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Effect of Forsythia suspensa extract on quorum sensing
system of Aeromonas hydrophila

XU Tengteng, ZHAO Huijuan, LIU Zunying*
College of Food Science and Engineering, Ocean University of China, Qingdao 266003, Shandong, China

Abstract: [Background] The new antimicrobial agents based on the quorum sensing system control
was rapidly developed due to the multiple drug resistance caused by traditional antimicrobial agents.
[Objective] To study the effect of Forsythia suspensa extract (FSE) on quorum sensing system in
Aeromonas hydrophila and provide useful information for bacteria control. [Methods] The minimal
inhibitory concentration (MIC) of FSE against Chromobacterium violaceum CV026 and A. hydrophila
was determined by multiple dilution method, and the effects of FSE on the growth, swarming motility
and protease activity of A. hydrophila were determined by micro-method. The primary components of
the extracts were analyzed by high performance liquid chromatography-tandem mass spectrometry
(LC-MS/MS). The possible inhibiting mechanism of FSE on the quorum sensing system of A. hydrophila
was explored by molecular docking. [Results] The MICs of FSE against C. violaceum 026 and
A. hydrophila were both 16.00 mg/mL. Under sub-MIC concentration, and the production of violacein
was significantly inhibited by the FSE, with the maximum inhibition rate of 56.30%. The swarming
mobility and protease activity of 4. hydrophila was reduced by 85.70% and 35.40% with 8.00 mg/mL
FSE treatment, respectively. The major components of the FSE included forsythia, forsythioside, caffeic
acid and chlorogenic acid, etc. The molecular docking results indicated that caffeic acid and chlorogenic
acid could competitively bind with LasR receptor protein to inhibit the quorum sensing system of
A. hydrophila. [Conclusion] FSE could be used as a potential quorum sensing inhibitor in the

aquaculture and biological control area.

Keywords: Forsythia suspensa extract; Aeromonas hydrophila; quorum sensing; biological control

BEAARJEE I (quorum sensing, QS) & 4t & 4
PR 22 B AE AR — b g o R0, S 40 pE e A Y
B 75 Y BE IR B — s BAE R, 23R8 QS
ARG I RE, HEHCER, PFRE
BY, QS ZR&uim i A 40 v A G B ) T 3
KL LR YR TR B R B A B 1 I 1 4 fe A
(GBS E et eI ES 0 p e k1 T pi [N
BN A 2 E Y, O AR
WL VRS A AN 4 1 R (Quorum
sensing inhibitor, QSI)AJ 7E ANl il 41 B 15 H A=
KMEMET, #dZfisaimi QS 24, M
T V928 20 o 2 B B, BRI Tl A T 24 1k 5

PrdE™ . ATIFTARIE , QST AT A 0 i B Ak
WG S50 F 16 . BRI NAE 5 40+
5 N-WE 3 5 22 & B2 M BE (N-acyl homoserine
lactone, AHL)FE 432 IR [ AY L5 A s iX 3 A
AT 7 SR AT $ 22 RN B QS &
. UL, FET BB 2R G0 KB B
ARG R AR 25 S herk . oA A N
M5, EFR, HTRAMGWEA L4,
RRAIREE T DRE A, T AN 2 X 200 TR i 24 42 ™ A
SRZL EFENE IR ), VP2 R b T IR AR
LA YIE R QST THEANF QS R4,

HT, o 2 24 0 40 7 T 1 A ke i 57 3]
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MATHY K . & (Forsythia suspensa)& W T
A ) IR AE H AR B B I HRER . ST
T, EMEAMET . PRk Pr P
PE, AL NB AT . Zhang S50 59E  BI
BRI AT I bR CV12472 77 AR SR AT
£, Zhuang ZEAF9T & ISR K IEYI L) CviR
NEERR, XK CVI12472 (RN R G2 P
AR AR U0 g K R B M T (Aderomonas
hydrophila)j&—Fh § 2% [FAYE R, B
J& (Aderomonas), H AT Z BRI, JEKAE
YR WIS BUR R Z —, AT S
PR EN Y AT R, WK AR T Y
JI R 33K Je A= W BT 1L 5 52 BEVR IR 2R e 1Y
PAPEU ) H DG T SR AR B %o I K AP TR
PRI 2R G A E BRI 5520

ARSCLAWE KRNI E TR 5 . DA%
O FF 1 (Chromobacterium violaceum) CV026 {ER
e A% T Ak 43 AT % R R B (Forsythia suspensa
extract, FSE)RHEMAEN 161G M, #R57 1%
FREY g K R AR . RS . 2
W I ZhRE I AE AR, DU B A e
FI T R B A R AR

WEERE

1.1 ##

5 AR K AR CV026, 3 [ 15
B2 KA McLean JC Z#2 HG ; 71 H bk
g KA PR T Vo B W B ML R IR, A
B R AF . R E T R BRI b S A
AR
1.2 FEATMUFRETE

N- T Pt -L- 75 22 2 B2 W liE  N-butyryl-L-
homoserine lactone, C4-HSL #r#fEfdh, Sigma 2y
Al RHREE R . ekt BilE, Jb &Sk
ERHEARAA; LB RzkisEit. LB Bigh:

FRH, FREBHAYEARARA A BB
(LC-MS %), ZJE(LC-MS %), Merck KGaA 7>
Al W (LC-MS Z%), R oY il 50) A7 BR A
Al 95% < BEAE AR 35 8 [ 7 4 #r 4l

Mg TAES, BIEEITE R M)A PR A
Al AEARRE SRS, WRETT AR EIFAER) ;
SRR G R, g EAYRE A RA
Al AR KA, DB EERITARW
Z YJREMEHRY , Bio-Rad 2] ; NanoDrop 43t
JCEETE, BEWBOCHEARARAR; BT R,
Ohaus Corp 2~ Hl; i FRE DML, WG PE4s
WA AU AR A FRA R S R0RA 5L,
Thermo Fisher Scientific 23 ) o

BB MR 1.00 g, &k
£10.50 g, iR 0.50 g, %M 0.50 g, 7&K
100 mL,

1.3 753
1.3.1 EFHIREIFI&

i R B 1 5 225 SCHER (10119 7 1 6
WA FUFE T 40 °C LA 24-48 h it T+, &8
PO PERLTEE A | b0, e BRI H GZE 7 7K)
1:10 (B R B R %, Bk s /N KB
30 min, 8 JZAIIEAM . FRIEIMASEHARFRY
KIEAT R R, i B 2 IR A
I, BTG A T—20 °C, ffi A7 # 75 K
W BE SIS 1 0.22 wm VB IR -

1.3.2 &/ HIE K E (minimal inhibition
concentration, MIC)ilE

A 3 A5 B TR U ) R 3 S AR B o A
FARE O CV026 Mg KB 1 fc /s
B . HARUNTR o K g oK AR I TR R R
T CV026 T 28 °C 160 r/min {ELid %)=,
Fie 1% 2 F it o3 SR T 6 1) LB PR h (F2 8
LR CV026 1 LB Pz T 20 pg/mL
FIRE ). WICH 96 fLA, ity iR
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B, RO R LR EE 4302 32.00. 16.00,
8.00, 4.00, 2.00, 1.00,0.50,0.25,0.00 mg/mL,
] RS 100 pL 26 FH# CV026
PRV B 7K ML TR T, 28 °C L 160 r/min fH
IR Z 7% 24 h G WAL N IR A K AE GG,
SE ODgoo fH, LATAIRR AT LA 20 B8 1E A= 4 1Y)
f/NR FEAE A B/ NTRMR B, 5 22 SE I IR T
TR BN AT o USSR BT B 7K LA R Xk
M, HETT 3 RAEATEEE
1.3.3 QS HNHIE MR

2% Li S gormmE. KEa
FFE CV026 T 28 °C. 160 r/min £ 353 %) ,
Fi B 1:100 R INARHIE 50 °C 241
LB HAER #R 3 (F 4 20.00 pg/mL F) C4-HSL)
Hh IR SRS CEAR B AR 90.00 mm)JFf A
AT FL . H5 200 pL VA B I BE R (RHLER )
IMAFLH, BT 28 °C B34 1E5% 24 h, 8
T v 0, B /N A A Ay 0 o 3 1
134 ZBRREENE

FOER I E S5 SCER16100 7 2591
e, EaFFE Cvoe IEkEiE, UL 1%
B4 PR L 3 5 4 b S D B R R S S AR B
(1.00, 2.00, 4.00 F18.00 mg/mL) LB (K745 5+
A 20.00 pg/mL C4-HSL)H', 160 r/min.
28 °C IR 5% 24 ho BERUS I A N
STHRLL . R OFTIE CV026 LI RIFERN Rl
TFEARRWIEAER LB RIAHEFRIECRE N
C4-HSL)'h, ARSI E S OFFH CV026
P AERRDL . IG5 5 S5 41 1Y 55 SR R
WHL 500 L F &0 N, 4°C. 1000 r/min 20
5 min J5F % BIEW, TERATTES A 500 uL
TP ESTAGR e R G , M TITE R AR
Y EEE, 4°C.1000 r/min 5.0 5 min, {3 KDL
TE, BURIERIAE ODsss RAF LA TH R &,

1.3.5 EAREYIXEKS BREBEARR R
g ab A

X g KM R AR KR DL E I . KR
BRI G, L 1:100 (RARFR H 4 Fh T
it LB W7 IGFRET, USRI 20k B 1 %
SEHY), 28 °C. 160 r/min P77 B3 5% 48 h,
B 2 b E BRI ODeoo fH, el A K M4k .

XK PR IZ SR . iR A2
50 °C Ze i A IZ S G SR B P I AL 0.22 pm T
FEE IR DA A G AR B, LUk B 4 G
0.00. 2.00, 4.00 I 8.00 mg/mL, FE/MEAIG
R o R & A TR 5 =l [ S I )
2 pL KSR, LRXRT, 8T
28 °C fHIR FE FR AR 5 5% 24 h, WEIFI 21T
BHRZ.

Xof W K B TR B 1 B YRS e . 2%
SCHER[LSTI A it A T I0E o 4% 10 mL 19 15%5
NE4-%5(30 min, 0.06 MPa)5 90 mL LB Bifl§ 4
FRBAHE), FFRIAE 50 °C LA Wi
B, FAREARTAL . K MBS A R
TR T Y% R T 28 °C. 160 r/min 3%
e, BUEFEYT 9 000xg B0 10 min, b
WA 022 pm MBS UE . BOL UG R BiE
W 100 pL T Wi AR 05 rh, DA S B4
VER SR, 28 °C fHIEEEFE 48 h 5B A 1Y
SR EAR

FRE KB AHL RIS . S %
HR[15, 17109 5 vk 1 70 5

AHL 32 HL: B /KL 28 °C. 160 r/min
WA, UL 1% (RFE0BFF 200 mL
LB Wz, W By B i 2ok 5 o il h
4.00 mg/mL F18.00 mg/mL, PIA TS HNHE B #Y
TR 55 3% L 2H A Ry [ o R 4 . S 4 A B
ZH¥ 28 °C. 160 r/min PR K537 18 h 5, 4 °C,
12 000 r/min &.0> 5 min, FIHERASER IR
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LR 0.5%H ) ZEHL, B 24 HLA T 40 °C
ezE, Z& )5, J 1.00 mL BBz, W
W, 24 0.22 pm IEPEAIERRTE, B T-20 °C
TRArE .

AHL PRI 428 S8 AT CV026 T 24 °C,
160 v/min LRI, L 2% (RBASH)H
100 mL ¥ ) 2 40 °C £ 47 9 LB [EAIG SRR G
[l IS AR R 5 R (R MR Bl 20.00 mg/mL),
A, $T4L. XWX T, A 20 uL AHL
AR . 28 °C FrE ISR 24 h, WEE A £ HE
I 2R P A
1.3.6 REVHIRY S G AE & 15 & BX BT (high
performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS)%> #f

K FH 8 RO A €15 HR R T 1 (HPLC-MS/MS)
PR U A A T e
#:: Zorbax Eclipse C18 4i4(1.8 pmx2.1 mmx
100 mm), B A: K+0.1%H B2, Fshtd
B: i i #ily o s R, s
WREE 325 °C; BESURH: 45 arb; HHIMA
15 arb; WA : 1 arb; HLWEZSHL K .
3.5 kV; BAIERE : 330 °C; S-Lens RF
Level: 55%. fi | Compound Discoverer 3.1 i
PR BRI R IE . waeU) | ISR ICAE TR, AR
P — %S B M A Thermo mzCloud 7EZk%K
#iJ% . Thermo mzValut AHb$5 5 P2 45 414 i
Y
1.3.7 5 F IR

i A # {4 Schrédinger V2017 . Maestro
V11.1.011 ,MMshare V3.7.011 #1 Release 2017-1
T4, LasR ZIREAME G4HKA
AR (PDB 1D 2 UVO, http://www.pdb.
org/pdb/home/home.do). FEHFEH I 5 Ff
| OE 2 TR T o5 A IV ESE (BB S|
Pubchem #(#& % (http://pubchem.ncbi.nlm.nih.gov)

WIRGE T 7 H0
SR Origin 2018 #4745 114047,
K SPSS 22.0 A7 R BT, Fdnss
RFRIR N AR 25, A2 7 AR
FHER R 7 22500, R ¢ K, P<0.05 FIR
ZRERE,

2 X504

21 w/MIEKRERMNELSR

I B2 B X6 A T 1 B /N TR AR B, A
R JIT 325 40 JO P R A 1 410 o 3% P AN 2 el T L
pr e U, W 1R, R B R
WKk C. violaceum CV026 Fll A. hydrophila 1)
MIC ¥J8 16.00 mg/mL. J&ZkSiiuk
0.00, 2.00, 4.00, 8.00 mg/mL.
2.2 QS HNHIE MM 25 R

EEFFE CV026 i B bk B 4E T ik

1.3.8

—a— C. violaceum CV026
—2—A. hydrophila

0.8

OD 600

0.6

04r

0-2 5100 0.25 0.50 1.00 2.00 4.00 8.00 16.00 32.00 64.00

Concentration (mg/mL)

B 1 EBEBYIXT Chromobacterium violaceum
CV026 1 Aeromonas hydrophila 8 MIC  [EH
BAs RV BE AR ME R 25, n=3

Figure 1 MICs of Chromobacterium violaceum

CV026 and Aeromonas hydrophila with Forsythia
suspensa extract (FSE). Data are mean+SD, n=3.
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C. violaceum ATCC 31532 {Y mini-Tn5 f*) %458
R, HAGAEEORR, WA E N-BEAE
22 AR N BR R (AHL) 5 5 01, (HILRERGZ
SMEAS S5 F AHL AEAE, IR LA
R FONFE CV026 5 (R R 1) A 52 20 T A
PACIRRONE VR, T AR A SR 000 o] 50 2 1 ) G 22 (5
e E

I T AR B S AT CV026 7
ST R AN HIVE AT IR QS il vE 0,
C. violaceum CV026 ] 5B EE(5 5 50T 06
QS A%, FERERR; HH QS REzM
Wy, SRR A FG, A B,
ANEI R, QR 2 B, BSOS IR R R Y i
AKSEY S, BFLE AT s AN I Y
B, T EL R R ) A BE AR R R Y
ST A o 5 R SR B R U N R TR
CV026 AYFFASERAF I AR, iy AR
W HCHAE o

2 AEIREZEMIREEIXT Chromobacterium
violaceum CV026 EBEZZ=ME M  con:
2 X R MR R E A a
8.00 mg/mL; b: 4.00 mg/mL; c: 2.00 mg/mL;
d: 1.00 mg/mL; e: 0.50 mg/mL; f: 0.25 mg/mL
Figure 2 Inhibitory activity of the sub-MICs of
FSE on the violacein production in Chromobacterium
violaceum CV026. con: Blank control group; The
concentration of FSE are a: 8.00 mg/mL; b:

4.00 mg/mL; c: 2.00 mg/mL; d: 1.00 mg/mL; e:
0.50 mg/mL; f: 0.25 mg/mL, respectively.

23 ZBERTFETENELER

SO H) 5 OR R Z BRI RS
P, I, RGNS T R AR A RUA R
Py Ok A AR PR . SRR R A
A LUE A B E MR AR, R OMERVIEA
PR AR, AR I BB LR O G
MR ORE T RE D WK 3 s, SRR
Py T AE AN MR A0 1R L AR R A B0 R ] 55
FFE CVO026 A IR R, BEE SRR ERY
B, AR R R, R
Witk FlE e HCH e RE R38N, i R 5 U X

A

0.00 1.00 2.00 4.00 8.00
Concentration (mg/mL)

B 0.25 - @ Violacein production —=—Biomass 1.2

> ] » § L) L]

gam- s e “OA

= {108 &

@]

g 015t . S

g 10.6 ﬁ

= 0.10 - a §

.g 104 3

5 005r 1o2

S .
0.00 0.0

0.00 1.00 2.00 4.00 8.00
Concentration (mg/mL)

3 EREBYIXS Chromobacterium violaceum
CV026 £ KRNAMEBRERE~EBHNEMN
P ) - B AR R 22 5 N 3 (P>0.05), ANIF]F
BpR2E R % (P<0.05), TIA

Figure 3 Violacein production and Chromobacterium
violaceum CV026 biomass after treatment with the
sub-MICs of FSE. The same letters represent no
significant difference (P>0.05), while different

letters represent significant difference (P<0.05), the
same as below.
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200 R AT HI R 2.61%IE 5] 56.30%, 4
e )N 8.00 mg/mL Bl 1/2 MIC B, 04l S8 i
ik 56.30% (P<0.05).
24 EHRBITEKSEREEKH
=AU

i U B U X R K ST 1 MIC
16.00 mg/mL. N1 4 i, WEKSHME S5 A
[Fi) STV 410 7 & T (4.00 . 8.00 mg/mL)3i% 342 HY
WA R gent, HA K M2 5 R 24 L
SR, U WA TR v BT % R R U X v K
SRR B IE AR R TER M, I HAS S X
T AL F T B IR ARSI Geng 45PY
WF7E 25 FAH—2L, Geng %5 & BV M B HE T Y
R R 2 ) ] AR PR M D i AR K TR . [
I, JESEIZI M 2 0.00-8.00 mg/mL.
25 EXEBRYINEKSEREFEST
A

I 7K BRI T 132 Bl Re ) T E R AR S 3
TR HAIATRIE . WK LEREAE 2 3
Sl b AR A5 1) DU R B AR BAR K,
TR K S T B R iz s 1Y Y
FHE IR B AL BN, A0 00T A% B A B 50
INEL 5) o BEA KSR R 38 I A
FAYEE ., B3R 1 5, MiERUKIRYIWRE N
8.00 mg/mL B}, XFEKSHNEREEER shrym

L4y
—a— (.00 mg/mL

12t —— 4,00 mg/mL
’ —o— 8.00 mg/mL

1.0t

0.8t

0.6 1

OD, 600

04r

0.2r

0.0 le=¥

0 24 6 810121416 18202224 3036 48
7(h)

4 ERRIIXNEKSBEEE KR
M PR (AR R 2, n=3
Figure 4 Effect of the sub-MICs of FSE on the
growth of Aeromonas hydrophila. Data are
meantSD, n=3.

iR K 85.70%
2.6 EFREBRYIMNEKSEREEAEE
ed:0EA10)

Tl A= 0 0 0 ) B P T TT DA A iR R Y
B TR B AR, 7 AR SRR 1
PEABOE AL A, DA i st AR, S8
TR MISCRFIE R, A0 2
(150 W22 3] QS ARG, T L3 L s i 22
AP E RN PYAE QST K BLAN H A E 1

5 ERBREMIXIEKS RRERES IR

Pl v N 2 AN TR e SR 3 AR U A ) o

KB ITR EAR, A: XTRE4]; B: 2.00mg/mL; C: 4.00 mg/mL; D: 8.00 mg/mL
Figure 5 Effect of the sub-MICs of FSE on the swarming motility of Aeromonas hydrophilia. The

contents in the figure show the migration diameter of 4. hydrophila after treatment with different
concentrations of FSE, A: Control; B: 2.00 mg/mL; C: 4.00 mg/mL; D: 8.00 mg/mL.
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* 1 ERREINEKS BRI R DHRIFNT

Table 1 Effect of the sub-MICs of FSE on the
swarming motility of Aderomonas hydrophila

W i SNl ENiES
Concentration Swarming motility Inhibition rate
(mg/mL) (mm) (%)

0.00 41.88+0.16d -

2.00 33.50+0.23¢ 20.01

4.00 26.82+0.37b 35.96

8.00 5.99+0.22a 85.70

e B EUREEER IR ZE, =3 - S EAX A
ANEFEMHZE;, AR/NEFR@, b, c. FRERHEA
M (P<0.05)

Note: Data are mean + SD, n=3; —: There was no inhibition

rate in blank control group; Different lower case letters (a, b,

¢, d) repersent significant different (P<0.05).

B oy b W AR . SRR WI(E 6), TEMR
AR b, AR 2234 AR B A B 40 TR
B, U B T BOREWIE, R
Uil W N I s 0% S R T RO
B, SEOEME A KRy LS
AT b, JLEWIRE R EAR N, T E R
W B O, 7 W PE AR BN S5 SRR,
T TR 7K AR ) RE A1 ] KR R ) 2 1 T
P 2).

2.7 EFREBWIXMEK S BHEE AHL 2
A

B ST 43 B E LGN EE X 0 A g 7K SR
MO Al = A C4-HSLU, R A ik, 28
I CV026 FIEAHIIMNESE ST AHL BIAF
e, SRR RGP AL R I 2B A
B, BB EAER AHL 19X ™
o ZEIRERW, SXTRAAALL, R AL
PR 58 o 52 B ELAR IR0, T L 2 B 3 A
PE(E 7)o SHEHUYM R 8.00 mg/mL B4
FA[K 19.97% (£ 3).
2.8 EXIRBAIRR T oA

YR P 28 HFUER
B AV S U AR PR S e, DA
¥ R4 25 S e O ) A B R J% 0L 0 o) 3%
PRI, R4 MR 8 GEALERIT, TR L E
LU E 38 Bl AT, kA AR IR 1A X
WePE N 319.22 pg/mL, SN 14.25%; 3T
FIFAXTHR K 206.75 pg/mL, N 9.23%;
MR A AE MRS 68.04 pg/mL, i Hh
3.04%. IR, HMHEET . EmR Tt
MIMERR . T MR L R SE s B BT
WL BUAEPIRR . IR RN S 2 AR

Bl 6 ZEARMYINEKSEREELBEENTMN

] v 25 1 Bl A s A [ e 2 3 R i B Ak

PRJEIE K S M O BTG R, A XFFR4L; B: 2.00 mg/mL; C: 4.00 mg/mL; D: 8.00 mg/mL

Figure 6

Inhibitory effect of the sub-MICs of FSE on proteinase activity of Aderomonas hydrophila. The

diameter of the transparent circle in the figure represents the protease activity of A. hydrophila after treatment
with different concentrations of FSE, A: Control; B: 2.00 mg/mL; C: 4.00 mg/mL; D: 8.00 mg/mL.
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x 2 EARIIMNMEKSERERIERARE £ 3 EHRENYNEKSERE AHL =2/
& TR R MR A

Table 2 Inhibitory effect of the sub-MICs of FSE Table 3 Inhibitory effect of the sub-MICs of FSE
on proteinase activity of Aeromonas hydrophila on AHLs production of Aeromonas hydrophila

W W B EIGHES W Fo2EER GRS
Concentration Diameter of transparent Inhibition Concentration Diameter of Inhibition rate (%)
(mg/mL) circle (mm) rate (%) (mg/mL) purple halo (mm)

0.00 26.39+0.11d - 0.00 39.39+0.12a -

2.00 25.21+0.47¢ 4.47 4.00 38.90+0.43a 1.24

4.00 21.76+0.35b 17.54 8.00 31.52+0.30b 19.97

8.00 17.12£0.29a 35.40 T BB B bR R 25, n=3; —: 25 FIX BRAE
TE: EI O P ebr e 22, n=3; —: AN A RAEAEMH R, RE/NG F . b)FRES A4 850
AEAEIR % AA/NEFER@, b, oo DFRREFEA (P<0.05)

5 E M (P<0.05) Note: Data are mean£SD, n=3; —: There was no inhibition
Note: Data are meantSD, n=3: — There was no inhibition rate in blank control group; values with different lower case

rate in blank control group; values with different lower case
letters (a, b, ¢, d) represent significant different (P<0.05).

A B C

El7 EPIEIYIXIEKS BME AHL Z2 05
Mg & g o 5 P B AR o A [ v 3 i S R L
Y PR E REOK S A B AHL 2 hE, A XHHE

?f; B: 4.00 mg/mL; C: 8.00 mg/mL

Figure 7 Inhibitory effect of the sub-MICs of FSE
on proteinase activity of Aeromonas hydrophila.
The diameter of purple halo in the figure represents
AHLs production of A. hydrophila after treatment
with different concentrations of FSE, A: Control; B:
4.00 mg/mL; C: 8.00 mg/mL.

29 DFIEER
PEAFITIRGE , WIMERR . M R PY L A
ik V5 1 43 A7 A B AR SR, PTG P, BT
AR P 2R sy, PR EH
BT . WMERR . MR L AT S R it T
OrFXtEE, AT KRR B A AR R N A 1

letters (a, b) represent significant different (P<0.05).

WEPERI ML . XL R RV 9), #itik
. OHERR . MR LasR ZIRLE G,
ST RESR B0 ) —8.014 . —6.444 . —4.604, Xf
F2 03 B0/ W WY 45 5 B B . M R
M ¥ 5L 5 LasR 52K/ Tyr56. Thr75. Glyl126
Z Y B AU s MnMERR AT 5 LasR AZ (KW
Tyr56. Ser129 Z [AIJE MU S5 ; #7115 Tyr56
Z Ry &S5, XWF LuxI A, AW
MERR Al 5 1le107 Z [ A5 . 4T . 4
BRI ARAE S LasR 2R AEXTHE, WHREREAF
SRR EE R

O FXPEGE IR RW, R U R AR A
JR 7 AU ) o5 P A 1 2 A A S A B 2L e
RFIATAETE , Wit 5 LasR 235 Frih4s 15
ST, MM QS R4, HEMmMHIAEE
HHFRIFEE, X5 Zhuang FUORGHF 7T 45 R
—3 ., B, Geng HEPUHIBISRGE IR LI, KB
BRI R R EAE
LasR 32 /R85 11 (47 28 16 P A7 i 45 & Tk #EAH
HAEA, gy B A

Tl
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Table 4 Component analysis of FSE

5 2 I SFE REERE AR E
No. Names Formula Molecular Retention Relative concentration

weight time (min) (ng/mL)
1 2-CA-TFERIE) LI 3-(6- A -B-L-ILm H #E M FE)6-[2E)3-  CaoH3s015 62421 6.513 486.390
(3.4- R R IE)2- S K] -B-D- M A HE AT
2-(3,4-dihydroxyphenyl)ethyl-3-O-(6-deoxy-p-L-mannopyranosyl)-

6-O-[(2E)-3-(3,4-dihydroxyphenyl)-2-propenoyl]-B-D-glucopyranoside

2 EM-4FEFrR Mussaenosidic acid CigH,40,9 376.14 4215 319.220
3 FEFMF Phillyrin CyH3,04p  534.21 8.049 206.750
4 4-FH KN % 4-methoxyphlorizin CyHy0y9  450.15 6.207 72.630
5 % FBETT E Forsythoside E CyH3001,  462.17 4.793 68.040
6  AIELETER D-(-)-quinic acid C;H;,0s 19206  0.817 60.090
7 K% HiF Plantamajoside CyoH36016  640.20 5.914 52.150
8  MEEEME o,a-trehalose CpH»0q  342.12 0.803 50.470
9  MMIBEE-4-O-B-D-ML M 25T Pinoresinol-4-O-glucoside(+) C,H3,0yp 520.19 7.522 41.370
10 KK ZEEFT A Calceolarioside A CyHy60,,  478.15 6.792 36.240
11 ZI5 K7 Salidroside C4Hy00;  300.12 4731 31.550
12 ZHE Benzyl alcohol CigHy019  402.15 5.680 29.920
13 WMERZ Caffeic acid CoHg0, 180.04  5.742 16.300
14 ¥#BEIR Citric acid C¢H¢O, 192.03 1.124 16.220
15 77 Rutin Cy7H30046  610.15 6.494 12.090
16 (2E)-3-[3-(Z 9 H B Z NI iR CioH7F;0, 216.04  0.782 12.070
(2E)-3-[3-(trifluoromethyl)phenyl]acrylic acid
17  ¥AJEW; Pinoresinol CyoH»06  358.14 6.977 8.910
18 16,17- 3234 >4 K -18-JMFR 16,17-dihydroxykauran-18-oic acid C,)H3,0,  336.23 9.649 7.500
19 D->PFLHi D-(+)-galactose CeH;,0s  180.06  0.810 5.080
20 2,231 FF RN -(4- FF JE-6- 80 T IR ) Cy3H30, 34024 16734 4.800
2,2'-methylenebis-(4-methyl-6-tert-butylphenol)
21 NSRS BR N-fructosylpyroglutamate C,;;H;;NOg  291.10 1.129 3.020
22 FHFEBE T Coumaroyl hexoside (isomer of 691, 692) C;sHis0s  326.10 5.318 1.750
23 5% Quercetin-3-B-D-glucoside CyHyoOpn  464.10 6.704 1.580
24 6,7-—FIFT XK 6,7-dihydroxycoumarin CoHO4 178.03 5.670 0.800
25 Hi#ifEZE Quercetin CisH00;  302.04  8.962 0.780
26  N-RAE-F2 R N-fructosylisoleucine C,Hy3NO;  293.15 1.305 0.760
27  D-f8% & D-(+)-tryptophan CiHN,0, 204.09 4,549 0.750
28  E%HTZE Hispidulin Ci6H1,06  300.06 11.317 0.450
29 F R Azelaic acid CoH ;404 188.10 7.471 0.430
30 1-BEET /R 1-hydroxy bufuralol C,H;3NO;  277.17 11.045 0.270
31 (152)-9,12,13- =5 F-15-+ /AR CigH3405  330.24 9.890 0.290
(15Z2)-9,12,13-trihydroxy-15-octadecenoic acid
32 FRRIBWIER F Corchorifatty acid F C;sH;0s 32822 9.536 0.190
33 RIRWENERT Pseudouridine CoH,N,Of  244.07 1.165 0.160
34 WHERR CUBETT Caffeic acid hexoside CisHig0y 342,10 5.170 0.150
35 IS Xanthosine CoHpN4O4 284.08 1.646 0.120
36 WIXR (£)-Abscisic acid CisHyO4  264.14 8.550 0.090
37  WERERZ S Ethyl myristate Ci¢H3,0,  256.24 18.202 0.050
38  FrETE Citral CyoH,0 152.12 11240  0.014
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Figure 8§ HPLC-MS/MS chromatogram of FSE.
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Figure 9 Molecuar mocking analysis. A: Caffeic
acid combined with LuxI protein; B—D: Quercetin,
citral, caffeic acid combined with LasR protein.

QS RGRIET AFFWIN A B B K ff
R AR . M55 0P IR B (A AT
AHL 5%ZKEAHEERN, IS QS 1558 i
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B, XTI 7K B A R A2 Bl e T I B o 2R R
85.70%, 5 Li “EMIgiFoE 45—k Li %P
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