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WREXG AN . ERE . FIEEL BE . BTSSR
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EEMBMAEN TN, C B8R RERRRI R
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S i A T A TR0 B A BRAS W5 i
1.2 PREREMEETE M

Fe AL P RS T DMSO e SOV B Ky
100 mg/mL ¥, R AR BRI D0 5 d5e /N ol
e BE (MIC)™! . ¥ 2o B2 3% 1k 1 40 B B L 10°-
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I A FERE () TSB 35950k, 28 °C #irE 355, B 4 h
WORE T B A T e
1.3 S5 S 4 A AR YR
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R RN, 22 Mauriello 25130y g < 18 it
T
1.7 HHEEshEmER

22 Li FO0 00, A R RHRE R R
5T EC PREE R (4K Bl 3ni g B R SL e[ J5 , 4% S L 2
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1.8 ZOLER PCR A

W 1.2 PR A A R VA PR T 1 4 TR TR
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% 1. ALK RT-PCR A5
Table 1. Primer sequences used in this study for
RT-PCR amplification
Primers Sequence (5'—3") Size/bp
lapA F CAGATGGTCAACGCTGTGC 221
lapA R GTGTTAGCCATGCGGTTCC
JIiCF AATGATGCGGGTATCTCGG 95
fliCR GTGCCAGCTACAACCAAGT
aprX F TAACGAGCCGCAGACCCT 83
aprX R AGCCATCAACCGCTACGC
lipF CGTATGGTCAACAACGACG 101
AC
lip R ATCACAAACAGCGAAGCGA
GC
16S tDNA F GCCCCCTGGACAAAGACTG 88
AC
16S rIDNA R CATCGTTTACGGCGTGGACT
ACC
19 HdEkbH

gt 3 ANER, R Microsoft Excel
2010 (Microsoft 2 H])F Origin 9.0 #{4:(OriginLab
AN FD TR AL BRI, IR SPSS 19.0 %%
(IBM A EDE AVOVA HEFT 7 22508, P<0.05
FIRA G R EEZE T, G5 RV bR i 22

(mean+SD),

2 Rt

2.1 REEEET AR A M T AR K

J52 2RI ;PR ek B e o 41 B B TR ) /N
il ¥ B2 (MIC)RI AP M AE 2498 200 pg/mL, PAFEREHE
JE X BB BRI P A R R sE i A L 1 R . PRAE
TR 28 12 h BE 3R BARE VI, AR By
8.72 LogioCFU/mL. s A AT RE 5 i A f Al o
B ) A K, Hedr 50 pg/mL AT 100 pg/mL J
RS & 56 ng/mL il 112 pg/mL = A AR AL
AT 4 h A KIS (P>0.05), ZJRB#iikiE
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(A) —o— Control
9 —e— 25 ng/mL
—a— 50 pg/mL
| —— 100 pg/mL
8 | —— 200 pg/mL
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t/h

(B) [ —o— Control

9 +—e— 28 ug/mL
—A— 56 pg/mL
| —»— 112 pg/mL
8 - —e— 225 pug/mL

P T R R B
8 12 16 20 24
t/h
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1. 28°C TRAWEBWWINK BHEEGB) M RERE PS28 £ KA

Figure 1.
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Figure 2. Effects of TC and CD on the biofilm of
PS28 at 28 °C.

Effects of trans-cinnamicaldehyde (TA, A) and cinnamicaldehyde (CD, B) on the growth of PS28 at 28 °C.

F% 24 h [ E YRR 5] 0.74 (ODseo), WS NINAEE
T B 0. 25 R AT TR A2 P o I Y T i (P<0.05), 1/8
MIC. 1/4 MIC 1 1/2 MIC Jz =X PH:EE 73 591 ALK
32.88%. 47.95%F01 60.27%H) 45 fb &, AT
e RE B 2 P A DU 9 /D 26.03% . 41.10% FlI
52.05%, 1/4 MIC #1 1/8 MIC 1EF @ iss /b5 6
3% 22 5(P>0.05).
2.3 PIAEET A0 ARG B 5

TR A8 B 26 A= 0 0 BT ol P 490 s B 2
VEFH AR Xof A T B T R B Sz ] 3
Fizno WHEERE, RETEMCR LA R % 24 h AR,
B A% 6.36 CFU/em®, PABEREAE & 5 PRI 1l
A B BRT PRG54 ) 25 SR 1
R, B RKEERGEE . o 12 MIC SR
PR e T S0 B 6 PR R 22 B30 S e e P 0 9 e
43514 56.35%H1 61.10%, 1/8 MIC ., 1/4 MIC )
2 VRS 23 B FRA 30.82%H1 39.74% KGR, 1
1/4 MIC. 1/8 MIC Ay =X PA i TGt 2 5% il
(P>0.05). Z5 5B, V0GR R B2 1) PR AR T o) e 7
A B R TRT P R B 1 R B R ], LR S PR A X
AT R k2 0L B g 40 3 12 o
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Figure 3. Effects of TC and CD on the adhesion of
PS28 at 28 °C.

2.4 CLSM WA Y IRI 251

K CLSM WS PR 2 X e 14152 B it 1 o
ZERRREI, Qi 4 R Z5ERREL, BEfEE R
MBI 2 24 h BESR R B0% , JREE N 40.67 pm,
TP ol PR R RS S 0 i A 5 I AT T A A 0 Bk B 1 T
B, HhEshn 1/8 MIC, 1/4 MIC., 1/2 MIC XA
TR 0l TS B 43 s /0 2= 25,33, 17.67, 10.50 um,
TN PR A A T o s B2 32 AT R 25,52, 18,67
14.00 um. H M SYTOO9-PI W Fh Lk Wig<5], 4b B
AP 2 A 5O0E S, R ERAL

Control 1/8 MIC

PRREIE B NER, IR R AATE T, R
J& 172 MIC b3, AP s, R
TS A0 L e A B TR U W S A, HLAR
1B, B A M R 2
2.5 REREXTHEE SRR

HHEEA Sz sh S 5 A0S Bl R T Y
KB, SEMRSBR R . s 5 Fos, BRI
WG R 24 h IIKShY BUER N 491 cm. FEE A
FEREVR RGN, Bk sh EAR B AL, 5% AR
k. 1/8 MIC, 1/4 MIC 1 1/2 MIC Jz 2 A= A
BESr BIRAR K 5 B4 14.08% ., 23.18%. 58.08%7
16.64% . 20.57%. 42.29%. ML P, WANHE
W S RVRE T X2 2l 1 2R B0 B 5 A 4 o 2
2.6 PIREREXTAH TR MU A B W A A B ) R e

W 6 Fr7R, 43 Hr PR X A Tl B e T 7
F LA B A A5 R, A BR VR B 1 IR R
TRAE XoF oA 152 P L P A/ il 240 3 B TG P . R
R MR 2215 95 5 SR TR TS 0.74 TG PR R
O, TREFRIG IR RS IR E] 0.17 A& B0 o
S P VR A R T A N S IS N A O
(P<0.05), H:A /X NAEEREE 1/8 MIC, 1/4 MIC, 1/2
MIC Kb FEZH #4530 AR 11.90% . 23.81%
M 61.90%, ARMiHEE R 12.82% . 23.08%F

172 MIC

1/4 MIC

4. CLSM X122 28 °C T [ AR A HEEE X P2 B (R LR E PS28 LM AR LM RS2
Figure 4. Effects of TC and CD on biofilm structures of PS28 by CLSM image at 28 °C.
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Figure 6.

40.17%, T T2 PR AR 1 A R DL ik 3 A 3L 2, 11 Tl i
MU0 2.38% . 26.67%F01 76.19%, ]G iy il i 4 vk
/1 18.80% . 29.06%F11 47.01%.

2.7 PRI E R AR

LA 16S rDNA 1 A N2 3, RT-PCR 437 I
TR R R A TR K A s B i T Y A ) B A
JE VSRR DG R Y SRk 52 . il 7 ez, 500 B
AR, R AL PR v TR PR TR lapA

Effects of TC and CD on swimming motility of PS28 at 28 °C.
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2B REME PS28 EHHEE(A) K ASFIEEE E(B)RIF D
Effects of TC and CD on the proteinase activity (A) and lipolysis activity (B) of PS28 at 28 °C.

SliC . aprX F lip 4 DFEFFE T BT I
(P<0.05), X ARERE 1/8 MIC, 1/4 MIC AbF4H
4 AFEHF B XTIEZL 0.36-0.62 1 0.16-0.44
F, FEBIE 172 MIC AbFRZ 3k & U Xt R4
0.05-0.16 1% , FHALL ¥R P2 ML PRy Ao e Ak B 2H R Gk
Jxf BEZH 0.49-0.91, 0.19-0.41 F1 0.02-0.11 1%,
Hrp I P AR 1/8 MIC AR BRAH (1) lapA 55 % BE4H
TREER.
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e T X OB {54 T X 2 B i v 00 0 4
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Effects of TC (A) and CD (B) on four gene expressions related with biofilm and spoilage in PS28.
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aprX M lip FER43 50l maitt 48 & F i g
i BRAT s, AN I Sz X PR A I A A A
WY SRR AT lapA . fliC. aprX Rl lip 4
AN SER S R AR R, rp s o R R R
lapA F f1iC FEPIZR I S0, ML A AR 4100 o]
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JEPO A B R i 2 PR T O A AR )
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O AR (R R Y TR AR A W o RO ) BN AR
SR, 0 PR AR T A AR SR TR A
BEATE S H c-di-GMP (A2 VIHI L. Silva
SRR (422 0 T R B RERE T IRVD T T R
TR YIEG . ATP 4 B 55 e s A R R 30 ] 2R
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ST

AU, SR PR AR T R A A8 i U8 T
e 1 B TR A= 0 o G R S0 P A i 4, e
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TIAE B A PR AR TR i FER L 1 P oY Al

2 % L MR

[1] Liu YJ. Biofilm formation -characteristics of specific

spoilage bacteria from chilled pork and transcriptomics

(2]

(3]

(4]

(]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

mechanism at low temperature. Master Dissertation of
Shanghai Ocean University, 2016. (in Chinese)

RUZKTE .V 20 PR S 5 WO TR 4 A ) R S AR A 15 A1 O % S
ST, BT AL A 118 S, 2016.

Borges A, Abreu AC, Dias C, Saavedra MJ, Borges F,
Simdes M. New perspectives on the use of phytochemicals
as an emergent strategy to control bacterial infections
including biofilms. Molecules, 2016, 21(7): 877.

Abdou ES, Galhoum GF, Mohamed EN. Curcumin loaded
nanoemulsions/pectin  coatings
fillets. Food Hydrocolloids, 2018, 83: 445-453.

Kim YG, Lee JH, Kim SI, Baek KH, Lee J. Cinnamon bark

for refrigerated chicken

oil and its components inhibit biofilm formation and toxin
production. [International Journal of Food Microbiology,
2015, 195: 30-39.

Vasconcelos NG, Croda J, Simionatto S. Antibacterial
mechanisms of cinnamon and its constituents: a review.
Microbial Pathogenesis, 2018, 120: 198-203.

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.  International  Journal  of  Food
Microbiology, 2018, 269: 98—106.
Upadhyay A, Upadhyaya [, Kollanoor-Johny A,

Venkitanarayanan K. Antibiofilm effect of plant derived

antimicrobials  on  Listeria Food
Microbiology, 2013, 36(1): 79-89.

MAR, Venkitanarayanan K. Effect of

monocytogenes.

Amalaradjou
trans-cinnamaldehyde on inhibition and inactivation of
Cronobacter sakazakii biofilm on abiotic surfaces. Journal
of Food Protection, 2011, 74(2): 200-208.

Cetin-Karaca H, Newman MC. Antimicrobial efficacy of
phytochemicals against Bacillus cereus in reconstituted

infant rice cereal. Food Microbiology, 2018, 69: 189—-195.

Djordjevic D, Wiedmann M, McLandsborough LA.
Microtiter plate assay for assessment of Listeria
monocytogenes  biofilm  formation.  Applied  and

Environmental Microbiology, 2002, 68(6): 2950-2958.
Nguyen HDN, Yang YS, Yuk HG. Biofilm formation of
Salmonella Typhimurium on stainless steel and acrylic
surfaces as affected by temperature and pH level. LWT-Food
Science and Technology, 2014, 55(1): 383-388.

Ge YY, Zhu JL, Liu L, Ren YJ. Spoilage phenotypic

characterization and identification of Aeromonas isolated

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



34 Chuntao Gu et al. | Acta Microbiologica Sinica, 2020, 60(1)
from spoiled Larimichthys crocea. Journal of Fisheries of [17] Andreani NA, Carraro L, Fasolato L, Balzan S, Lucchini R,
China, 2017, 41(6): 861-869. (in Chinese) Novelli E, Cardazzo B. Characterisation of the thermostable
B, REFH, X, (T2, KA AR E R 5 protease aprX in strains of Pseudomonas fluorescens and
B E RBUB R, KF=24R, 2017, 41(6): 861-869. impact on the shelf-life of dairy products: preliminary

[13] Mauriello G, Casaburi A, Blaiotta G, Villani F. Isolation and results. [talian Journal of Food Safety, 2016, 5(4): 6175.
technological properties of coagulase negative staphylococci [18] Lee JH, Ashby RD, Needleman DS, Lee KT, Solaiman DKY.
from fermented sausages of Southern Italy. Meat Science, Cloning, sequencing, and characterization of lipase genes
2004, 67(1): 149-158. from a polyhydroxyalkanoate (PHA)-synthesizing

[14] Silva AF, Dos Santos AR, Trevisan DAC, Ribeiro AB, Pseudomonas resinovorans. Applied Microbiology and
Campanerut PAZ, Kukolj C, De Souza EM, Cardoso RF, Biotechnology, 2012, 96(4): 993—-1005.

Svidzinski TIE, De Abreu Filho BA, Junior MM, Mikcha [19] Gjermansen M, Nilsson M, Yang L, Tolker-Nielsen T.
JMG. Cinnamaldehyde induces changes in the protein profile Characterization of starvation-induced dispersion in
of Salmonella  typhimurium  biofilm. Research in Pseudomonas putida biofilms: genetic elements and
Microbiology, 2018, 169(1): 33-43. molecular mechanisms. Molecular Microbiology, 2010,

[15] Shi C, Guo D, Zhang WT, Guo KL, Wen QW, Guo X, Liu 75(4): 815-826.

ZY, Yin SH, Yang BW, Xia XD. Inhibitory activity of [20] Newell PD, Yoshioka S, Hvorecny KL, Monds RD, O’Toole
trans-cinnamaldehyde against Cronobacter sakazakii. GA. Systematic analysis of diguanylate cyclases that
Modern Food Science and Technology, 2017, 33(10): 58—66. promote biofilm formation by Pseudomonas fluorescens
(in Chinese) Pf0-1. Journal of Bacteriology, 2011, 193(18): 4685-4698.

A, FRER, akoCE, P, AT, e, &g, F [21] Simm R, Morr M, Kader A, Nimtz M, Rémling U. GGDEF
ARAe, B, B, PR X BioR) e 2 34 W AT T and EAL domains inversely regulate cyclic di-GMP levels
e T, 3R SR, 2017, 33(10): 58-66. and transition from sessility to motility. Molecular

[16] Banu SF, Rubini D, Murugan R, Vadivel V, Gowrishankar S, Microbiology, 2010, 53(4): 1123-1134.

Pandian SK, Nithyan P. Exploring the antivirulent and sea [22] Valentini M, Filloux A. Biofilms and cyclic di-GMP

food preservation efficacy of essential oil combined with
DNase on Vibrio parahaemolyticus. LWT, 2018, 95:

107-115.

actamicro@im.ac.cn

(c-di-GMP) lessons from  Pseudomonas
aeruginosa and other bacteria.

Chemistry, 2016, 291(24): 12547-12555.

signaling:

Journal of Biological



BAEESE | YR, 2020, 60(1) 35

Inhibitory activity of trans-cinnamaldehyde and cinnamaldehyde
on biofilm formation and spoilage of Pseudomonas lundensis

Chuntao Gu, Yaying Wang, Junli Zhu', Jing Hu

Food Safety Key Laboratory of Zhejiang Province, School of Food Science and Biotechnology, Zhejiang Gongshang University,
Hangzhou 310018, Zhejiang Province, China

Abstract: [Objective] To investigate the inhibitory activity of trans-cinnamaldehyde (TC) and cinnamaldehyde
(CD) on spoilage and biofilm formation of Pseudomonas isolated from spoiled beef. [Methods] The minimal
inhibitory concentration (MIC) on Pseudomonas lundensis was measured by plate counting. Effects of sub-MIC
two cinnamaldehyde on the biofilm formation and extracellular enzymes were evaluated by crystal violet staining,
bead vortexing, confocal laser scanning microscope, folin method. The effects of sub-MIC TC and CD on the gene
expressions of lapA, fliC, aprX and lip were detected by real-time quantitative PCR. [Results] MIC of TC and CD
was 200 pg/mL and 225 pg/mL, respectively. Cinnamaldehyde at sub-inhibitory concentration of 1/8 MIC, 1/4
MIC, 1/2 MIC decreased significantly the biofilm biomass and adhesion of P. lundensis. Compared to the control,
the biofilm of P. lundensis decreased by 60.27% and 52.05%, when supplemented with exogenous 1/2 MIC of TC
or CD, respectively. The 1/2 MIC of TC and CD decreased the bacterial adhesion by 56.35% and 61.10%,
respectively. The treatment by TC or CD resulted in the thinner biofilm thickness of P. lundensi, even partial
biofilm cell was killed by TC. Two cinnamaldehyde strongly inhibited swimming motility, and the inhibitory rates
were 58.08% and 42.29% by 1/2 MIC of TC and CD, respectively. Furthermore, protease of P. /lundensis decreased
by 61.90% and 76.19%, while lipolytic activity inhibited by 40.17% and 47.01% in the presence of 1/2 MIC of TC
and CD, respectively, indicating that sub-MIC TC or CD markedly repressed the two extracellular enzymes activity.
Cinnamaldehyde caused greatly down-regulated gene expressions of lapA, fliC, aprX and lip (P<0.05), except no
significant difference in /apA gene treated by 1/8 MIC of CD. The expressions of lapA, fliC, aprX and lip decreased
to 0.05-0.16 and 0.02-0.12 fold in P. /undensis treated with 1/2 MIC of TC and CD (P<0.05), respectively.
[Conclusion] Two cinnamaldehyde isomers at sub-MIC significantly repressed biofilm formation and spoilage of P,
lundensis. TC had a stronger inhibitory effect on biofilm formation, while CD was more effective in decrease of
extracellular enzymes, which was closely associated with down-regulation of expression of related genes by
cinnamaldehyde.
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