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SAEIBRFLTTRALAMAIREABL TS LT 100048)

WE B REELNE EDPB(BF)EAER, EII R ®RF ST LG ELRE Nisin 5 —FRRL &G G AT
Fh) ZARRMEEREA R M E 2K 2R £ 8 Nisin 5 Fo B AN B R 3G R MR R LI ATCC 9027 A&
Wy AL 64 A ) e R A A PR T R AR R ALH] . ik H SR, IR AR T A B AR SRR AR T BF 89 2 o sk D A RRE S R
J& 7 A% Nisin 5 Fo 5 Ah B B R 548 G ARS8 B0 T4 A Mo AL 04 Hi B0 A ) AF R B30 A0 R R B 1) 69 AL A 3t BF £ A 20 ROR
SRR A B EK Y ea R A BANE ST G A ATCC 9027 & M A e 6 Fp ) 2L R R 3% e F A A A 5 Nisin A
o P 25 4, Nisin 5 A= B A8 69 MBICs, 2~ %1 % 1 mg/mL #= 12.5 pg/mL, % NS AR #H4E A, 3L P 1.5625 pg/mL
Fo B ANE 5 0.125 mg/mL Nisin 4 BF #9 ¥ F) #p) 20 R £ 18h 2 3|k & , st A =4 3% A 2 % % w0 BF & #, A8 st
% #5H» eDNA 694 , Fl 8 BF 48X A | lasR peld .algC .pgsA lasl ¥ & ik & AKX %54 ; Nisin 5 Fo 5 b B B x4 46 4 L2
ML ATCC027 A 4 # B B ¥ B 3 ) 4 R | Jo 7T 4K BE 48 3¢ 25 B 4% K B A 0 EPS Ao e DNA 69 43, M i 37 ) Fo
T BF, ABFR G E AR Y 04GR LA A AR 7| A 6 R ob a4 ) AR AR AR AR e SR ek
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A ARG R REGEFEA 6 NPT RN, i v LARE B JBE S e A w40 i, 5 B0
WEEgERe, REEUROZREHZZBORMEMAEY S MELIERR, [R5 S (5 50 5 09 A= P Bl st 2
Ju i & A S B 4 R T ( Pseudomonas Fh ) PR T B, G0 e il s He T BE R L 2R A S R O AR
aeruginosa) e —F i WY T 51 IKNE Y555y HARSRIRET T, M4 Tk 1 & 5 g i 4t
RN RADIR A IR 2 [IRB R BUR i, 7EEE R A LR SIG BE T PRt A b 2 548
e e AR AP B IR BOR R R B R, BRARAR RS 2GR AT AL R A M TR B B9 AR

BB TSR Y 4 Hh 10% 24247 B H LT I FUIRGE BR 1A 3 (Nisin) 2 FL R Bk i T 70 4 F)
(7K™ dl A2 B PE BIEL ™ a2 g SR vb B, B MR AT 21K, Nisin 2 8 FDA/WHO AGIE
i K AFE IR VE R S AR e =, R

A= W) B (Biofilm, BF) 2 6 4l iR ZE ME T 42 ik A S ROW N S etk Joik B AR BB A AL
AT AT 2 M AN L BT AR B A FISE H B 0 1) 528 B8 2% FCBH A% B (Gram—positive  bacteri-
B B RS T R sk S5 M BB, BF AUFEAERE a,GH)B, SR, G5 4 2% G B (Gram—negative
i v A 2 A o TR A 4% Fh PR BT HP A A B T M 2 bacteria, G™) 1) 41 i BE 45 ¥ AN 5] |, Nisin X F G— it
P LT 245 1 LG PR A A0 T ) 10~1 000 £, BE Tl R, PR S A M B 1 BE A7 AE , T
ST AR VER, AT ST AEZ S 258 Nisin BLPY7E S AL , A4 15 P i 7 A2 AR 20 19 1

FHPI, eAh Nisin B A2 72 A &, A F TR R L

WiEEE: 2022-10-14 A R, WFSR R, el A T Y
HEEWE . [ R A LS T R F YL 4 51 H (20224 pH . IR Bk 4 1 & HL & ) T R A Ak 0 i Goxt
1515140021 ) 5[5 5 |1 88 B 5 4 G 1 1 950 H Nisin AR , LA K F#AIG Nisin A9 (5 FH 000 £
(31871772) N B 26 v 2 1l 43 % (B B0 B Y BF AT —

— L% i
R R M A6 602 B 150 pmol/ml, A
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JEL AR Ty X6 4 3 AR FRL L TRT PAOT A RIAE T, Ak
F % B 2 pg/mlL (9B 4 28 AT LA 2 400 o 4
B EA L TR X140 B 2685 BRP 0040 < 2 0 M6 1 O i 72
BRI 50 pe/mlL S0 T PN TR X 4 2 Al B
PAOT Y AE Wy i IEAT S AV

AL E 5 Nisin 55 09 H 24 18043 (RIS AD
Or O IENER AR, TN Nisin 550N
5 )Xo ] gt {15 P J A7 2 ) B 1 I ] 400 ol 4 ] K
M, RHHAM S (Scanning electron micro-
scope , SEM ) WL 5¢ i 4% (L FRL L ATCC 9027 A9
PSR 5 R AR Ak o e A ) S X ] ¢ Al R A A
P 8 2L 20 B A R R R IR RS2, AR
FRIVJEE A By XoF 0 4 i 5 S T A 0 e S ) 0 ) L A
T 0D ] R P TR A A R S B £
Sx(a] @, [A) O SR G4 Nisin 9 R0 4 A REAIR
By 8 R4 R i R S 2B AR, R IT R B R AR
B S SRR AL BRI 2 %

1 MBERE
1.1 MRS
L11 W mEk B 9027 1T 3¢ H
T HE T b DR B (ATCC) o
1.1.2 5l 1%%5 s gk FLERHE Bk W
R XTT fhh FIJEAMS | B5 R 0 E N, %
QYR A R E LB i IR 3k, et bl
BAEMEARARTAEA T ;2.5%1% 1, FARAEY)
PHEA BRTTE A W] 5 2RI, B0 A 2 Ak i Tl A R
A7) s RNA $2 UL & L (SYBR Green) ZO0HE &t
R, KARA YR A RA
1.2 USEWREH
SpectraMax i3 BEARAL, FA5r AU FiEA

PR 23 ) ;SUSO10 37 & 5 H1 4 s+ B 3 Bd L\ E—-1010
B SAS, ST R R AR A BR S | SERT SO E
 PCR 1%, Bio-Rad /Al ,
1.3 KEH*
1.3.1 T 40 ] A o A1 L T A= 00 49 1 ) i s

R G b g e il I 45 v 24 B0 o) A 2 1
HUME ATCC 9027 A= 9w BRI i i) 300 141 255 5 5 4
R (2x107 CFU/mL) , BL 100 pL % 96 LA 1,
LA SN A 100 wL Nisin %50 3% P g 855
T RERNS o 5 2 T v 43 R 1000, 200,

40,10 pwg/mL, A PBS fEXf i 37 CHEF% 24 h, 3¢
FVEW,200 pL PBS #2FETEVE 3 Uk W EE R E
10 min J5 E£BRRIE, A 0.1%%5 i 25 44 {0, 30 min,
T PBS Wk A 0.1% 2R F1 95% £ WV Wi 4%
100 wL J&, FHEEAR A E 595 nm KT B
;%8 3ANEE BOFHE,
1.3.2 Nisin, FlHEANEy 50 Kb FET 5 25 1R 20 A 7
A A BB A /N AT R B I R A A R
FXTT 38 J5t 32 I 7 F1 R D B Fl Nisin 19 MBICsys
1 96 FLAR Y, 43 B A 100 wL(2x107 CFU/mL) 15
B, PN 100 pL 52 S E Bk 4,2,
1,0.5,0.25,0.125,0.0625 mg/mL Nisin, = il A
100 L e 2 BT & % B2 43 5] 2 400,200, 100,50,
25,12.5,6.25 pg/mL FUE AN, X Ry 45 5 14
W PBS,37 CHi 9% 24 h, W2 96 LA H e, H
PBS 57k 2 i, ZE R FLIA 158 wl 20 g/L ]
MY PBS 28 #h i, 40 wl XTT F1 2 L B 2508 |
YB35 37 CHEEEE IR 3 h, HRE M 96 fLIR
H 0 E 492 nm T YOG, BE 3 N EE BCF
BIE, PR 50%H 1 75 1) BN 245 4 vk AR
hy S AR AW T AE 4 R B (MBICso ) o 8 o AR A
72 A= ) 0 285 T R 5 0 R 2 A WO, AT 3R
7525 Wy Bl B ) 2
1.3.3  Nisin 5 G ANy 56 X 4 4 4 50 1 A=
W B B R VR VAL E RS (RO R
)R Nisin 55 F0 R AN A9 86 A FH 2538028 . 96 R
TR FLINA 100 plL & (2x107 CFU/mL) , 1 B
fL A R B A Nisin 5 FUE AN % 50 pl, H
Nisin 5 FUSE AN 9% B2 A 1 £5 MBICs, 5 21 1/32
i MBICs fEAK KRS LAFIREANEY Nisin Bl fE
FHALURT PBS St B S5 3 Wk A G v Wk S 4R
L (FICT) > A By Nisin 5 1S AN 0940 5AFE 31
R/ (Il

FICI=FICI,+FICI;=A 255k 4 It MBIC/A 24 5
M MBIC+B 25 1%45 i MBIC/B 25 Bt i} MBIC
1.3.4  Nisin 5 1S A B 56 FH X 4 2 {B 2R M 0 A=
W RS 0 5 AR 43 B
1.3.4.1 XA EIE By 30 S 8O- 0 8 7E 96
LA A 100 pL 2x107 CFU/mL (¥ 5 ¥ A1 100
WL AN [R) R BE 254, % BEZH R A 100 wl. PBS, 37
CHiki3% 3,6,9,12,18,24,36 h, M8 1.3.2 4
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(8 7 1%, DN 240 TR 2 2 B P 40 o 2%

1.3.4.2 X B A P o B v PR AR 0 7E 96
LB A A 100 pl 2x107 CFU/mL () # ,37 °C
W 24h )5, 5 )2, JoE PBS Wk 2
U, A 100 wL LB B5 FREEAT 100 wL 259, in A
200 pL LB 8532 BAEXT R SR )5 37 CHorlliE3% 3,
6,9,12,18,24,36 h, ZH 1.3.2 15 19 J7 &0 5 40
AL P 0 RS 1 T B R

1.3.5  Nisin 55 F1JEE AN My 55 HH X6T Hie] 2 f PR i T A=
Yy pk S5 K 52w TR A B & 2x107 CFU/
mL, B 1 mL 3280 2 12 fLAR b, FLAR 42w A
FE S84, A 1 mL R[E 254, L PBS R Xt R
37 CHi % 24 h Ja 5% b3, PBS 1% 2 i, M A
I mL 2.5%% W EE 8 h UL b, F#IE W, LA
EEFKEREMR, EE 3 WE, KKH 50%,
70% ,85% ,95% W K WE oK, A8 LR & 13
min, FJCK ZBERLK 14 min, K 3 0, &% T
B 1 d, U TR ST A AR A | B A IS K A O
T WS SR B B ATCC 9027 B4 5 454
IR

1.3.6  Nisin 5 F1JEE N 16 FH ) 4] & 11 50 i 147 2
Y RS 18 53 1) 5

1.3.6.1  XF EPS & i sgm R 2K M — ik R vk
I 52 4 S AR B M T ATCC 9027 A= ¥ i i v il 3%
PTEZ W S A 20 & i . BF (35 SR Ak 5y
HBH 1341 M 1.3.42 AT, K BF WHEE
B ,4 °CF 8000 r/min B L 30 min J5 , B
200 pL L5 # 5 200 wl 6% W% 0.5 mL ik
MR A, 100 C/KIA 15 min, J5 M E 490 nm %

AR OSGAR, A ATV R B TS S R DIOVE H
BT 0.9%M 4 BEER K (5 0.229% 1 i ), 80 °C
K 30 min, 7£ 4 °CF 12 000 r/min & 0> 30 min
B3 AN ] i 2 h S i, Jrvk ) b
1.3.6.2  Xf eDNA Zr i A 52 B 1 mlL 18 &
WMAE] 12 fLAR P, #5050 A 1 mL AN [R] 25 43
254,37 CHE 3% 24 h; #& Drisse 5570 77 15 $2 HX
eDNA , FH 43 06 0 B 1k D v J& S 90 ) 4 T 19
eDNA i, I ER 3 K,

B 1 mL SO A R 12 LR, 37 CHE 77
24 h Ja 3 FE R A, JF ) PBS TEVE 2 W, e
A 1mL TSB ¥ 373 H1 1 mL 2547, UL PBS X
MR, 37 CHE 5% 18 h 5 M W BR1E A T Y eDNA &
R R i
1.3.7  Nisin 5 1S A 3 156 FH X)) 2 {R2 SR g o A
YRR A SC e P Rk 152 R Primer 6
BRAF BT AR Y B AR DG L lasR \pgsA \pelA \al-
gC lasl LTG0,

A Wl S A B R R A B O ) B OB R
6 mL,Z% RNA #2005 & Ul 1552 S RNA,
R — 2 U sk A B eDNA | 105 q—PCR 474,
PhmpoD ANZEEN, KIEE 31K,

RT-qPCR W fA % (20 pL):SYBR Greenl
2 xSuperRealPreMix Plus 10 pL;DNase/RNase —
Free Water 6.8 pwL; [ Fi#51 % (10 wmol/L) %%
0.6 wL;cDNA 2 pL, RT-qPCR J Jif 41 .95 °C
15 min;98 °C 105,55 °C 20 5,72 °C 305,40 M F
7

F1 WEE PCR3I#MIR

Table 1 List of primers for fluorescent quantitative PCR

AR A3 (5 —3) B E/C
lasR-F ACGCTCAAGTGGAAAATTGG 53.35
lasR-R GTAGATGGACGGTTCCCAGA 57.45
pgsA-F CAACCTGACCGAGGTTCTGT 57.45

pgsA-R TGGCCTGGGAGAGAATGTAG 57.45
algC-F CTACTTCAAGCAGATCCGC 58.00
algC-R AGGTCCTTCAGGTTCTCC 56.00
pelA-F CCTTCAGCCATCCGTTCTTCT 57.80
pelA-R TCGCGTACGAAGTCGACCTT 57.45
lasI-F CGTGCTCAAGTGTTCAAGGA 55.40
lasI-R AAAACCTGGGCTTCAGGAGT 55.40
rpoD-F CTGATCCAGGAAGGCAACAT 55.40
rpoD-R TGAGCTTGTTGATCGTCTCG 55.40
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2 RS54
21 EREPRHRITHFE

1 8 XoF ) £ 115 B4 B ATCC 9027 A= ) ok i
A B AEMHIRCR A 2 5y, 1 AT, Nisin
X 2 B BRI B ATCC 9027 Ak ) Bl i iy 40 o] =
K 39% , A F AT I A0 RO 5 i AR ANER | 2F 0 3
PR B % 3R A 205 5 R 29.6%,15.1% ,3%
JFC v T JEE AN T % A 2 A BB TR ATCC 9027 AW
PR RO By L, BEBCREANEE N 5
Nisin B 1) o 25 145
2.2 Nisin, TIE#MER 3T $A 4R R B B & ATCC
9027 “ ¥ FE I MBIC50

2 2 AT, 1 mg/mL Nisin %5 £ 5 5 M B
ATCC 9027 ¥y 8k B i 70 ) % Ry 50.7% , Bl &
Nisin ¥% 2 B /0, #0031 2Rt 2 W R AIG , 24 Nisin i
R EE KT 1 mg/ml B 001 28 04 384 15 R B I
HE KN AL AE 12.5 wg/mL i GE ik 2] 52.09% 41
25 Nisin /EHRCR AR, A0 6 22 5 & FEFb
Wy ) S B Mg i, SR T 12.5 weg/mL S5 A

60

40

i 2
Inhibition rate/%

OGoEmE A AEANG  Nisin

1 RARSEMBEATHEZBRERE
ATCC 9027 = 914 B B #) il 22
Fig.1 Inhibition rate of P. aeruginosa ATCC 9027
biofilm under the action of Chinese herbal

ingredients alone

SR AR RN K, BRI, Nisin RS A g X 40 2% 11
FE ATCC 9027 A Wi i) MBICs, 43 %)~ 1
mg/mL F1 12.5 pwg/mL,

% 2 Nisin 570+ B} 8 30 4E A 33 B 4k BF B30 %) 2
Table 2 Inhibition of the biofilm of the strain by Nisin with honokiol alone

Nisin /it % & B /mg- mL™ A7) %1% Fo B AN B R F R g mL! A ) F 1%
4 545+1.7 400 73.7+04
2 51.6+1.1 200 72.7+0.2
1 50.7 £4.7 100 70.1 £0.1
0.5 37.8+6.4 50 69.1 £0.1
0.25 293+1.8 25 62.5+0.6
0.125 18.4+2.2 12.5 52.0+7.6
0.0625 6.5+3.3 6.25 432 +8.0
0 - 0 -
TE AR (%) =(0D 41—~0Dsys)/OD 455x100,,
2.3 Nisin SFIEM BB AXMAKBREREEY 24 Nisin SHENMBBEAMNARBREREEY

% BE B B B4 AR 1R 4

& 2 LA, FEAE 8 AN BEAS 4 S A
LB ATCC 9027 (%) BF il 4% 50% 447, FICI
HERWEI, KA S5 AHHEG M FICT H1E
0.250~0.500 =Z [a], 2 W I A5 Ak F X 4] 2 {12 B . 77
ATCC 9027 A=Y w6 A7 By [l 4 il FEF, Horp 24
0.125 mg/mL Nisin 5 1.5625 we/mL FlJ5 £l X
FHESE, Bip [0 0 1 2550 R g A2, 4% T U A7 7E T AR
YEHR A

W FE B I SR 4 #

2.4.1 AW I R R AR g Wik 3
7, Nisin 5 FUSEFNEY BT | 1 JEE A 1y 5000 4k 2 )
1 ) e o [0 ) S T3 o, 18 e Bk B T 4
il 2R3 h 77.1%,70.9% , SR 5 TR 2% 18 T [ i
Nisin BJPHIRTE 12 h ik 35k, B 48.3% , 7 H.
I 00 A4 23R R B R R Ry B 7 2B KA
Nisin HKPL8AE, 5 I R Nisin Xt G H& 19 1E
FHRCR 2210 JC AW BF A4
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ah oF

2023 55 10 #

H  MBICa & il & £ ) A9 MBICs, B9 #¢ £ ,MBICb & Nisin £
MBICs Y ¥ BE 5 85 (038 43 Sy BV FE X IR 41,

B 2 Nisin 5MEMBEK &SRR ERE ATCC
9027 = 4y 4% B& B 40 ) 2
Fig.2 Inhibition rate of biofilm of P. aeruginosa ATCC
9027 by Nisin in combination with honokiol

2.4.2 AW G BRI R AR 2 R 4 ]
R RNEY 25 TR B (1475 5 5 B s (] SE
K18 EJb, 6 18 h Bk i K, 20518 25.19%F1
51.5% , 259 B¢ FH 22 300 B4 IR T BR AR . AR T AE
18~24 h, i B Z J 1T [, 3X AT REJ& K ok 25 ) B

-O- Nisin
& FSANE
100 A Nisin+FIEHNER
80
IS
E
M‘ < 60
EE
82 a0
=
5
20
00 3 6 912 151821242730333639
B 1]
Time/h

3 4B THESBEME ATCC 9027 1Y
A= 5 BRI o) 2 e B AL i 2%
Fig.3 Time variation curves of biofilm inhibition rate

of P. aeruginosa ATCC 9027 under four treatments

* 3 ARAKREAETH Nisin 5 E
B&{ERAM FICI &
Table 3 FICI values of Nisin in combination with

honokiol at different concentration combinations

e J AL By IR
Nisin A& _
=R A pg FICI & A A
J&/mg-mL™
ml!

1/32 25/2 1.03125 xx
1/16 25/4 0.5625 H8 A
1/8 25/8 0.375 - Fl
1/8 25/16 0.25 R
1/4 25/16 0.375 - R
1/4 25/32 0.3125 - Fl
1/4 25/64 0.28125 R
12 25/128 0.515625 H8 A

1 FICI<0.5, A B[R E 1T FICI=0.5~1, Jg A8 A 5 FICI=1~2,
T A FICT>2, IS/ .

THAE 3 ZOCH I BRACR A2 22 s Nisin B Ak I 35 BR
WORZE M — B 248 ETF diF 2 il T Nisin XL
28 G BF 5 2K A4 T 6] 4 BE A 1) 5
R DA L ) 25 £ 975 R AR

100
-O- Nisin
&’ FEAhER
80 A Nisin+F/EANE}
S 60f
i 5 40f
-2
&}
20+

00 3I 6 9I l|2 ll5 1‘8 2‘1 2 2I7 3I0 3‘3 3I6 3|9

i i)

Time/h
4 AFHAETRFMEMRE ATCC 9027 #
A 4 R B R Bt B IR 4 2%

Fig.4 Time variation of biofilm clearance rate of

Pseudomonas aeruginosa ATCC 9027 under four treatments
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2.5 Nisin S EMAEE A AR B EMEEY
4 B 45 ¥ 19 32 T

SEM HHli B4 &l 5 frs, 25 I
B R WA, Rk DL 2 2SR AR
£ INEH R EAEY), 2 R ST R = g
¥4 (T 5d) 5 Nisin Hupl A BE A #0266 66 B 7%, K
B0 B VR B B ZE B (B Sa) 5 FUEEFN B 5 ik B
U RER S AR AT AR A, R A 22k

(a)Nisin 41 (b) MR AR 21

F B (B 5h) . TAERCAVE T, A 0 A i,
KB BB LA A U TE A AE , R b 5L
V14 200 8 30 A 66 R 2804 I, TR AR 8] 30 2 Sk Y A, LT
TeAEM I (B Sc), i — 5k T Nisin 5 F1JE
A B B FH T A1 5 L BT ATCC 9027 A= 9 9 i
T B B RS0 VE A, TR B 25 s e T AN R A
YY) H2 52 T A= g B PR e A o B —
A5 25 ) % A 0 e RS TR 1 AL

()G 1E 4 (d)z=Ad

(A)x1 000

(a)Nisin 21 (b) FE AN R 2H

Y

(e)BRAEH A (d)as H4

(B)x5 000
5 Nisin 57158} th B 05 SR 4R (R B B ATCC 9027 R R RE A
Fig.5 Scanning electron MBIC roscope images of Nisin in combination with honokiol

to inhibit P. aeruginosa ATCC 9027

2.6 Nisin 524 BB AT E R R ERAE EY
1 PR 28 B RX 9 B 22 M)
2.6.1 XFEPS &&IMsrHr EPS J& BF 2 CH %
(R 5r 2 — , B B 6 AT, Nisin AU AN | 25 9 5%
JHZH X AT 5 P 22 0 4 i 22 53 51 Ry 22.4%,10.2%
44.8% , X AN T 5P Z2 0 i 40 ) 0 o 4.4%
4.3%,12.0%., #4553, Nisin 5 FUEAN ;50 H 1
IC FH 1A R REAIR T 4 2 AR B I 7 ATCC 9027 4E
PIRE R T s Pk 20 B, TR RV T 22 1 R )
B BEAN, 25 e FH L B 5 21 3 B0 T 4
AR

TG BR AR A 2R 25 5L i 18 7 WAL,
Nisin  FIEANEY | 259156 FH 20 nT i P 22 0 4 75 B3k

RN 35.2%,21.9% ,43.8% , Xt ATl iEMEZ b
B T B3 A 9 3.5% ,4.5% ,10.2% , TCi S2: 1 1l
W SRIEBRAEFE RS AN X 0] 95 1 22 W5 1) 52 il
BAK,

2.6.2 X eDNA & &5 WE 8a o, A
eI AT AN eDNA #9433 o Nisin  FE AR 24
Wy B HT 28 B 40 2255 00 R 26.7% ,81.8% ,86.1% ,
e R R RS B R0 2 P B 20 % eDNA A 410 i) B
o UNI&l 8b 7R, Nisin, FUSEFMG | 2597 56 I XF
eDNA (175 bR %53 518 33%,40.5%,60.3%, 259
EXHIXT e DNA A1 1 52 M e K3 5 HAg fe A 40 il
5 IEBRACR B9 45 R — B AR T BRVE X eDNA
B4 5 T R RS I 410 1 4 RO TR 4
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020 20
] L ot 15 |
F 0.15 g
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0.10 L 1.0 =
0.05 Lol
0.00 oG
a b c d a b c d
ENGL sz AN TR) Ak 2RZH
Different treatment groups Different treatment groups
(a) AT VA 2 M (b) RATFETEZ b

1 ;a. Nisin S 41 b, FURFMS BT AL e Nisin 5 FEANG AL d. 25 AL 558 AXTIRAUH AL . P<0.01 %+ P<0.001,

E6 #HIERATHEEEAME ATCC 9027 EMHENFAIAESHE (a) ERAFTAESHE(D)EE
Fig.6  Soluble polysaccharide (a) and insoluble polysaccharide (b) contents of the biofilm
of P. aeruginosa ATCC 9027 under inhibition

025 r
0.20
£ 015
g’ ek
= T
o == ek
0.10 |
0.05 -
0.00
a b ¢ d
AN [ Ak L2
Different treatment groups
(a) WP 2 0k

25T
201
£ 1.5 B
g
[am)
=}
1.0
0.5
0.0
a b c d
AN Tr] Ak B2
Different treatment groups
(b) AT 1 2

7 sa. Nisin S b, FUEAMG 54 ;e Nisin 5 FUEANGEHAL ;d. 25 AL 5% O LA HU S, %, P<0.01,*%%, P<0.001

B 7

ERIEATHRERARE ATCC 9027 £MHEMN ARSI (a) SR AESHE(b)RE

Fig.7 Soluble polysaccharide (a) and insoluble polysaccharide (b) contents of the biofilm

of P. aeruginosa ATCC 9027 under the effect of scavenging

2.7 Nisin 5fEA BB A AR B EMEEY
WESHEXERRENZIE

i &9 Rl AT, 7E Nisin SN LA K — 35 Bk
FH K #2400 A3 B BF 2R B lasR \pelA lasl
pgsA 5 algC FEHFER I B FH , 258 5 41 e
PG P BOR oW, FEA I BE JE U, 254
Wb FEXT BF A3 BAH DG PR 2 3k it (W g i F2 BN < 24
Pk FH 20 >Nisin> FJE AN, 3X 5 HXF BF 1940
FREEAAL v FE RN AN S AL B 4256 Pel

Z WL L pelA JERAUTIH T 38.1% , 3= B 5
il AR AN X EPS (52 a3 /03X 5 EPS 1943
W —3, M FR BF B, 25 WAL BEXF BF & BUAH
56 D 3K 1 1 B e R A < 24 ) K FH 4> AR AR
19 >Nisin, [F]FF 55 35 BR2CR 19 8 24 7] ; Nisin 4b 2
Xt pelA \lasl .pgsA 5 algC JE DR 04 BCR 55, X
JE AR Nisin A LLSE A B2 BF 17 -5 300 BR 2L
W BRI, TOW A Bk A A 2 AR A
W las R DA S8 35 T 1A 3 3% BH 5 24 4 AT i
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¥ E 15t
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Different treatment groups

(b)

1 :a. Nisin 4 b, FUEANSG P4 ;e Nisin 5FEAMRIBHA ;d. 25 FU4 ;525 A B LR AL, =+, P<0.001;
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Synergistic Inhibition of Pseudomonas aeruginosa Biofilm
by the Combination of Nisin and Honokiol

Zhu Zekang', Wang Zhao', Nie Rong', Liu Guorong'**
(’School of Food and Health, Beijing Technology and Business University, Beijing 100048
’Key Laboratory of Geriatric Nutrition and Health, Ministry of Education,
Beijing Technology and Business University, Beijing 100048
‘Research Center of Food Additives, Beijing Technology and Business University, Beijing 100048)

Abstract Objective: Pseudomona aeruginosa biofilm  (BF) is a major cause of persistent food contamination. Nisin, a
natural food preservative, can inhibit a variety of foodborne pathogens, but is ineffective against Gram-—negative bacteria.
In this study, it aimed to enhance the inhibition and BF scavenging ability of P. aeruginosa ATCC 9027 biofilm by
combining Nisin with honokiol, and to investigate the related mechanism of action. Methods: Firstly, this study screened
the herbal components that could inhibit P. aeruginosa BF and the minimum inhibitory concentrations; then this study e-
valuated the synergistic inhibitory effects of Nisin in combination with honokiol on the biofilm of P. aeruginosa, the
changes of the inhibitory effects over time, and the effects on the structure, components and related gene expression of
BF. Results: The strongest inhibitory effect of honokiol on the biofilm of P. aeruginosa ATCC 9027 was selected as the
herbal component in combination with Nisin; the MBICs of Nisin and honokiol were 1 mg/mL and 12.5 pwg/mL, respec-
tively. several combinations showed synergistic inhibitory effects, among which 1.5625 pg/mL of honokiol and 0.125 mg/
mL Nisin had the best synergistic inhibition effect on BF, reaching the highest at 18 h. Moreover, the combination of
the two significantly affected the structure of BF and reduced the content of extracellular polysaccharide and eDNA,
while the expression of BF-related genes lasR, pelA, algC, pgsA and las] was reduced. Conclusion: The combination of
Nisin and honokiol phenol has a synergistic effect on the biofilm of P. aeruginosa ATCC9027, which can reduce the
transcription level of BF-related genes to decrease the secretion of EPS and eDNA, thus inhibiting and scavenging BF.

Keywords biofilm; Pseudomonas aeruginosa; Nisin; honokiol; synergistic; inhibition



