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Abstract: [Objective] To investigate whether cinnamaldehyde affects the acquisition of exogenous
plasmids via conjugative transfer in Vibrio harveyi and to elucidate the potential mechanism.
[Methods] V. harveyi 345 was used as the recipient strain, and an Escherichia coli strain harboring
the shuttle plasmid pMMB207 served as the donor. The efficiency of exogenous plasmid
acquisition by V. harveyi via conjugative transfer was analyzed before and after cinnamaldehyde
treatments at three different stages: Treatment 1 (cinnamaldehyde added during the early
logarithmic phase of V. harveyi), Treatment 2 (cinnamaldehyde added during the plate-mating
process), and Treatment 3 (cinnamaldehyde added during both stages). Changes in biofilm-forming
ability of V. harveyi before and after cinnamaldehyde treatments were assessed. Furthermore, qPCR
was used to monitor the changes in the expression of quorum sensing (QS)-related genes under
Treatment 1 and Treatment 2. [Results] Cinnamaldehyde at 0.5, 1, 2, 4, and 8 pg/mL reduced the
conjugative transfer efficiency by 59%, 98%, 87%, 85%, and 83% under Treatment 1 and by 51%,
85%, 36%, 93%, and 49% under Treatment 2, respectively. Under Treatment 3, cinnamaldehyde at
1, 2, and 8 pg/mL decreased the conjugative transfer efficiency by 71%, 14%, and 75%,
respectively. Cinnamaldehyde treatments did not significantly alter biofilm formation. Under
Treatment 1, cinnamaldehyde led to no significant changes in the expression of QS-related genes
(P>0.05). Under Treatment 2, after 4 h of conjugation, the treatment with 8  pg/mL
cinnamaldehyde downregulated the expression of luxM, luxN, luxS, and luxP by 1.47 to 2.94 folds
(P<0.05). Meanwhile, treatments with 0.5-8 pg/mL cinnamaldehyde downregulated /[uxR
expression by 1.16 to 3.19 folds (P<0.05).[Conclusion] Cinnamaldehyde suppresses conjugative
plasmid transfer, most likely by attenuating quorum sensing (QS). This study elucidates the role of
cinnamaldehyde as a natural compound in regulating bacterial gene transfer and the potential
spread of antibiotic resistance, providing a reference for the development of novel antibacterial
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adjuvants.
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A3 AT TR R I A B AT I A W B B R BB B, IR
FH qPCR B ARG PR A e A BT J5 2 5 PR 2R b 4
P QS JCEIL R Y Fe R K TR Ak, LT BH DA A
S 75 3 1 A A W RE iR QS RS SRR
NG . AWEIE B 1648 78 R I 1 v
AN A B RS, B M EE T
R T BT T IR ) A T R U R B LR
SR, A A T R K SR T 24
PEALRE AL TS AL M

1A o

1.1 7R

L11 B BRIANG |4
ZARTE M 0 HE K (Vibrio harveyi) 345, fit

VR T O & 28 R TRL pMMB207 19 K 1 #F 18

(Escherichia coli) GEB883P), {17 T 7K S 56

1 K5 ERF R

%o AU HIRRFNBOR LR 1, 510K 2.
112 FZEGHFILES

Y REEE . FF 3LV A (dimethyl sulfoxide,
DMSO). 4k /%5 (crystal violet), PBS 2% i .
DEPC /K, ‘BT AW TR ) Bh AR ;
2xAccurate Taq TR (5 4ekb), R R A=
M THRARANE; 2,6- & KB (2, 6-
diaminopimelic acid, DAP), V% ¥ B8 B 25 ( [
T 5 A RS H]; RNAiso Plus, F H EAEYH:
ARAEE)ABRA R 5 B 5150 & HiScript 1l
Ist Strand ¢cDNA Synthesis Kit (+gDNA wiper) I
2¢ 6 11 ) v ik ¥ & Tag Pro Universal SYBR
qPCR Master Mix, g 5% i MEBE A V) RHE R A A
FRAE]; DNA $RHUAR &, RARARH AL
SOARATR; =ZEAW b, SNRE. TTKORE .
(AR 2), HiEBE2GEBARA R,

384 fLo¢ G %E it PCR 1¢, Analytik Jena 2%
Al GRS AR O, Sigma-Aldrich 237 ;
H 3l 285K A%, T SR AR W 7 LAy
AMRAF; BT, Bl ERARA
Al FRIK, KRedilmiEs; BieTES,
IR AT IR A R S5 T,
Thermo /A F] .

1.1.3 FEEFHE

LB (luria-bertani) 3 F2 5 LIE ¥y, | AR
ALZED R AR AR . LB B bi(g/L): R
FI 10.0, EERERW 5.0, NaCl10.0, LBS (luria-
bertani-salt) 35 57 3£ 2 I LB 5572 LI DIL R,
¥ NaCl ¥R B H2 = %2 30 g/L. A 35 3L 359

Table 1  Strains and plasmids used in this study
Strain or plasmid Relevant characteristics Source
Strains

Vibrio harveyi 345
southern coastal region of China

Isolated from the kidney of diseased groupers cultured in the NCBI database CP025537.1-P025540.1

Escherichia coli GEB883  Escherichia coli wild-type strain K12 AdapA::ermpir RP4-2 [27]
ArecA gyrd462, zei 298::Tn10; conjugative donor strain

Plasmids
pMMB207

Amp®, Cm®, MobA, RecpA, RepC, lacl

[34]
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R/2 AAARETASI
Table 2  Primers used in this study

Primer names Primer sequences (5'—3")

Application

CTACTGAGCGCTGCCGCACA
TCGTTTTATTTGATGCCTGGCAG

Com-pMMB207-check-F
Com-pMMB207-check-R

Verify whether the pMMB207 plasmid has been
successfully transferred into Vibrio harveyi via conjugation

qPCR

reference gene

luxM-F CGACTTTGTAACCTGCTTGGTGC
luxM-R TTACATCGCCAACACTGTCAAAGTG
luxN-F TAGCGACTTACGGCTTGGTCTAC
luxN-R GAGAATGGACAAACAGCGATCCAAC
luxS-F CGATGCAAACTCCAAAGGGAGAC
luxS-R CCAATCAAGCTCATGTAGAAACCGG
luxP-F CAGTGTGCTGATGAACTTGGTCC
luxP-R CACAGCCAGAAAGAGAGAAGTCGA
luxR-F CGCGAAGGCAAACACCCTATC
luxR-R TCTCACCACGTCTTTGAGCGTAAA
gyrA-F AGGTGTTCGCGGTATGAAGC

gyrd-R CGTTGGGTATTCCGCTAGTTC

15 g/L BJEP, LB+20 pg/mL Cm+0.3 mmol/L
DAP ¥ /[ R 55 52 3 | LBS+34 ug/mL Cm
PRI FR5E . LBS+0.3 mmol/L DAP [ {445 5;
3 . LBS+0.3 mmol/L DAP+0.5. 1. 2. 4,
8 pg/mL RIEEREEAMARRE 73, . 8 ng/mL RAE
MEY) LBS FE AR BRI . PRI 80 mg PIEERE N
A 10 mL DMSO 1, $2 S& 150 il 2 56 2 i
55 8 mg/mL WFERSAER, 2 0.22 um JEfEIT
U B 200 pL EIRIEWINA 200 mL LBS [ 4/
W AR R R AR R kB 0.5, 1. 2.
4 ng/mL WAERER LBS B3, DL FiE s
BCELH, BC AR R 75 2R
1.2 EPREACR

W42 1 T W 4 IR 345 T LBS PRI £k
28 °CHAE 197 16-24 h, PRELPATR IS, R T
3 mL LBS WA F=%EH, 28 °C, 180 r/min £ 5
16-24 h, MR EE O, 05, 1. 2. 4,
8 pg/mL) AREES (3T i LBS JC I 15 77 3ok 1y 7%
U1 B TR BE 22 ODgoo=0.01, 28 °C . 180 r/min
BrgR, MRS [F] B 8] 2509 ODeoo 1H, 2 A4 K
HHEE

PR pMMB207/E. coli GEB883 T LB+
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20 pg/mL Cm+0.3 mmol/L DAP FHi %]k, 37 °C
FHE TSR 16-24 h, PRIRCAT VR, 4EFT 3 mL
LB+20 pg/mL Cm+0.3 mmol/L DAP W & 35 3% 3t
i, 37°C. 180 r/min }5 %% 16-24 h, FHEINA
W0, 0.5, 1. 2. 4. 8 pg/mL) ARS8
fif LB+20 pg/mL Cm+0.3 mmol/L DAP JC & £ 7
oG BSR4 B B BE 2 ODe0o=0.01, 37 °C .
180 r/min 555, Al FH 43 60 R T W DA [w] B[]
U ODgoo fH, Zetfil A=K thZe
1.3 EEERBEKER

HEAA T pMMB207/E. coli GEB883 K| 4k 43 Fil
T LB+20 pg/mL Cm+0.3 mmol/L DAP - fz ,
37 CCHHE IR 16-24 hy ZIREIGHEINE 345 X
AT LBS P, 28 °CHfrE 1% 16-24 h;
BEAE pMMB207/E. coli GEB883 HkHU A V4 1
T 2 mL LB+20 pg/mL Cm+0.3 mmol/L DAP ¥
R FRHE, 37 °C, 180 r/min B335 16-24 h, %
PRBE PG ARSI 345 PRECR T 5370 T 2 mL LBS
WAKREFR%E, 28 °C, 180 r/min }57% 16-24 h.,

W K IR o Y it K I pMMB207/E. coli
GEB883 4% 1:100 i B = 10 mL LB+20 pg/mL
Cm+0.3 mmol/L DAP ¥ {& K5 32 3L, 37 °C |
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180 r/min RFE8% 55 2 AR
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ASCHE 320 18 32 A T 6 T i 7 2 o 55 1
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BRI IR 2 R WA e ER 345, Z AR A ZEN
P 345 #% 1:300 i B 2 3 mL LBS+ R H: (0,
0.5. 1, 2, 4, 8 pg/mL)RIRE;FEI T, 28 °C,
180 r/min 5 3% & ODey=0.6-0.8., 15 It 1Y%
AT 40 °CHEL 30 min J&, SHMAREZ 1:1 A9 LA
BA, &= FLL 8000 r/min B.0> 2 ming WK
Y, WCERARDLE, 50 uL LBS MR IR
HE, SFF LBS+0.3 mmol/L DAP ¥4k I, 15
BRI TS, FIET 28 cCH i BTk
1.5 EEHRBIIENIE 2

AAE S AR TR AR TR A 422 G ok B b ik A7
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MG TS o SZARPEIG YRR 345 F2 1:300 i
FE 2 prif LBS ARG 5= 30, 28 °C. 180 r/min
2% ODgoo=0.6-0.8, FH5 32171321 40 °C
P 30 min J5, HHUATEHE 111 WHLEIE A,
Z R T LA 8 000 r/min &5 .0 2 min; ME 2R E
W, BADIVEN 50 pL LBS H&, AT LBS+
0.3 mmol/L DAP+ P HE (0. 0.5. 1. 2. 4.
8 pg/mL) - FHe b FEmiwll )5, #l&EF
28 CCHEFAR T E B R .
1.6 EEHBITRELIE3

T A8 1 32 1R TR s o 5 7 2 B DA =7
TR TR RN AIEAR PSP A i R rp 3 A T b 3, A%
RIS AEDR B 345 #% 1:300 Fi B 2 3 mL LBS+A
FEREO. 0.5, 1. 2. 4. 8 ng/mL)iEIASEFHE,
28 °C., 180 r/min 5% £ ODg=0.6-0.8, K Hi
U2 KB 40 °CHGE 30 min Ji7, SAMAREZ 1:
1R A, =8 T L8 000 r/min &5 0>
2 min; IR ZBR L3, BARDIRER 50 uL LBS
FwE AR T LBS+0.3 mmol/L DAP+ A HE
BEO. 0.5, 1. 2, 4. 8 ug/mL) 4R b HFHEHK
TS, BIET 28 CCREF A B e 17 .

1.7 BEEERBUESH

FHAZRR AT R AL 1-4bBF 3 5 A5
WBE, H 3% FAfbBiEmERE . HEEREET
L 8 000 r/min B.0> 2 min, JH 3% SALANIE R UE
WLk, B 3% AL E A, 4% 10 £
JERBER 10, 100, 1000 1. ¥ 100 155 B
& AT LBS+34 pg/mL Cm P-4z |, 28 °CH; 3¢
16-24 h JE 180G T80 B 1 000 £7546 BRI
%A T LBS AR b, 28 °CIEFE 16-24 h 54k
ZARER R, AR R M AR()ITR,

PR RUR=1 6 TR S AR B AR < 100% (1)

1.8 EEFERE

BEDLPEH LBS+34 ug/mL Cm “F-#z I 1854
%, LLHAEH DNA MR #47 1 % PCR, FIH]
pMMB207 Jiz ki 4 51 9] com-pMMB207-check-
F/R, %@ NURLE S I A B 20 4R 32
&R . PCR RN H& &R (50 uL): 2x Accurate Taug
TR (& Yk 25 uL, L. TUF514(10 pmol/L)
% 1 uL (3% 2), DNA 4R 1 uL, ddH,O 22 pL.
PCR JZ W 25 : 94 °CTIAS 1 30 s; 98 °CAF M
10s, 58 °CiB k 30's, 72 °C%Effi 2 min, Ik
35 MIEFR; 72 °CZAEA 3 min,
1.9 FE#HRE IR

W2 AR T S 4D 345 T LBS ARk,
28 CCEFE 1555 16-24 h, PRECBATA K, /0T
3 mL LBS #iAREF=FEH, 28 °C., 180 r/min K557
16-24 ho HIMINASFEWE O, 0.5, 1. 2. 4,
8 pg/mL) A EERE B 6 LBS JC I 85 55 5of 1 7
U B BB 1:300 R RE. B 1 mL BEROINA G
24 LIRS, B EEFRIN ] A 6 B bR AR
W72 A= W) IE ODszo 15, 73158 6 B A A I o
ODgoo (H o SE5G T 3 AW TR 2 IR E
52, 28 CHrErligR 12, 19, 24, 36, 48, 60 h,
JHFI0 5 A= W JE ) B A Al B VR N 2 W S TR TR
JEWR T30, A PBS 2B ik k% 1 1k 13
B TE, M 10% H R E 20 min, W EE
FEMRT 5 A 0.1% &5 SRR =R E RO
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20 min, WEHUYL, FH PBS ZZnpilivk 2L 44 8 000 r/min & .0> 2 min, MK LB LWE, H
W A 95% LB EE, iRV 30 min+ 1 mL RNAiso Plus F &, HEEUE RNA 472
JEAEHIBEARGE ODs7o (B, AWML T gk, AbPE 2. PARIES 1. 2. 4h)5, FHEMER
HAAKQ) TR, WIS PA EA#EE, 1 mLRNAiso Plus &, 12
TEYIRAIE IR =ODsff/ODsoof . (2) B #4 RNA If #f 17 2 #% 55 . F H Tag Pro
1.10 qPCR D ATEF AN HEXERE M Universal SYBR qPCR Master Mix #172¢ e 18
mRNA 7K PCR ¥4, FemtEgI ¥ W3 2. 5k 3 MY
MRPE S 4E N FE N 455, B ApE #ff S EE (A EERSR I T 3 N Fe R4 ),
Wit QS MK qPCR 5I¥(# 2), el B EYFHEEMIET 3 RERER ., UE
il PCR 4734 K=y y Wik 5 | re e o B RN grd AINS:, R 27807 kPO 45 3%
2 DNA B IREO AT . f#i 1] DNA $#250K (OF EPO SV =
@ISR AEINER 345 FIRIAFT IR GEB8S3 1,11  BUBRAMES ST

19 DNA, PCR RIIRAREO uL): 2xApexHE S gy el ffabietibale (7908 % )y 2407
PCR Master Mix 25 puL, [, Ti#514(10 umol/L) (one-way ANOVA). P<0.05 77 2% % B 4t
% 1 uL, DNA #ifk 1 uL, ddH,O 22 uL., PCR 2

FUWFERE: 94 °CHUEM: 30's; 98 °C81: 10, 58°C

K Ss, 72°CHEMf 2 min, 3t 35 MEFR, WA 2 SR 5 4HT

B E G PR S | W A b 38 1 MR B 2 [ S " e TR
AL OS HCIE mRNA KPR, i 2 RiERNEEINEMXFETEEK

1. FRER 14 BT, BT S A E A

017 K T (ODgor=0.6-0.8) | mL WL, %3 F B WP 1B, R PR R H 9 A
Ay r——0 pg/mL B 9. sy pg/mL
-+-0.5 pg/mL -+-0.5 pg/mL
| a1 pg/mL — | 41 pg/mL
6 6
2 pg/mL ) S — 2 pg/mL
-e-4 pg/mL p i -e-4 pg/mL
5 L-*-8 pg/mL iy 5| ~*-8 pg/mL 3
§4T g4t
Q Q
SEN| C 5l
21 2|
1+ 1k
0 5 10 15 20 25 0 5 10 15 20 25
t/h t/h

Bl FEKE AR 4EII R 34550 X AT EIGEBSS3E KA F2T

Figure 1 Effects of different concentrations of cinnamaldehyde on the growth of Vibrio harveyi 345 and
Escherichia coli GEB883. A: Effects of different concentrations of cinnamaldehyde on the growth of Vibrio
harveyi 345; B: Effects of different concentrations of cinnamaldehyde on the growth of pMMB207/E. coli
GEBSS83.
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[b, PAYEDREE 345 76 0.5, 1, 2. 4, 8 ug/mL
PIAERE ) LBS 3 & S rh A K T 1 3% 22 = (P>
0.05, ¥ 1A); AR pMMB207/E. coli GEB883
TES 05, 1, 2, 4, 8 ug/mL PR A 55
R TC L E £ 5(P>0.05, E 1B),
2.2 RIS A AR IR
AbFR 1, BDFHE 05, 1, 2. 4, 8 ug/mL
FERE R LBS VAR RS 5 5355 95 1 1 32 AR B e 4 50
TR, 4 SR A T PR A T 0 s 4 TR 4
B e B 0 BCAI U Bk 5 AT B S 34 i 4 HH (P<
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Table 3  Effect of cinnamaldehyde on conjugative transfer efficiency of Vibrio harveyi

Treatment Cinnamaldehyde concentration/(jrg/mL)

0 0.5 1 2 4 8
1 1.00 0.41"" 0.02"" 0.13"" 0.15"" 0.18""
2 1.00 0.49"" 0.15""" 0.64""" 0.07"" 0.51""
3 1.00 1.05™ 029" 0.86 0.99™ 025"

Values are presented as the average conjugation frequencies per recipient. *P<0.05; **P<0.01; ***P<0.001; ****P<0.000 1; ns:

Not significant (P>0.05).
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Figure 2 Changes in conjugative transfer efficiency before and after cinnamaldehyde treatment at different

stages. A: Changes in conjugative transfer efficiency before and after treatment of logarithmic-phase recipient

Vibrio harveyi with cinnamaldehyde; B: Changes in conjugative transfer efficiency before and after

cinnamaldehyde treatment during plate mating between recipient Vibrio harveyi and donor Escherichia coli; C:

Changes in conjugative transfer efficiency before and after two-stage cinnamaldehyde treatment. *: P<0.05; **:
P<0.01; ***: P<0.001; ****: P<0.000 1; ns: Not significant (P>0.05).
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Figure 3  Effect of cinnamaldehyde treatment on

biofilm formation in the recipient bacterium Vibrio
harveyi. Absence of asterisks indicates no significant
difference (P>0.05).
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Figure 6 Effect of cinnamaldehyde treatment on the expression levels of QS-related genes during the

conjugation process between the recipient bacterium Vibrio harveyi and the donor bacterium Escherichia coli on
solid media, both before and after treatment. A: Relative expression of /uxM; B: Relative expression of /uxN; C:
Relative expression of /uxS; D: Relative expression of luxP; E: Relative expression of luxR. *: P<0.05; **: P<
0.01; ***: P<0.001; ****: P<(0.000 1; Absence of asterisks indicates no significant difference (P>0.05).

AU PR AL T 5 BRI RS
3.3 AERRTEEESIEPRYEN
E R AR R AR R AEIE AT

TEAE AP AR L U PR R TR BB 68 2 35 52 e ey
i SN R FEAE R GG HE SR A 1k, IR
e 2SI TR 1o 4 A% AR MR B R

WETE R B, PRI T AR AR 6 1 O 5 [ )
MHWERTRAREHRE . AERS004(1 h F1 2 h),
QS KRN FIAR K ERFZN, A 4h
WU R T X — R AREIR T 5
VI, 2 AR AR, AR ST i A TR
1 A EEREAE D9 AHL {55001 B 38 S PERS PR,
AT ) 850 R 5 2 D 5 30 B 14 R K A 188 5
DRI AER Fr e I, BEEHEAH TR 4h, 4

P4 actamicro@im.ac.cn, 7 010-64807516

WA, F9 0 FRrg B, HANGE K
IR . e X Sh I DNA #4555 2 i
AL T BERUBCRAS . LR, REEBEXT QS 22
ARG B S M TR 800 0 2 S 0, AT R S RE
Wi TSRS35 5, B8 QS kLA
1

W 24 SIICTRT %) AR 1A BN 2R 490 3 1ok 22 A S PR O
P H FEARASEAT ]y o Horh S TuxM A fuxcS 53 5]
G 15 S AL-1 R AL2 (95 88 5 luxN il
luxP (5 luxQ I[RIE B2 AR 56 W) D) 4 % R )32
ML & ZIRE . TERAMEE T, ZIRE
F & PR TS M, W R AL BT LuxO,
73 7 A BE R B 5 /N RNA (quorum
regulatory RNA, Qrr), #1131 i 4% 0> 98 45 X+



e 4| YRR, 2026, 66(7)

3405

LuxR F8IF; MERMNREET, AiESYS
ARG, LY RRE AR A BERR N, 33 LuxO
PG, RBRXT LuxR AYE], DA E ShEEART TR
FHSEFER AT, QS R GEiH id sl 28 2 IR 1Y
A PR S S AN R AR, ORI TR B R
KGR S5, R BRI R A R I,

ABIGE K B, HE 45 Ao R it o A A 1
BEME QS RGP A MR, HAK
TN 8 pg/mL A A EE T 3E I fueM
IuxN. luxS. luxP FERIFERIK; 765 Fa ik Y
FE(0.5—-8 pg/mL) N,  [RIAE [ 2 66 I 38 40 il 4 0
P xR Wik . HAEIALHIAED 40 R .
PR 5 T R A o e AZ R R (40 LuxN A
LuxPQ) &5 My sl T BE , RZ M H: [ B Tk & Ji &2
MM S Sae s IR, tonl G i e shan i
DA ARG R 2 S R 4 ) 4 4 [ 4 b B o 1 O
S RN (luxM RN luxS) R 2E3K, T2
Al-1 5 AL2 5S4,

TN EE R, RAEEREXT xR Feik)) iz
Wk, — 5 B TR SR RE Ty, (AR
ZARFR S AL T IS RS, DA — L
LuxR (98 A% 55—, LuxR K
BRI 55 1 AR R PR ) DNA
ZEATETERY, LuxR Thigz s, H RS54
BRIE . T T 2 B A W I T A e L P 1) ¢
RZBIG, RASFEIES HEBRCR T B,
TEIE A, AAEERERT LuxR DORER T4 Al g
VS K B AR AL . ST SCRkoxt
HAMHOE R BT, AR T o,B-A
T NS5 R TR A s s bty B
G AR E B LR R R A EAE A, X —
SEMIERE XT3 LuxR (% DNA 454 2RE
KEE . MWAERVLE LA, RS AR
LuxR Y 10K e i 25 6 A5 4 BE A AR UMt A 22 5%
T REAL LuxR 1 DNA 54576, M BRH
T AR A J 07 TR 42 1 35 PR 38 R0 Rk s i 2K 1k
B 3 B HL AR Ik M R 25 F RS 5 o
%, =4 TH LuxR 54§ DNA 145400,

1T PR A e ) B o ) 30 o A 48 i 1) O 305 B
AR o

4 &

AWFFEUESE, A A S i e 4E KR
R GRS, LA ORIk B Fn 4 B
Ty AAMVE . AR, AR S R
M 0 2 T R AR B N OC B 3 I (AR luxM
luxN. luxS. luxP N O VEEFE D uxR) 1Y 32 ik
O o X — R AL Ry R A L A A 1 T
AN 3B e o 10 2 AL AR A3 T DG B R K
Wi, LR I A BE T R AR 7 Wy 1y ik 24 414 A% 475 BEL by
RMEBEE | HE S IEAY, XK = IR 58 4l
Tk 24541k ) o 4 EL A BRI ) S e S

AT LT A BT Bk,
B BT . AR A 2= SRR RS fEAT A
T T X 200 T 4 Jmy i R 3 38 B AU IA R0 2% 1) 52
DIR TR QS RGEAMY HAB TS AEAE I i H
W, oA R A Y T BRI
FEME 5 A] 4% 5 OB A% SR 4% 7 (W LuxR)
FHECAVEF DA I B CHG 42 A FH 9 3 S 4
I e, DLE 20 PP AR R RE R TR S PR ARG A 5
BEL T 50 47 A 5 1) TS 24 P A 1 O RICR S5 T A7k
X HE SR 7= SR B DD P AR R AR . kR g%
e fd R R A U A R S R R INME

&% STk = PR

Wit WSO SR BT S Bl
Pr. B3GR R IRSCBG BES . SekR
PEs I BRI B3CTHE s DR SRR
S5 Mgid: WXEHE R EBY, SRBOHHE .
{EE MR LFFERR

VR PRI AEAR AT a] RES SN AS STl i AR
A E R A s AR R
SE R

[1] Ho CS, Wong CTH, Aung TT, Lakshminarayanan R,
Mehta JS, Rauz S, McNally A, Kintses B, Peacock SJ, de

http://journals.im.ac.cn/actamicrocn



3406

LUN Haiye et al. | Acta Microbiologica Sinica, 2026, 66(7)

[10

[

P

la Fuente-Nunez C, Hancock REW, Ting DSIJ.
Antimicrobial resistance: a concise update[J]. Lancet
Microbe, 2025, 6(1): 100947.

Couturier A, Virolle C, Goldlust K, Berne-Dedieu A,
Reuter A, Nolivos S, Yamaichi Y, Bigot S, Lesterlin C.
Real-time visualisation of the intracellular dynamics of
conjugative plasmid transfer[J]. Nature Communications,
2023, 14: 294.

Deng YQ, Xu LW, Liu SL, Wang Q, Guo ZX, Chen C,
Feng J. What drives changes in the virulence and
antibiotic resistance of Vibrio harveyi in the South China
Sea[J]. Journal of Fish Diseases, 2020, 43(8): 853-862.
Deng YQ, Xu HD, Su YL, Liu SL, Xu LW, Guo ZX, Wu
JJ, Cheng CH, Feng J. Horizontal gene transfer
contributes to virulence and antibiotic resistance of Vibrio
harveyi 345 based on complete genome sequence
analysis[J]. BMC Genomics, 2019, 20: 761.

Liu L, Zhang QH, Li MZ, Li RT, He ZM, Dechesne A,
Smets BF, Sheng GP. Single-cell analysis reveals
antibiotic affects conjugative transfer by modulating
bacterial growth rather than conjugation efficiency[J].
Environment International, 2025, 198: 109385.

Ronneseth A, Castillo D, D’Alvise P, Tennesen,
Haugland G, Grotkjer T, Engell-Serensen K, Nerremark
L, Bergh, Wergeland HI, Gram L. Comparative
assessment of Vibrio virulence in marine fish larvae[J].
Journal of Fish Diseases, 2017, 40(10): 1373-1385.

VL, B30, JRACRE, W, SRR, VIR, &Y, 1
I . 2012 4F-2014 4F R 3 1 7K 5% 5 £ 2S00 B B 1y 24 90
BB AR AT 25 0 [0]. BT K =Rk, 2016, 12(6):
99-107.

Jiang K, Xu LW, Su YL, Wang Y, Guo ZX, Xu HD, Gao
F, Feng J. Analysis of antibiotic resistance spectrum of
Vibrio harveyi strains isolated from maricultured fish in
the South China Sea during 2012-2014[J]. South China
Fisheries Science, 2016, 12(6): 99-107 (in Chinese).

Shen GM, Shi CY, Fan C, Jia D, Wang SQ, Xie GS, Li
GY, Mo ZL, Huang J. Isolation, identification and
pathogenicity of Vibrio harveyi, the causal agent of skin
ulcer disease in juvenile hybrid groupers Epinephelus
fuscoguttatus * Epinephelus lanceolatus[J]. Journal of
Fish Diseases, 2017, 40(10): 1351-1362.

Ruwandeepika HAD, Defoirdt T, Bhowmick PP, Shekar
M, Bossier P, Karunasagar 1. Presence of typical and
atypical virulence genes in Vibrio isolates belonging to
the Harveyi clade: presence of atypical genes in Harveyi
clade[J]. Journal of Applied Microbiology, 2010, 109(3):
888-899.

WRZNSE . PRVEE T T T 24 14 g 7K A= P B T ) 490 R R
S B s SR 1 AP VR HI[D). HEZE - AR R,
2021.

Chen JH. The antibacterial effect of cinnamaldehyde
against drug-resistant Aeromonas hydrophila and its
protective effect on channel catfish[D]. Yaan: Sichuan
Agricultural University, 2021 (in Chinese).

—_—

—_

—_

—_

—_

—

—_

—

—_

1] SKEIUMS . AR LA o8 S 09 K 11 SR )T 34 4

actamicro@im.ac.cn, 7 010-64807516

[12

—_—

[13]

[14]

[15

—_

[16

—_

[17]

[18]

[19]

LR RO BGEAEHID]. Bhil: #hili ko, 2025.
Zhang KP. The ameliorative effects of cinnamaldehyde
emulsion on hepato-intestinal injury and glucose
metabolism disorders by high-carbohydrate diets in
largemouth bass (Micropterus salmoides) [D]. Foshan:
Foshan University, 2025 (in Chinese).

T WA . PRI - B 1 - - 4 SR 5 R ol
B HAEUR T B DLLR&E e i 1 [D]. R 5t p s 28k
24,2024

Yue CL. Preparation of cinnamaldehyde- a -tocopherol-
gelatin-dextran composite film and its application in the
preservation of Patinopecten yessoensis[D]. Nanjing:
Nanjing University of Finance & Economics, 2024 (in
Chinese).

Chen WY, Xia SQ, Xiao CG. Complex coacervation
microcapsules by tannic acid crosslinking prolong the
antifungal activity of cinnamaldehyde against Aspergillus
brasiliensis[J]. Food Bioscience, 2022, 47: 101686.
HHEES, EPCZE, RO, UL, X BRRE . 2 Fh YRR
FRURT K7 SO TR B A TR RCR LA T]. KR
Bezidi, 2024, 31(5): 67-71.

Han XY, Wang QK, Yao YX, Han NN, Liu LY.
Comparison of antibacterial and bactericidal effects of
two cinnamaldehyde preparations on aquatic animal
pathogens[J]. Journal of Tianjin Agricultural University,
2024, 31(5): 67-71 (in Chinese).

SK/NTT, ORISR S A% 5 BT T AR R LR F
SR, W EIRBIAE, 2025, 47(9): 1220-1226.
Zhang XK, Chen L. Research progress on the anti-
tuberculosis effect and mechanism of cinnamaldehyde on
Mycobacterium  tuberculosis[J]. Chinese Journal of
Antituberculosis, 2025, 47(9): 1220-1226 (in Chinese).
ARELER, B, MRIBAS, Fodse, 2L, AL R
VA TR e T o AR A i i T 25 49 1 5 W [T]. Feed
Research. 2022, 45(11): 52-55.

Lin YJ, Yang H, Lin PZ, Lu YB, Tang YH, Zhao CIJ.
Effect of dietary cinnamaldehyde on intestinal structure
of Japanese eel (Anguilla japonica)[J]. Feed Research,
2022, 45(11): 52-55 (in Chinese).

PEM, PR, E240R, 2RI, giPHE, R, £,
XA . s 28 RN PR AR /K iDL e (9 R[], 28
LR, 2022, 50(2): 12-14.

Li XM, Lu XN, Wang XQ, Li QG, Mao DT, Li GB,
Wang H, Liu JC. Application of allicin and
cinnamaldehyde compound in aquatic feed[J]. Journal of
Anhui Agricultural Sciences, 2022, 50(2): 12-14 (in
Chinese).

Mu H, Chen H, Fang X, Mao J., Gao H. Effect of
cinnamaldehyde on melanosis and spoilage of Pacific
white shrimp (Litopenaeus vannamei) during storage[J].
Journal of the Science of Food and Agriculture, 2012,
92(10): 2177-2182.

FEEIR, EIRZE, £, R . ARG BT 3 Fh
JK 7 Bl ) O T A R AR LG A (0], YL IR AR B,
2018, 46(18): 176-178.

Kang CY, Wang QK, Wang JB, Feng JC. Comparison of



e 4| YRR, 2026, 66(7)

3407

(21]

(22]

(23]

(27]

[29]

antibacterial effects of cinnamaldehyde liposome on
pathogenic bacteria of three aquatic animals[J]. Jiangsu
Agricultural Sciences, 2018, 46(18): 176-178 (in
Chinese).

Brackman G, Defoirdt T, Miyamoto C, Bossier P, Van
Calenbergh S, Nelis H, Coenye T. Cinnamaldehyde and
cinnamaldehyde derivatives reduce virulence in Vibrio
spp. by decreasing the DNA-binding activity of the
quorum sensing response regulator LuxR[J]. BMC
Microbiology, 2008, 8: 149.

Niu C, Gilbert ES. Colorimetric method for identifying
plant essential o0il components that affect biofilm
formation and structure[J]. Applied and Environmental
Microbiology, 2004, 70(12): 6951-6956.

Silva AF, dos Santos AR, Coelho Trevisan DA, Ribeiro
AB, Zanetti Campanerut-Sa PA, Kukolj C, de Souza EM,
Cardoso RF, Estivalet Svidzinski TI, de Abreu Filho BA,
Junior MM, Graton Mikcha JM. Cinnamaldehyde
induces changes in the protein profile of Salmonella
Typhimurium biofilm[J]. Research in Microbiology,
2018, 169(1): 33-43.

Mohamed SH, Salem D, Azmy M, Fam NS. Antibacterial
and antibiofilm activity of cinnamaldehyde against
carbapenem-resistant Acinetobacter baumannii in Egypt:
in vitro study[J]. Journal of Applied Pharmaceutical
Science, 2018, 8(11): 151-156.

ZEM R, BLAE T, SKAE, AR 7K . e 2 A P R T AR B
155737 PQS IR Z AR MEWF T i R[], T 1241k,
2023, 63(9): 3500-3519.

Li PX, Cheng JL, Zhang H, Lin JS. Research progress in
functional diversity of quorum sensing signaling
molecule PQS in Pseudomonas aeruginosalJ]. Acta
Microbiologica Sinica, 2023, 63(9): 3500-3519 (in
Chinese).

FEWIH . AR ZR AR BAAJEN 2 48 K AR OC sSRNA X
P& I BESED]. )M TP BE 2 K2, 2018,
Wang LJ. The study of the regulation of conjugation by
quorum sensing and it’s related sRNA under the
intervention of antibiotics|D]. Guangzhou: Guangzhou
University of Chinese Medicine, 2018 (in Chinese).
WA, R, VEIFIG . A0 B AEIAEN LuxR solos 2 1
WFoEHERE[I]. UEIaFAR, 2017, 57(3): 341-349.

Ye XF, Zhu JL, Wang HF. Advances in quorum-sensing
LuxR solos in bacteria[J]. Acta Microbiologica Sinica,
2017, 57(3): 341-349 (in Chinese).

Fuqua C, Winans SC, Greenberg EP. Census and
consensus in bacterial ecosystems: The LuxR-LuxI
family of quorum-sensing transcriptional regulators[J].
Annual Review of Microbiology, 1996, 50: 727-751.

Lu Y, Zeng JM, Wu BN, Shunmei E, Wang LN, Cai RX,
Zhang N, Li YQ, Huang XZ, Huang B, Chen C. Quorum
sensing N-acyl homoserine Lactones-SdiA suppresses
Escherichia coli-Pseudomonas aeruginosa conjugation
through inhibiting tral expression[J]. Frontiers in Cellular
and Infection Microbiology, 2017, 7: 7.

Withers H, Swift S, Williams P. Quorum sensing as an

[30]

[31]

(32]

[33]

[34]

[33]

[36]

[37]

[38]

[39

—

[40]

[41]

integral component of gene regulatory networks in Gram-
negative bacteria[J]. Current Opinion in Microbiology,
2001, 4(2): 186-193.

Mok KC. Vibrio harveyi quorum sensing: a coincidence
detector for two autoinducers controls gene expression[J].
The EMBO Journal, 2003, 22(4): 870-881.

Golz G, Adler L, Huehn S, Alter T. LuxS distribution and
AI-2 activity of Campylobacter spp. LuS in
Campylobacter[J]. Journal of Applied Microbiology,
2012, 112(3): 571-578.

Brackman G, Celen S, Baruah K, Bossier P, Van
Calenbergh S, Nelis HJ, Coenye T. AI-2 quorum-sensing
inhibitors affect the starvation response and reduce
virulence in several Vibrio species, most likely by
interfering with LuxPQ[J]. Microbiology, 2009, 155(12):
4114-4122.

Nguyen AN, Disconzi E, Charriecre GM, Destoumiecux-
Garzon D, Bouloc P, Le Roux F, Jacq A. csrB gene
duplication drives the evolution of redundant regulatory
pathways controlling expression of the major toxic
secreted metalloproteases in  Vibrio
LGP32[J]. mSphere, 2018, 3(6): €00582-18.
Val ME, Skovgaard O, Ducos-Galand M, Bland MJ,
Mazel D. Genome engineering in Vibrio cholerae: a
feasible approach to address biological issues[J]. PLoS
Genetics, 2012, 8(1): e1002472.

Nacsa-Farkas E, Kerekes EB, Hargitai F, Vagvolgyi C,
Szegedi E. Culture media supplemented with inorganic
salts improve the growth and viability of several bacterial

tasmaniensis

strains[J]. Acta Biologica Szegediensis, 2016, 60(2):
151-156.
Livak KJ, Schmittgen TD. Analysis of relative gene

expression data using real-time quantitative PCR and the
2784CT method[J]. Methods, 2001, 25(4): 402-408.

Li G, Gao A, Lu XY, Zhou TH, Zhou SY, Xia LJ, Wan L,
He YZ, Chen XY, Guo WY, Zheng JM, Ren H, Tang SQ,
Liao XP, Chen L, Sun J. Targeting plasmid conjugation
with cinnamic acid: a novel approach to combat
antibiotic resistance[J]. Engineering, 2026, 57: 165-177.
LiJG, Lu TY, Chu YF, Zhang YJ, Zhang J, Fu WZ, Sun J,
Liu YH, Liao XP, Zhou YF. Cinnamaldehyde targets
SarA to enhance f-lactam antibiotic activity against
methicillin-resistant  Staphylococcus aureus[J]. mLife,
2024, 3(2): 291-306.

FVRIE . RIR/INGT 152 Wi 20 T ok 245 1 2 7% K 3 [ S0
BHLHIBEFE[D]. i IHAKAE, 2022,

Wang BJ. Mechanism of natural products affecting
bacterial resistance transfer and its synergistic with
chlorination[D]. Jinan: Shandong University, 2022 (in
Chinese).

Brackman G, Celen S, Hillaert U, Van Calenbergh S, Cos
P, Maes L, Nelis HJ, Coenye T. Structure-activity
relationship of cinnamaldehyde analogs as inhibitors of
Al-2 based quorum sensing and their effect on virulence
of Vibrio spp[J]. PLoS One, 2011, 6(1): ¢16084.

Morot A, El Fekih S, Bidault A, Le Ferrand A, Jouault A,
Kavousi J, Bazire A, Pichereau V, Dufour A, Paillard C,

http://journals.im.ac.cn/actamicrocn



3408

LUN Haiye et al. | Acta Microbiologica Sinica, 2026, 66(7)

Delavat F. Virulence of Vibrio harveyi ORM4 towards the
European abalone Haliotis tuberculata involves both
quorum sensing and a type III secretion system[J].
Environmental Microbiology, 2021, 23(9): 5273-5288.

[42] Cui XY, Ruan XY, Yin J, Wang MZ, Li N, Shen DS.
Regulation of /as and 74/ quorum sensing on aerobic
denitrification in Pseudomonas aeruginosa Paol[J].
Current Microbiology, 2021, 78(2): 659-667.

[43] Gill AO, Holley RA. Mechanisms of bactericidal action
of cinnamaldehyde against Listeria monocytogenesand of
eugenol against L. monocytogenes and Lactobacillus
sakei[J]. Applied and Environmental Microbiology, 2004,
70(10): 5750-5755.

[44] Saeki EK, Martins HM, de Camargo LC, Anversa L,
Tavares ER, Yamada-Ogatta SF, Lioni LMY, Kobayashi
RKT, Nakazato G. Effect of biogenic silver nanoparticles
on the quorum-sensing system of Pseudomonas
aeruginosa PAO1 and PA14[J]. Microorganisms, 2022,
10(9): 1755.

[45] Papenfort K, Bassler BL. Quorum sensing signal-
response systems in Gram-negative bacteria[J]. Nature
Reviews Microbiology, 2016, 14(9): 576-588.

P4 actamicro@im.ac.cn, 7 010-64807516

[46] Scutera S, Zucca M, Savoia D. Novel approaches for the
design and discovery of quorum-sensing inhibitors[J].
Expert Opinion on Drug Discovery, 2014, 9(4): 353-366.

[47] Niu C, Afre S, Gilbert ES. Subinhibitory concentrations
of cinnamaldehyde interfere with quorum sensing[J].
Letters in Applied Microbiology, 2006, 43(5): 489-494.

[48] Li TT, Wang DF, Liu N, Ma Y, Ding T, Mei YC, Li JR.
Inhibition of quorum sensing-controlled virulence factors
and biofilm formation in Pseudomonas fluorescens by
cinnamaldehyde[J]. International Journal of Food
Microbiology, 2018, 269: 98-106.

[49] Qiu X, Wang BJ, Ren SJ, Liu XL, Wang YK. Regulation
of quorum sensing for the manipulation of conjugative
transfer of antibiotic resistance genes in wastewater
treatment system[J]. Water Research, 2024, 253: 121222.

[50] Defoirdt T, Miyamoto CM, Wood TK, Meighen EA,
Sorgeloos P, Verstracte W, Bossier P. The natural furanone
(52)-4-bromo-5-(bromomethylene)-3-butyl-2(5H)-
furanone disrupts quorum sensing-regulated gene
expression in Vibrio harveyi by decreasing the DNA-
binding activity of the transcriptional regulator protein
LuxR[J]. Environmental Microbiology, 2007, 9(10):
2486-2495.



