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W E: BE EBELXIM Perillae Folium {3 KA (avian pathogenic Escherichia coli, APEC) FIPLEIENE. £
Wl TR 1l DA B AR IR B A 58 R AT RAR (R RE IR, DR T R 58 55 ik DA B B 24 4 A5 A0 P e A 35 8t S 0 5 A i 2
fille Ak RAERRBINE LIl 4 %k APEC IR BRI RSB Y, TRIEBURSR: 7B T2l e & 25
MAER T APEC (B [A]- % B il 45 o s i i A4 2 APEC AR A SMBERY , Y CCK-8 V5 I 45 df 56 2 8 i 3 AT 8 APEC
AR A Ko h R B AR K2R, IR K05 il Xt APEC A= s, 33 v T S i A o I 48 1k . 18
I qRT-PCR Kl LT3 APEC BRI RIS, 4R LRI APEC MK EHE (minimum inhibitory
concentration, MIC) >} 2.000~2.667 mg/mL, A5 585 il s M A 5 1) /& APEC-3. B[R] R B i 45 IR Bom, o5
AJREIR APEC-3 i3 N EAKIH. At 4eifiE APEC-3 MIZNIT. REE R AVHLEZI A 6. 24, 48h. 2MIC. MIC %75t
TR PR APEC-3 AWk I A K3 1 (P<<0.05. 0.01), 2MIC. MIC. 1/2MIC %875 34 ] J /b A= gk B (P<<0.05.
0.01. 0.001), IR N IR APEC-3 BN RS luxS Fl sdid FERFRIE (P<0.001). i KI5 Xt APEC
A REF PR TEYE, BHX APEC-3 AR KB B A P G — 52 B0 3m VR T o 40 JB% B 300 1) T A2 38 Ik S bl ) ) T A 400
BRI IR R G luxS R sdid KA-F 1.

KHEIR: BT ORI AR, BEAERRL PURTE N

FESES: R285.5 XEAFRERE: A NERS: 0253 - 2670(2025)08 - 2840 - 09

DOI: 10.7501/j.issn.0253-2670.2025.08.019

Antibacterial activity of oil from Perillae Folium against avian pathogenic
Escherichia coli and its inhibitory effect on biofilm formation
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Abstract: Objective To investigate the antibacterial activity, biofilm formation, and modulation of quorum sensing-related systems of
oil from Zisuye (Perillae Folium, PO) against avian pathogenic Escherichia coli (APEC), thereby providing experimental data and a
theoretical foundation for developing PO as a novel antibacterial agent to replace feed antibiotics. Methods The microdilution method
was used to determine the in vitro antibacterial activity of PO against four APEC clinical isolates and screen sensitive strains; The viable
count method was employed to measure the time-kill curve of PO against APEC. An in vitro APEC biofilm model was constructed using
the microplate assay. The biofilm growth dynamics and total growth curve of APEC were evaluated via the CCK-8 assay and crystal violet
semi-quantitative adhesion assay, and the effect of PO on APEC biofilms was assessed. Scanning electron microscopy was applied to
confirm microscopic morphological changes. The effect of PO on the quorum sensing system of APEC was analyzed by qRT-PCR. Results
The minimum inhibitory concentration (MIC) of PO against APEC ranged from 2.000 to 2.667 mg/mL, with APEC-3 exhibiting the highest
sensitivity to PO. Time-kill curve results demonstrated that PO delayed the entry of APEC-3 into the logarithmic growth phase. Growth
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curve analysis identified the adhesion, aggregation, and maturation phases of APEC-3 at 6 h, 24 h, and 48 h, respectively. PO at 2MIC and
MIC significantly reduced the biofilm growth dynamics of APEC-3 (P < 0.05, 0.01). PO at 2MIC, MIC and 1/2MIC decreased the total
biofilm biomass (P < 0.05, 0.01, 0.001). PO down-regulated the expression of the quorum sensing-related genes /uxS and sdi4 in APEC-3

during the maturation phase (P < 0.001). Conclusion PO exhibits potent antibacterial activity against APEC and effectively inhibits

biofilm formation in APEC-3 across its different developmental stages. The quorum sensing inhibition is mediated by down-regulating the

luxS and/or sdid genes of the bacterial quorum sensing system, either individually or concurrently.
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XS REVE i & 22 B3R5 K XS R A . 0
TERIIGERR, |2 BET I8y, 2 H ek y;
BN, R 2 KT HENS, SRR i,
HF|A TR KR, B RKETHL. M
BoR, 1 H BN SES R RE KRR 10%~
30%, BILEFEIE 50%. WA IS MB0R S H,
AL HRI G e B R B A
BEIREER, Ho, a2 T R E )
FRP, HAPR FERIGHR A A 3,
RGBT S B T4, 4l B 1 RS S A
R RIEG,, FRBOGRC T RET A RKH
ZPH PR R BEACSE — R AR, G IR
XEMb o 53 % H B0 B R HH 2R ER s AR O R
J#F T Cavian pathogenic Escherichia coli, APEC).
XS EFVLTTIRE (Salmonella pullorum, SP). EBL
KB (Shigellg) %5, Hp, MIREBIKE (Shigella
Slexneri, SF) Jyki th &5 IRE AR i 84671,
b 55 1) B A 2R 0 F B 82 51 R I & RS B 4
HH 5% BB A5 g 3 0 56 47 FH ] FH P AR 3R A oK
RS,

ARVR B FTIARE R I, TR O XS K
MBI 7 Bk R A R RsEE. BATCT5
A B A R T A AR R AR I PR R LB R
JoAF B, AR At A H 28 PR B0 B B B 12k
AP ] R ALHIR WARGE . Bk, AR
CLES R N 52250, XS4 TR 1 B VS & 93 5 B
APEC TN, 4L TR 20 IR B Bt
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1 ##
1.1 Efk

R K i W I PR 2> AR 3E 4 R CAPEC-1~
APEC-4), Wy [ 7 [E] 85 R 5o A 400 1l DR e 2 A 5

K W o ¥k C Escherichia coli ,
ATCC@25922), W™ AR T AE P o Bl DR 0o o
1.2 Zam5is

S (LS C10224610, V85 IR,
LU EE 1.498 5~1.512 0, H A KI5 i & 70 50 =55%)
W H il R AR A R AR s = F LR
(dimethyl sulfoxide, DMSO, #lt5 20190616) I H
REHHUTHRAR; $REHFE HESH=
99%, L5 20200812057HX) 1 [ & REL i #r A= 4
BHE AR AT ; CCK-8 ik &L (k5 MA218-5-Sep-
08F) 1 H KiEF CHEMHARGIRA R 45f5 Gt
5 20181202) 4 H 3£ E Amresco A5 K H &
W (S L17D11G134782) T E s RlEL
HFR AT ; DEPC (Hit'S 1609-47-8) 1 [ 3 [H Sigma-
Aldrich A7]; Trizol ({5 AKF0723A) 14 H 3 [H
Invitrogen /A & ; SYBR Premix EX Taq II Kit (b5
AHX1211N). Prime Script™ RT reagent Kit (it
AK2704) M H HA TaKaRa A,
1.3 {3

JSM-7610F %! Plus 37 K H 14 7 B f Bt
(scanning electron microscope, SEM, HASH -7k
2x4b); iMark BFR1Y (32[E Bio-Rad A #]); DHP-
9032B ML IVEIR R FR4E ( Bilg—fERF AR TR
) FA2104 B R8T 00 Hr RSP CRIERFAXER ) s
7300 %45t 52 BAX (S [E ABI /A 7] )5 C1000 Thermal
cycler PCR 1% (3[H Bio-Rad A7) ).
2 FHE
2.1 HEEMERAHE
2.1 TR A R R ISR % KO8
- AR R & B R 0 L DMSO ¥/, Hilak 400
mg/mL LTI A 200 mg/mL R & HE R
W&, I B e B O 1, BEGIRAT
T4 CUkFE, &H.
2.1.2 WHERAIHS KR 2 RS T
ERBER TR b, 35 CH:F 18 h. B
PR IR R 2R A 1X 106 CFU/mL #i, 1E AR
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2.2 EKFMSHMXT APEC BYRSMINEEMENE

221 g K E K ( minimum  inhibitory
concentration, MIC) Fl&E/N R EHIKE (minimum
bactericidal concentration, MBC) HIll5E SR EE
Il R St = AR EAL P2 (CLSD #il5E [ MO7-A9 75
S T E R BRI E 5 XS APEC 1)
MIC 1 MBC. JEB 96 FLAR AR BT W B
TN (62.5~32 000 pg/mL) ER AL R 45 &
(3.906~2 000 ng/mL), MARSRIRE, [FB%E
AKXTRRFLAI S F IR FL. 2 35 CCHEIRAR 577
18~24 h, WIRMEE, Jom 4K B &L IR T R
IRFERIA MIC. UG R4 KT EFLIIE TR 10
ul R T B AR 3 B, 35 ClEIER IR 18~24h,
PIIR LSS, DAZT 3 ANBE 3 AR 254 FLAH S Y ot
=IKE A MBC.

222 WA BRI R &SR
HAoRvEE 3 NMREIRE (1/2MIC. MIC. 2MIC),
SRS, AR EEAKRA, T 35 CHE
PG A G RIS, KA RERE 2 h DU FRIE EEA
Befa, B 20 uL ¥ 5 fE AR5 720k |, 35 C1E
IEF BRI 24 h JETFE R R SLIRAE R, D
B (A AR AR (X0, T B RO BUE A AL bR (),
G221 s ) - 3% B T2

2.3 EKFAHHMXT APEC 4494 BEE MRV HNHI1E A
2.3.1 CCK-83%5E APEC AEMu i Kzh /) B
200 uL APEC-3 & (1X106CFU/mL) #FhTF
J&& 96 fLIR, T35 CHmlEERFE 0. 3. 6. 12,
24, 36, 48, 72. 96h B, WFFLIWEAR, ToHE
PBS Mt 3 IR, BREIFIEME, S FAAE B
AR IR AR . BRI, S FLIMARE TR
%£ 100 pL A1 CCK-8 ¥5W 10 uL, JEZ), 35 Ci#t
B E 1he KHEEFROGNE 450 nm 2 MIROLE (4)
i, SKIEE 3K, LHIZ X ER A NEAK )
jj %%[10,17]0

232 AR E BERHENE APEC Ak 5 e
& X200 uL APEC-3 & (1X10° CFU/mL)
PR TP 96 FLAL, T 35 CHRIEREREIE 0. 3.
6+ 12, 24. 36, 48. 72. 96 h HUH, WAL WA,
TCBE PBS Mk 3 WK, BREVEIFEANE - 200 pL HEEE[E
TEAYIBEIE 30 min, FEFEE, TN 0.1%%45 f K YL
7 200 uL, #4f8 15 min J5H PBS e AR F M 4e bl
BN 200 pL 95% L EEE R AE R 456 Gukl, FrE

10 min, KB E 570 nm 4L 4 85, 2:H15%
TR B R A W i A G iy 2R 021,
233 UEE ORI E 510 A W T R
o RIS “23.17 5 “2.3.27 TR AV AR S
ARG S5 IR, e R R, B AR
VIR ST 5, B PBS VG, 2NN 3 MRS
WIEZ4) 200 uL (1/2MIC. MIC. 2MIC %5 75 H-i
MR LR T ARKRA Nz AR, ©A
SR A TSB. 35 ‘CHiF: 24 h, #% “2.3.17 M
“23.27 BURJTEHEATINGE , THE AR AE KB
JIRIAE D o B
2.3.4 SEM MELZGW0t AN [F] [ B A M ST ou
BRI K 1 mL APEC-3 HER (1X10°
CFU/mL) #ME M E A M1 24 FLIR+,
35 ClHEFERFE 12, 24, 48 h, [ PBS j&ik;
3NN 3 AR FEHEE 245 200 pL (1/2MIC. MIC,
2MIC HIE DM AR IR 55 3D . AR KRR H
TR, 35 CYkLREFR 24h, WL NHIA,
B, F PBS ¥ IIATIA I 2.5% 8 %
W, T 4 CHREER; {88 E QBT HA
Vel UL 100%0 T BB ¥ 20, SRET, widlt
1T SEM W) g€[22-24]
2.4 EHMSHRXT APEC 404 BR & M ER HY B R =X
RitE X EFEFRIERI SN

WE XTI 1/2MIC KI5 . MIC K750
LA 2MIC K54l . #F 1| mLAPEC-3 # &k
(1X10°CFU/mL) #MT-Jom 24 fLik, 35 ClHIR
FRE R 120 24, 48h, JH PBS iE¥E; &4l Hn
NAH LR B E 1) 75 24 TSB 55975, X IR L in N2
EAARHE, B3k 240, BOREEREY, T
—80 CRAF. JEEUA B RNA J5 AT M RNA 4i
Mo )& 2R A G AT S B, J#E1T qRT-
PCR Jx 25281, 5I¥) P 5 WL 1.
25 GIrESH

Ji A S B B R S AE AR () 26 A R E A 3 IR, #

x1 5149571
Table 1 Primer sequences
SEHH] 1WA (5°-30)
sidA F: GGGAAAAGGACAAAAAGCCC
R: CGAAGCACAGCCGTTATGG
luxS F: CAGCCCATTGGCGAGATATC

R: AGGGATCCATACCCTGGAGC
F: CATGCCGCGTGTATGAAGAA
R: TTCTGCGGGTAACGTCAATG

16S RNA
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PRy M % Graphpad 14.0 Giit2ficdt, HEEE
PAX +s3RoR, PLZ [0 BRI REA ¢ 4006,

Z M A CR H R R 7 Z 4 H ( One-way
ANOVA).

3 &R

3.1 LAMHXT APEC BYRSMIDEEM:

3.1 IR APEC ) MIC 1 MBC i€ 2

Pz, S5 it A BRI 85 3RS 4 Bk APEC Il AR
ff1 MIC >N 2.000~2.667 mg/mL 1 0.125~0.168
mg/mL; MBC ¥ 4.000 #10.333~0.500 mg/mL, %
L IR 4 Bk APEC ¥ RIFRHMHIVER . H
H1 APEC-3 % #h R & 8 AU BUR, LT &
J&, HT APEC-3 IfiE 2L & T PR AS: H L 1) I 37
078, [HILJESLIESE APEC-3 {E AR B ik .

2 EFMHXT APEC BIFRIMINESEME (Xts,n=3)

Table 2 In vitro antibacterial activity of oil from Perillae Folium against APEC (X £ s, n=23)

e L DN Rlil HREHER

PR S -1 -1 -1 -1
MIC/(mg mL™?) MBC/(mg mL™) MIC/(mg mL™?) MBC/(mg mL™)

APEC-1 2.66710.940 4.00040.000 0.12540.000 0.485+0.386

APEC-2 2.66710.940 4.00040.000 0.168+0.589 0.500+40.354

APEC-3 2.00040.000 4.00040.000 0.250+0.000 0.500+40.354

APEC-4 2.66740.940 4.000+0.000 0.12540.000 0.3334+0.118

3.1.2 WA-RE L W’ 1 iR, APEC-3 £
2h FEAKTBUE K, 24 h JEIA B, 254 1g
T & N 1~2 CFU/mL HE A fME w1, 1g 36
W E NP =3 CFUmL #l & N EH 2 # s
1/2MIC 275 2H7E 4~12 h % APEC-3 &/ 5%
HAE (6.3020~8.862 6 CFU/mL), B[] 4E K
HAHEER M. MIC K73 HM4l. 2MIC 5t
M4H7E 0~12 h %F APEC-3 WA W /EMH &m T
12MIC 21 (MIC 2875 M4l 5.499 4~5.833 3
CFU/mL, 2MIC %575 i3 20 5.503 5~4.465 1
CFU/mL). 2MIC #hR &5 2 41E 2~8h TR
H{EH (5428 1~7.176 0 CFU/mL), MIC k4%
FALE 8~ 24 h HARBFEIEH, 12MIC HhIREF H=H
R IR B R

3.2 EFMHXT APEC AR R MIHR RS20
3.2.1 APEC AWpiitiiigh4d:  APEC-3 AW#

f? o KR
E'}‘ L v OMICHEEEE
I 0 . ?,»' /r/;"" ~ MIC & HE=

12MIC R &5

”’}-; & 2MIC %7503

- MIC £ 55
1/2MIC 4753

0 T T T T T T
0 12 24 36 48 60 72

t/h

1 E3MHH%T APEC-3 BIRTE)-RErZ (X+s,n=3)
Fig.1 Time-kill curve of oil from Perillae Folium against
APEC-3 (Xts,n=3)

JEAE K 2 WK 2-A, APEC-3 A#wfiid K
ANITHIZEFE 0 3 BB FiFTFT B (0~24 1),
mhek BAREON K, MR EHE: REEKIE
(24~36 h), MEAEKEFERE, REMRSIZRAE
VI, L (36~72h), BhiZkilaT-F4E, i
FE AN RE AR ARAS . APEC-3 A s B4 K
ik ini&d 2-B Fizn, APEC-3 Bl i s A Koh
LA 3N, R R (0~24 h), #hZk
TR S, R E B RAEW (24~36 1),
MBI AT RV s A (36~72h), AEWH
S BRI AR E, B TE K B CAEIE T

3.2.2 ETRHN APEC-3 AR R B I R N
KH CCK-8 a7 I A (7] o3 B A FE iR 245 % 3
B3 (12 ). BEERA (24 h) MR (48 h) APEC-
3 AR R s, S5 R LK 3. 54K
HAHEL, 2MIC. MIC £ 75 i 22 [k APEC-3 4
I E PGB (P<<0.05. 0.001), H E5EHH%
PE, 12MIC 58 75 - o 0 28 4 4 i T B 2 52

2MIC. MIC. 1/2MIC 575 MAERE B . SREER . B
A WD A B 2D 96.30% + 56.88%

76.26%, 83.52%+ 31.70%. 32.40%A1 11.27%.

17.62%- 16.59%, 1F R A F B > Bl
WI>REM. EREE, 2MIC Fl MIC 4875 M-
X A A B P 2 A v T A R R TR (R T
WE TR EE R, RENEMRRERE T, %
TR A BRI 4 B R 2 (AR WL 35 7 s 2MIC 85
I ek %o k2 A A 0 B A9 200 K vt e P R
BERTHARERENIREER (P<0.0D).
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o
T T T T T T T T 0 T T T T T T T T
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96
t/h t/h
2 APEC-3 £¥IHRE KDL (A) MEBEEKHZL B)
Fig.2 Growth kinetic curve (A) and total growth curve (B) of biofilm in APEC-3
A - B L ERS ¢ -0
. O REER R SRR 15- R EER

13 S 12 S50k ' I
- # # - idid
= 1.0- T - < 10A X 1.0
# 1.0 & 10 . S 1.0 . ]
E 0.5 _:EJ 0.5 EELY E 0.5
~ * ok ~ ~ sk

*kk
0 - 0 - 0 4
1/2MIC MIC 2MIC 1/2MIC MIC 2MIC 12MIC MIC 2MIC

A~C FHIRZTE 120 (BEBIBO. 24 h CRERTEO. 48 h R B X APEC-3 RUREMERIME A SAKXRAL R "P<<0.05
TP<0.01 "UP<0.001; S#EHREFmRALE: P<0.05 #P<0.01, K4 .

A—C are effects of drugs on APEC-3 metabolic activity at 12 h (adhesion stage), 24 h (aggregation stage) and 48 h (maturation stage), respectively; "P <
0.05 P<0.01

3 CCK-8 SEME LTI APEC-3 £ IER Al & M ER IR A BB R SE MRS (X £5,n=3)
Fig.3 Effect of oil from Perillae Folium on bacterial metabolic activity in APEC-3 biofilm formation at different stages
detected by CCK-8 method (X £s,n=3)

Hk

P <0.001 vs growth control group; P < 0.05 #P <0.01 vs chrysomycin hydrochloride group, same as Fig. 4.

fo FH 45 b 55 0 8 S A VR E AR T
APEC-3 . TREE. AN B AR s H A
PIRE IS AR, AR IE 4. SEKAEZAAM
Bl 58 75 i 25 57 B 4L 3 Rk D A= W i S
(P<0.05. 0.01. 0.001), HEFEM>M. 2MIC.
MIC. 12MIC 75l RE . B4R A
PR E D RE T 84.45%. 59.58%. 85.86%,

63.63%- 47.89%- 79.13%, 30.81%- 35.79%- 63.05%,
1 F R VR BRI > 36 BRI > SRR 101, TE BT
BB, 2MIC 875 Iy e 26 g s e 2 PR T e/
T MR ERERIRESE R (P<0.05); R4E
AR EASSEMREERNIERYLE
S Y MIC 5855 6} A= gt i o ()3
BRAE AL T MR iR FE 3R & 5 & (P<<0.05).

A [ RS B LA TR C | RSl
5. ARAEHE s ARAER L5 AEAEER
- E PNl PNty il PNy il
= # e 2
il  — ) i
ﬂ 1.0 I# 1.0 L)
= #
= 05 * * % 054 TR =
5 s s
sk # H
0 - 0
1AMIC  MIC 2MIC 12MIC MIC 2MIC 12MIC MIC 2MIC

A~C B RINZERT APEC-3 BiME. RIE. AN BUR AR
A—C are total biofilm of APEC-3 affected by drug during adhesion, aggregation and maturation stages.
4 ERFFTEEFRMPENEZTHEX APEC3 £MHIRE R EM REMRIREENRM (XLs,n=3)
Fig. 4 Effect of oil from Perillae Folium on total biofilm in APEC-3 biofilm formation at different stages detected by crystal

violet semi-quantitative adhesion method (X £ s, n =3)
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3.2.3 SEMWLECE TR, APEC-3 AWH O TSR 251 E F T 4 B B s AR skl B A
gititisgm RIS A RREFE R SR, MHFEEIRE R R SRR 4
%t APEC-3 AEWIHEAN I (1200 W (24h)  RAQEEZE R AR 2MIC 1 MIC 29403,
MBI (480 FIHOTEAS W 5. AR, & WEREER, WERR o WEh . EREW,

2MIC

12MIC $ER&FE

2MIC 475 i

MIC 4 751t

1/2MIC 755t

6h 24h 48h

El5 SEM MEEFAMIT APEC-3 =] B MR AR 2S48 F20 (X2 000)
Fig. 5 Effect of oil from Perillae Folium on morphology of APEC-3 biofilm at different stages observed by SEM (x 2 000)
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R N A A AR . R, AR R
D SRR, MFERERE R
Sl A A R A D, AR G BT R R
FERRIY, Byl — e b daE R, H
SFEARICNE, A AL A 7] 57 S B2 1
R ER R, R A KRR, AU
AR AP o /L, A R ) b B R S PRI
3.3 KARHXT APEC S5 & M B AU B4R RE
R X EEFRIERIFMR

ik 6 s, EREMTI, AN EIRE R TR

X fuxS FERIFRIATC R0, 1/2MIC 48750
MR EBRR sdid FERFRIE (P<0.05), H 1/2MIC
] sdid FiE BB FKT MIC 41 (P<0.001). {EF
£, 2MIC. MIC E75 i i 3 PEAIK fuxS FERI R
it (P<0.001), H 2MIC 4F1 MIC 4 IuxS Fit &
I BT 12MIC 4 (P<<0.01); #4254 sdid
R FRESERKIBAN T EE 2R, 75
1, 2MIC. MIC. 1/2MIC % 75 H-ji 15 2 2 B luxS
A sdid L (P<<0.0001), Hd MIC 4%t sdid
FIA FIFIHIE AL T HARFIREA (P<0.05).

A B C
400 4004 i 4004
300 300 300
2 200 . < 200 i < 2001
B 10l ==, 5 100d = % ool "
® O30T ®Wos0T ®o6e0T
] o) Y
2 - sk - kakck
3 g 25 £
10 4 20 sk
0- 0- 0-
HRKXHE 2MIC MIC  1/2MIC AKX 2MIC MIC  1/2MIC HRKXHE 2MIC MIC  1/2MIC
D E F
#t
3007 st 300 300 - #
. _ H# .
IE 100 mE 100 ml\ﬂﬂ T ook Hkok
20- g | |
3 3 207 . T 4 e
© 101 Z 10+ I
0- 0- 0-

RN 2MIC MIC  1/2MIC

A~C K luxS FiktEol; D~F K sdid FEHED; A. D AFME (12 h); By ENERER (24 h); C. F ARG (48 h);

. *P<0.05 *'P<0.001; *P<<0.05 *P<<0.01 **P<0.001.

ERKXHE 2MIC MIC  1/2MIC

ERNHE 2MIC MIC  1/2MIC

AKX AL EE

A—C are [uxS expression; D—F are sdi4 expression; A, D are adhesion phase (12 h); B, E are aggregation phase (24 h); C, F are maturation phase (48 h);

“P<0.05

&6

**P<0.001 vs growth control group; *P<0.05 *#P<0.01 *#P<0.001.

LI RTHRXT APEC-3 IR & M B BY B (R R Y X SR B R kK

%M (Xts,n=3)

Fig. 6 Effect of oil from Perillae Folium on expressions of key genes involved in quorum sensing at various stages of APEC-3
biofilm (X +s,n=3)

4 g

KIGAT B RS i L Ak 22—, A
IR R R, 3 w] LUBRGLH A WL 257 3hi) -
TN R, KA B A ) I X — 55 A IR 454
TR B2 3 B PR 1 R A EARBR IR . H T, %
Xof R B P (VR IT AR DA AE R A v E, (1
IE . KREE AR IRTT AL T 8005 i 245
PEARIEETY, 1 H 2 B S SINAA e T, AITEEZS
Gy 51 M, S R E KA, JiER
TEFRFAN R KIAAR G, O K i S5
T AR 2 A 2 ERL R 2 RN A8 i 24 B % 031,

FEHLFENE | IRFEMY I TR SE A e . RN, FRGE ML
dh U R AR OR TP E N RS R e NA
SERARS A, T E R NS BRI
NFERFRIFHIREYIIRIY), RIF 2 I AEARBR,
AR EIEH, AWHTTE R T HX APEC
IR HRAT R 25 s BRAE T, N RS R AT
M BB b SR R SR AL TR

2 TR PR R PR T o 3 RS TR 1 TR e
[RE T2 HMECURIG S5 R AU R — . 4
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