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The role of quorum sensing in biofilm formation of foodborne micro-organism
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Abstract: The biofilm is a multicellular group structure formed by
numerous gathered microorganism which adheres on the surfaces.
This phenomenon is widespread in a variety of foodborne micro-or-
ganism, and it is important for food processing and security. Quorum
sensing (QS) has been proven to be an important factor in the forma-
tion of biofilm. In this review, the regulation function of QS in the
biofilm formation of several kinds of foodborne bacteria and fungi
was discussed, and this would provide reference to biofilm control
and utilization in food processing.
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Figure 1  Representation of a hypothetical developmental

model of a mixed-species biofilm
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Table 1  The main factors and mechanism influencing

biofilm formation
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Figure 2 The control process of QS in foodborne

bacterial biofilm

FAE TS QS H S5 T A 2L, wl LLSE G 45 5 A0 iE
MEAANEE S 2> T2 ML T3 QS R ge. B T i AL ) IR BY
Tk, B T S BHL I 40 7 /9 QS &R &8 il I A ROR 5 A4
YIMERIE . 5380, B T B ] AL2 55 5 T A= 4
JEE TR ) A S 3 AT LAGE 2o B8 SE RS A5 523 T a2 2
# ik (Competence-stimulating Peptide, CSP) 3k 4 i1 A= 9y i5 i
TR o AR S 5 T AT A S 2 R 0SB B I 3 A R Y
3K DT R W 2R ) IR AN AR 2R

2.3.2 HRLRMBCRMI T R kB TR R L B BOR .
WHO fE HACCP ¥l v B 8 15 1 5 ¢ {50 0 1 2 %2 Lo
K 14 18 F 45 7 B AT BB LIRS R PTI B ZE A
TR 5 5 23 A1 50 i T 19 AR P K AR T B 5 B0 e 0 R A
Jarosz SRS TR Y QS ARG, RIMH R — 4
W LIRS W ARG 46 Las RE.Rhl REM PQS
A GE AT LAV 45 20 B ™ A= M A1 Bl A0 R R A 3B T 9 YT
FeA R AN 20 L TE U RE B T AR A i AR W B AT AR B A R
G fE TR SE T RER IS BR LA BT AE R AR 2 S B iR
I7 AR B R N 2 — ., Davies™ 758158 QS 6540 F 54
W REE IR 26 ZR I e U BE 7™ AR e E. AHLs £5 5 20 7 19 i 2 £ A
JRAT T 5 A8 B bk RBETE LS T L e - 119 A 9 I P A T R bk DU
T T A S5 K 5 B R AR W B TE AR IS %5 43 705
FEAE R SLRETE A A A W TBE - IATATUE 52 QS 1520 T 74
LI EPEAT A A A IR ) G i R T A 4 A

2.3.3 KB BFR¥E Y R E 0157 HT
A R T BECOGE Ji A B B A 7 i LB PA) o i 1) T e R
BA—EREm, eSS T, & B
3215 R Y AR T L DA T S 2045 At Bl A W R 22 LTS L —
EUR S WY A Y BT A8 U 2 65 20 A L 38 O i A 1
EBRAE AR o (ELR R S K I T T LA S 6 1 B AR
BLARGE . BHA LuxR B FRRE A (H R AR S Luxl B [H
BEG. WA S REA AL EEMES 2 7. Hig 5 K

196

A AL A5 5 5 F 45 & IR AR O I k. ¢
Pt AR b gy B — R R R RE A
AHL 5543 F (B AT-1) B %45 5 43 15 2 K AT B R Ik
TR RGBSR S T RA B A BA G AHL {55
43 FRE 10 KA AT A R A SN IR AR 5 4 R A B g 1 R
BRI SEEARA. X R R Y, ' g 2R
Az Wy 3 () A7 AE B B AR N R 9 T S8 EL L R A TR 3R A
WREGAEYETE SR, 5. QS RETHWESHFH
Al DL A WA KB AT I O157 . H7 A= 5 K 5 T8 Bk I 35 9% 1
FRAEE S R L 2L B
2.3.4 FLERTH B 7R QS k5 A W IR R A B
TR Wy i B33 1 I VT LU 3 QS i 42 Sk £ 3k Bt 86 55 4 1
AW BT B, DA AT AN 3 B RS 2 N 268 B 0 AR
Wy AR AT LA R AR W AR 5 25 AR B I R B IS R ) AN AR E
PE. FURR BAE A £ A T RE A AR ZLIR B H A — S i i
T4 VZ R P AERR Y S T . R R A LA
P OHE-1 T LU A= 900 5 9 0 L 7 [ A i 5 i A i P
SR A e AW AR AN R H S R QSfES 4T
A2 S5 YIRE i JUT [) i 3 3% 5 04 0, 3¢ B 2L R 1 A 341
7 A 2R T R K T AR AR A B A ) R T B, A
ol AF B T L e B 5 Aok e, T R Bl L B el ) A AU
NLAE 543 F 9819 A= 0 B 09 T B ABR W AN B A . El T DL
T o8 AR A A SR IO A 4 R 1 TR R 4 A g A
77 A AT Oy A i A A B AR LB
24 QSERFEUEHEMELEPHIEEER

T QS RGEWA FE QS 554 F . [BAE H AW IEE
RS AR A LT AT QS W AR, H AR B HEA
14 Ay 1 € S R T 5 R R
241 QSTEREITHWAYMIE T MFEEN ek
TR DA H UL B TR SR TR 2 S B M A i I AR A P U
e JUHJER X R DI REN T O BR T AR W
e 22 B KA QS G5 /- F . 5] n 4 & K EE (Far-
nesol) 7 [ €8, 85 2R B i 95 BE A I BRI ] B 6 A Bk B Y AR
K IFREME O &R EE BUE B BB A E S QSR
SOrFARR I/ . Ramage G 551 198 K B 4 & X i
i REAR 5 B 22 1T A DG R 23k, L4 5 AN e 410 ol
LA TR WAL R CHKL Gl i 7Y 19 1 €0 2 Bk 7 58 A8 Bk o 22 2F
KA AE P BT BT U B 4 A W B AT RE 2 S A B
TR B B 22 M T BAH DGk R oA ) 45 8] 78 A5 ) B P T
2.4.2 QS TEPRE FERE L W EE b R IR AE T R
S SR R R AR R 2 R R B R B
PEAFGTE WG - H 8 57 W 7T i Z S B IA Y 220K AR KL T
A Wy R T I AR T R R R AN L R BB T R 22, (H
B AE SR ANATTAE B BE 3R T W48 3 — P g Sk K — R “ 2,
5 RE BRI R A G L AT BE S W TR B TR A W B TR B
PURTEE 7/ R (A =l W o R TR 7/ N il [
(Phenylethyl alcohoD) Fl {6 % ( TryptosoD) . 45 25tk QS 15
SO FIVE . AN R A I AR B R IR
e o 35 B A (Protein kinase A, PKA) 7% FLOI11 3
AL 5 Tt 40 i 26 T O 265 32) 26 3 F T 42 a8 A 0 RO I, T



MRBR

2017 &% 2

FL [7 b 1y 5 5% i v [l IS 45 Jo0 3 6 ) DB L B — I I AR
PR 22 PR AR R BB A 22, U A 3 T B AT IR A A
R BIR ZU  R  EE T 22 R A . R 2R QS 1R 54
T 1 BB A B RE AT LA S P FLO 3 N al DU i
AT AR 22K A A 5 AR W I T B
3 Je®

JE WS A 0 77 TS AL T £ ) SR P E L T EL DR G
WP T 24 1 S I RE L B R e Ml R BAR R
WA FLR b A IR A S R Ak WA S R R I 3T )
B L2 BR AR A A W IR B 3 AR AR R L A
TR BH L A T AR WA . 2 R e ) T AR A S ) T
47 A B LA 5 20 T 2 i 10 D Xk 0 4 B0 T AR )
9 T2 180 » BB AT 2500 A 12 1T 19 7 35 6B 7 D file DR £ i 2 4 )
FRALH BB . AT A5 0 A W AR W B A TR 0 R T IR B 5
300 TS 3 ) -l A 394 50 o B 16 94 22 3 5 1 O R i T A i AT
S5 AR S TR AR R i ) A T TR R R R A A AL
P e A OHT D B . S A W RS A AL R DL B B R A
AR R K LA F) 90 45 45 0 A 4 3% 4 sl TR 0 i
PR AR 2R o B0 ] 30 e 3 A SR 0 2R 9 A 4 A 0 I ) TR R 4 R
TR B by ot J5 LA X e T il HEAT 2 A ol Ak 3 FE A

5% 3k

[ 8, RS, X558, 55, 4850 TR )™ IR G Y 43 19 %88 I
Hph]. & Tk R, 2014, 35(23): 118-122.

(2] BUwesk, $ESCR, B, 5. 5LR IS A 787 B WAL Wi 4 8
e (1]. B iR, 2013(21)  204-208.

[3] YANG Bao-wei, QU Dong, ZHANG Xiu-li, et al. Prevalence
and characterization of Salmonella serovars in retail meats of
marketplace in Shaanxi, Chinal[ J]. International Journal of Food
Microbiology, 2010, 141(1): 63-72.

(4] BREE . TK3GME. /RS . 55, BI85 P ] IR 5 e I A B 4
T, SRR, 2013, 53(12) . 1 326-1 333.

(5] Af~rdm, wlirs , A, . D)4 % PR Kl 1 B AT 1 G
M43 B S 2 M4 T L), £ B2 . 2012, 33(13): 202-206.

[6] COSTERTON J W. The biofilm primer [ M]. New York:
Springer Science &. Business Media, 2007 4-28.

[7] COSTERTON J] W, GEESEY G G, CHENG K J. How bacteria
stick[ J]. Scientific American, 1978(238): 86-95.

[8] JAHID I K, HA S D. The Paradox of Mixed - Species Biofilms
in the Context of Food Safety[ J]. Comprehensive Reviews in
Food Science and Food Safety, 2014, 13(5): 990-1 011.

[9] COSTERTON J W, STEWART P S, GREENBERG E P. Bac-
terial biofilms: a common cause of persistent infections[ J]. Sci-
ence, 1999, 284(5 418): 1 318-1 322.

[10] YAN Xiang-he, FRATAMICO P M, GUI Jin, et al. A central-
ized database for use in studying bacterial biofilms and quorum
sensing in food processing and other environments; MicroBQs
[M]//FRATAMICO P M. ANNOVS B A GUENTHER N W.
Biofilms in the Food and Beverage Industries. 2009: 152-166.

[11] RODER H L, RAGHUPATHI P K, HERSCHEND J, et al.
Interspecies interactions result in enhanced biofilm formation by

co-cultures of bacteria isolated from a food processing environ-

ment[J]. Food Microbiology, 2015, 51. 18-24.

[12] DANESHVAR Alavi H E, TRUELSTRUP Hansen L. Kinetics of
biofilm formation and desiccation survival of Listeria monocytogenes
in single and dual species biofilms with Pseudomonas fluorescens,
Serratia proteamaculans or Shewanella baltica on food-grade
stainless steel surfaces[]J]. Biofouling, 2013, 29(10); 1 253-1 268.

[13] SINGH R, PAUL D, JAIN R K. Biofilms: implications in
bioremediation[ J ]. Trends in Microbiology, 2006, 14 (9):
389-397.

(14 Ebf, FIRUHE . 24 . 55, PRINF) 2 FLFF A0 PEE BRI A B
TE B sET]. & MR, 2011, 32(19): 184-187.

[15] OTTO M. Virulence factors of the coagulase-negative staphylo-
cocci[ J]. Frontiers in Bioscience: a Journal and Virtual
Library, 2004, 9. 841-863.

[16] YANG Liang. BARKEN K B. SKINDERSOE M E. et al. Effects
of iron on DNA release and biofilm development by Pseudomonas
aeruginosal ]]. Microbiology, 2007, 153(5): 1 318-1 328.

[17] KANEKO Y., THOENDEL M, OLAKANMI O, et al. The
transition metal gallium disrupts Pseudomonas aeruginosa iron
metabolism and has antimicrobial and antibiofilm activity[]].
The Journal of Clinical Investigation, 2007, 117(4) . 877.

C187] WA2FAH . Zlk, SRHE. 45, Cu®™ %A Wy 8 3 L i &0 3 & 0 1) 3
Wi [J]. AL T2 4R . 2014, 65(3): 1 062-1 067.

[19] FLEMMING H, WINGENDER J. The biofilm matrix[J]. Na-
ture Reviews Microbiology, 2010, 8(9): 623-633.

[20] GE Xiu-chun, KITTEN T, CHEN Zhen-min, et al. Identifica-
tion of Streptococcus sanguinis genes required for biofilm for-
mation and examination of their role in endocarditis virulence
[I7]. Infection and Immunity, 2008, 76(6): 2 551-2 559.

(217 MR, 2 B ol ) BR T 14 A 0 RO i 5 HC A 6 % IR i 5 [ .
K K224, 2007, 28(3): 89-92.

[22] /e, BRAT, B, 5. 3% R AT BR 1A A 0 58 AR 5 3E R
8 3 I 4 TR R M 22 R R A A RO A b A B
FEL1]. R ERIALE, 2015, 29(1): 63-68.

[23] PIAO Z, SZE C C, BARYSHEVA O, et al. Temperature-reg-
ulated formation of mycelial mat-like biofilms by Legionella
pneumophila[ ]]. Applied and Environmental Microbiology,
2006, 72(2): 1 613-16 22.

[24] BASSLER B L. How bacteria talk to each other: regulation of
gene expression by quorum sensing[J]. Current Opinion in Mi-
crobiology, 1999, 2(6). 582-587.

[25] fRme, W0, E47, 5. 464 IENIB S P8 0L
0], =W dRis . 2009, 26(2): 48-50.

[26] PODBIELSKI A, KREIKEMEYER B. Cell density-dependent
regulation: basic principles and effects on the virulence of
Gram-positive cocci[ ] ]. International Journal of Infectious Dis-
eases, 2004, 8(2). 81-95.

[27] FOZARD J A, LEES M, KING J R, et al. Inhibition of
quorum sensing in a computational biofilm simulation[ J]. Bio-
systems., 2012, 109(2) . 105-114.

[28] VALLEJO J A, SANCHEZ-PEREZ A, MARTINEZ J P, et
al. Cell aggregations in yeasts and their applications[ J]. Applied
microbiology and biotechnology, 2013, 97(6): 2 305-2 318.

[29] HUANG Min-ting, LU Chun. Detection and Function of Bio-

197



E33EFEZH

o FE T 45 < A IR

TE B I SO W A W IROE B A9 A

Membrane Extracellular Polymer[J]. Journal of Microbiology.
2010, 6. 23.

[30] GUO Min, GAMBY S, ZHENG Yue, et al. Small molecule in-
hibitors of AI-2 signaling in bacteria: state-of-the-art and future
perspectives for anti-quorum sensing agents[ ] ]. International
Journal of Molecular Sciences, 2013, 14(9): 17 694-17 728.

[31] AbfEke. & M o 5 AR 9 IR B LacZ it 45 Jk A il A& 92 9 5 AP
BRYESLID]. M2 )il K2, 2012 46-47.

[32] FEMe. EIWA i ol s AR S5 RN R 2 RD]. §8 . hE
WFVERAE, 2014, 39-41.

[33] HE Zhi-yan, WANG Qian, HU Yue-jian, et al. Use of the
quorum sensing inhibitor furanone C-30 to interfere with
biofilm formation by Streptococcus mutans and its luxS mutant
strain[ ] ]. International Journal of Antimicrobial Agents, 2012,
40(1): 30-35.

[34] ZHANG Kai, OU Mei-zhen, WANG W, et al. Effects of quo-
rum sensing on cell viability in Streptococcus mutans biofilm
formation[ J]. Biochemical and Biophysical Research Communi-
cations, 2009, 379(4): 933-938.

[35] JAROSZ L M, OVCHINNIKOVA E S, MEIJLER M M, et al.
Microbial spy games and host response: roles of a Pseudomonas
aeruginosa small molecule in communication with other species
[J]. PLoS Pathog, 2011, 7(11). ¢1002312.

[36] DAVIES D G, PARSEK M R, PEARSON J P, et al. The in-
volvement of cell-to-cell signals in the development of a
bacterial biofilm[]J]. Science, 1998, 280(5 361): 295-298.

[37] GIAOURIS E, HEIR E, HEBRAUD M, et al. Attachment
and biofilm formation by foodborne bacteria in meat processing
environments: Causes, implications, role of bacterial interac-
tions and control by alternative novel methods [ J]. Meat
Science, 2014, 97(3) . 298-309.

[38] LIU Nancy, NOU Xiang-wu, LEFCOURT A M, et al. Dual-

species biofilm formation by Escherichia coli O157: H7 and envi-

ronmental bacteria isolated from fresh-cut processing facilities[ ] .
International Journal of Food Microbiology, 2014, 171 15-20.
[39] VAN der Veen S, ABEE T. Mixed species biofilms of Listeria
monocytogenes and Lactobacillus plantarum show enhanced re-
sistance to benzalkonium chloride and peracetic acid[J]. Inter-
national Journal of Food Microbiology, 2011, 144(3): 421-431.
[40] YAO Yong, MARTINEZ-YAMOUT M A, DICKERSON T J, et
al. Structure of the Escherichia coli quorum sensing protein SdiA
activation of the folding switch by acyl homoserine lactones[ ] ].
Journal of Molecular Biology, 2006, 355(2): 262-273.
[41] 4. RIBFFE T BIBEARIR RN D) RE 72 (D], B M -
2014, 121-125.
[42] STURBELLE R T, DE AVILA LF D C

7R

, ROOS T B, et al. The
role of quorum sensing in Escherichia coli (ETEC) virulence factors
[J]. Veterinary Microbiology, 2015, 180(3): 245-252.

[43] sk, RIYFLAT W HE-1 7R B JR = M ) BT 5 LuxS/Al-2
RERIEDI R R R OF S (D] WEAERR . 5l Rl K 2%
2014 33-35.

[44] 22, BR{d. RoK . FE b REHERRN RG] AP 2 ia
. 2007, 34(3); 566-568.

[45] RAMAGE G, SAVILLE S P, WICKES B L, et al. Inhibition
of Candida albicans biofilm formation by farnesol, a quorum-
sensing molecule[ J]. Applied and Environmental Microbiology,
2002, 68(11): 5 459-5 463.

[46] KRUPPA M, KROM B P, CHAUHAN N, et al. The two-compo-
nent signal transduction protein Chklp regulates quorum sensing in
Candida albicans[ J]. Eukaryotic Cell, 2004, 3(4): 1 062-1 065.

[47] DICKINSON ] R. Filament formation in Saccharomyces cerevi-
siae: a review[ J]. Folia microbiologica, 2008, 53(1): 3.

[48] BOJSEN R K, ANDERSEN K S, REGENBERG B. Saccharo-
myces cerevisiae-a model to uncover molecular mechanisms for
yeast biofilm biology[J]. FEMS Immunology & Medical Micro-
biology, 2012, 65(2): 169-182.

(EB% 65 W)

M. PR T8 A A B T A B AL B W I AR T B AR IR Y
PR EEF®RB MR E T EEFTE—2$
.

5% Xk

(1] #k, BRI, HXD i J5 48 22 o 00 5 K 358 43 7 ok i 43 14 725 1k
[J]. MHEER$L, 2006(1); 18-21.

(2] Z=wme, RO, B, 55, K528 B & DRk 43 1 78
AR, 2010(1) ; 40-43.

(3] XUz A, SCHE, JEIRAT, 4. HS—SPME—GC/MS & & £ 3
KA A 8 B A bR B4 1 % DR L) ). M e BB, 2016, 49
(1): 31-37.

[4] XBYLIY, (MM, 32MIE, 45, ASE/HPLC Il 72 4% 9 1.3 2o
7] VBLIJ . &8 50U, 2012, 28(3); 96-100.

[5] =i5As. BRei. #lifs . 4. ASE— UPLC—PDA &Il & PM2.5
16 W%%%%[J]. IR 22 54 AR, 2015, 38(2) . 89-93.
(6] 225, ®izl, 5kkA, 4. ASE—SPE/GC— MS/MS i it i &

iR E R AN %EP 71 ‘ﬁwﬁ%‘ﬁz LT 43 B0k 2 4, 2013, 32

198

FARNREC)

(10): 1 180-1 186.
[7] &I‘Hiﬁ.@.ﬁ“» L R S MR E IR — LB BE A
AURE (1 — BT R I T s DR E SR K R b 2R 2 5k B
[J]. i, 2012, 30(7): 654-659.

[8] CHEN Shuo, GFRERER M, LANKMAYR E, et al. Optimiza-
tion of accelerated solvent extraction for the determination of
chlorinated pesticides from animal feed [J]. Chromatographia,
2003, 58(9): 631-636.

Lo UL, KBS, BRE:SC. 2. T o 70 6 0 — & OBORH 38 —
I8 JTR T35 10 0 S M V5 98 K 5% 4 DX AR A LY P 19 R AT AR R
Be 2 FhEE A A Bk B (). @, 2014, 32(12) .« 1 320-1 325.

[10] =2, 3245, WA, 5. ASE el i 5 205 I 52 75 3% S
e dEmiy b 2l s &) XA 57 K. 2014, 26
(12): 1992-1 999.

[11] 2Rme=2, B2, A5Wyiy, S5 sk o ) A8 B 70 0 7 7 < A o
WAL ], B AL R, 2011(5) : 13-17.

[12] BRFS . 280, 3O, I T 345 50 26 BTk 43 85 00 24 B0 IR
ST S Bl ka4, 2007, 26(9): 296-298.

[13] F/NFe, FEa 2. B AR UHE 22 B 120 2 Boxd 5 0 77 <
[J). fréh S#Lh. 2012, 28(6): 193-196.

R



