25 mg/mL HARYI(1/8 MIC)
WRES , AWM 60.1%, SEWET
HEHLEEZER.
223 FHEYNBAEREERZERINS
PEHIHNHI4E

MiAh Z W LE W T i) F 2N R, Al
Ib 348 58 DK SC G T [B] S 15 RE 7 B) 42 3 5 B0 I
PE, Y REFRIE IS INAS RV R B A, R
XoF B KPR B A LA 2 R R s, 25 R
Kl 4 fis, B I LA 22057 A X LR )
LI AU, ZEAR R 0.25 mg/mL (1/8 MIC)

2 EHR D67 RN R AR R E R R AR R

5 D67 MRV FRA s C: IKS SRR IR ; D BRAESCUG BTN BR2H s E. BEAESCHS D67 HliEY)

AbPRL ;s Fo RESESLER FHEXS R4

Figure 2 Effects of crude extracts of D67 on clustering and swimming motility of Erwinia amylovora. A:
Negative control group of swimming experiment; B: Swimming experiment D67 crude extract treatment
group; C: Positive control group of swimming experiment; D: Negative control group of cluster experiment;
E: Cluster experiment D67 crude extract treatment group; F: Positive control group of cluster experiment.
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Figure 3 Inhibition rate of different concentrations
of crude extracts on biofilm formation of Erwinia
amylovora. *: P<0.05.

* [ 1D67
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Inhibition rate of extracellular
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Figure 4 Inhibition rate of different concentrations
of crude extracts on extracellular polysaccharides
produced by Erwinia amylovora. *: P<0.05; **:
P<0.01.
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DR ST G TR R I ) 2 1 R T L o o i AR A

PR BT, R A 2 80 & A E B 5 &t
FRIFE LA Y, A ERR SC G B XA A 1 42 58
MY H M IEYEE N 0.25-1.00 mg/mL A,
X LR B A B I HROR(E 5), H
R 9N 12.79% . 19.86% . 22.82%.
225 MHERPINBEMNERERAEREEN
HIE R

WIS IR A ™ A 2T 4 25 il ke DA A ) 2 T DR P
2, MWIMRARYAEY . WE 6 Uin, 4%
fifg = e Pl 2 AR D MR (R B T, S MR AR 2
TR, FERLIRYIHE E A 1 mg/mL B X B SC G
PR AR Y R A A R B RIAVE T, IR
34.70%. AP ETE 0.06-0.50 mg/mL i}
XoF 41 4 Bl 7 AR B B VE A, A
BYUREH 0.5 mg/mL BHHIR K 28.70%
2.2.6 TR R AR RIEE KR IEEIER
HIE R

AR SR I P LA R A A SR, E s D TR R
FE Y o3 A ) A M B, R R IR
Z—o WE 7 i7", £ 0.13-1.00 mg/mL Hl#&
YR BETT X R SC PG TR 7 A A RO Al LA W
G B RIE T, O S B S A R R

[ JControl
e [ = [ Treatment
0.7 + T - .
i 1
_ 06} + £ FH M
S 5 [ =
L8]
E 0.4 1
5 03H
2
< 0.2H
0.1H
0.0
0.06 0.13 0.25 0.50 1.00

Concentrations (mg/mL)

5 FARIKREHERYNRAEFREREQEHN
=AU

Figure 5 Effects of different concentrations of crude
extracts on protease of Erwinia amylovora. *:
P<0.05; **: P<0.01.
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Figure 6 Effects of different concentrations of crude
extracts on cellulase of Erwinia amylovora. *:
P<0.05; **: P<0.01.
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Figure 7 Effects of different concentrations of
crude extracts on xylanase activity of Erwinia
amylovora. ***: P<(.001.
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7 R S T B AR PR, PR A
31.4%7F1 34.80%; SHIEEYIEEALT 0.25 mg/mL
BF, RO 2
228 MHEYMBANEREEZBFEILNE
M B2 B & RO HN ) 1E

22 T 2N 0 TS T Tt T LA O fge L ) A L e
SEHL AL, WK 9 FiR, TERLEEYIHE N
0.06—1.00 mg/mL B, X k™ A= 22 R 2L pH I
PR g 35 LA 0 35 A A ilTE v, 7E 1.00 mg/mL
FLAEY) (172 MIC)B, I Z8 AT 35 76.45%; 1E
0.06 mg/mL M F2H1(1/32 MIC)HFERF, il
5] 5% 25.81%.
2.3 HREYIX AR R R & RO E
%%

FHZLAR B AR I 7 300 KL 468 40 %o 24 ok
%%%mﬂ%,%@TﬂkﬁﬁE@mm&ﬂ
R 2 IEH S AR B i R s B T
FUREE, I HLw It 1 o koA BB BRI
AHEE T B XS REAE, R FH S W7 A K2 9 i TRT
PRI 1 mg/mL L3 (1/2 MIC) [ 52 56 4b %
B AT B IR AR, JCH SRR BE(E 10),
5K Ak B X S EAR AL IR B o

JControl 3 Treatment

L * #okk Ak
S0 1 1 1

= = = M m

400 B
300 | i L
200
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Unit pectin lyase activity (nmol/(min-mLY))

0.06 0.13 0.25 0.50 1.00
Concentrations (mg/mL)

B 8 AREIREARYIX R NG RERRAIEEE
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Figure 8 Effects of different concentrations of crude
extracts on pectin lylase of Erwinia amylovora. *:
P<0.05; ***: P<0.001.
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Figure 9 Effects of different concentrations of crude
extracts on polygalacturonase of Erwinia amylovora.
*: P<0.05; ***: P<0.001.
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Figure 10 Efficacy of strain D67 crude extract on
detached leaves of pear against Erwinia amylovora.
A: Positive control; B: Negative control; C: Strain
D67 treatment.
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