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Abstract: [Objective] To screen out the lactic acid bacteria that can inhibit the biofilm
formation of Listeria monocytogenes (LM), identify the active component of the bacteria, and
analyze the function of the active component. [Methods] We employed crystal violet staining
to screen out the lactic acid bacteria of which the extract could inhibit the biofilm formation of
L. monocytogenes. We analyzed the potential active component that inhibited biofilm formation
by acid neutralization, protease treatment, and heat treatment and hypothesized that the main
active component was extracellular crude polysaccharide (ECP). We then employed ethanol
precipitation to extract the ECP from the lactic acid bacteria and analyzed the inhibitory
activity of ECP on the biofilm formation and growth of L. monocytogenes. The morphology
and structure of the biofilm treated with ECP were characterized by laser confocal scanning
microscopy and scanning electron microscopy. [Results] The inhibition rate of Limosilactobacillus
fermentum CSC-19 fermentation supernatant on the biofilm formation of L. monocytogenes
1516-2LM was 81.7%. After heat treatment and protease treatment, the activity of the
fermentation supernatant did not significantly change (£>0.05), which indicated that the active
component in the fermentation supernatant may be ECP. ECP inhibited the biofilm formation
of L. monocytogenes in a concentration-dependent manner, while it did not inhibit the growth
of L. monocytogenes. The results of confocal laser scanning microscopy and scanning electron
microscopy showed that ECP destroyed the three-dimensional and honeycomb-structured biofilm
and left only a few scattered adherent cells on the surface of the glass slide. [Conclusion] The ECP
of L. fermentum CSC-19 inhibits the biofilm formation of L. monocytogenes, which is expected to
be applied to the prevention and control of food contamination.

Keywords: Limosilactobacillus fermentum; extracellular crude polysaccharide; Listeria
monocytogenes; biofilm; inhibition
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FEAL R R, oM . MUMAE |
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1 HE5xZ

1.1 EEMRALE
L.1.1  EHREIR

S it P LM B R S A S 6 2 A DA
eGP B TR, TRANE R AR 1 o, e
172400 1575143 B (multilocus sequence typing),
S HUCEE 7 BAS R 41 8 (sequence types, STs)Fl
ol 2 A #f (clonal complexes, CCs). FLHR B B Ak
HIFAFEANER 2 PR, i3 S B oG AR e i 2
TKATI ] 1 (microflex™ LT/SH MALDI-TOF
system)4E & H A E

#x1 BEFHGFEZIREKREKIR

Table 1 Sources of tested strains of Listeria
monocytogenes

Strains STs CCs References
1516-2LM 121 121 [13]
1132-3LM 2 2 [13]
3718-1LM 323 288 [13]
948-1LM 101 101 [13]
2919-1LM 224 224 [14]
819-1LM 155 155 [14]
869-1LM 8 8 [14]

*2 ABREEKRKIR

Table 2 Sources of lactic acid bacteria

Strains  Species Sources
SG-10  Lactobacillus plantarum Agaricus blazei
SG-22  Lactobacillus plantarum Agaricus blazei
YD-9 Lactobacillus plantarum Flammulina velutipes
YD-19  Lactobacillus plantarum Humus-rich soil
FS-18  Lactobacillus plantarum Humus-rich soil
FS-35  Lactobacillus plantarum Humus-rich soil
CSC-6  Lactobacillus plantarum Sour bamboo shoot
CSC-19 Limosilactobacillus Pickled cowpea
fermentum
CSC-56 Lactobacillus pentosus ~ Fermented black beans
63-4 Lactobacillus plantarum Rice noodle rolls
CD7-3  Lactobacillus plantarum Pickled chicken feet
CD8-4  Lactobacillus plantarum Pickled radish
CD9-5  Lactobacillus plantarum Pickled radish
CD10-2 Lactobacillus plantarum Pickled cabbage
CD11-1 Lactobacillus plantarum Pickled cauliflower
CD12-1 Lactobacillus plantarum Pickled radish
CD13-5 Lactobacillus plantarum Pickled potato
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M EOBER 2 MRS N7 TP AkSE 15 5% 48 h,
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1.3.1 BEkIiFiE
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B A YR LR W N FE R Wbk, R
FH4E fi SR Y G 00 AR Wt e O Bk
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37 CHEFRILIKE ODeoo [HH 0.6, 4% 1% (1A
SEOBEMEREZE TSB W7, WH 100 uL
1516-2LM #5 BB 96 FLARH , FEANA 100 pL
N-CFS 35 [7] 2R 1) TSB A Sy S 36 2H F01 B P %of
MaZrh, S XA A 100 pL MRS W
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8—14 kDa BH4SENT 48 h (4 C, £ 8 hffle—ik
K, BZR VR TR, A5 SN Z B (extracellular
crude polysaccharide, ECP)#E B AL i o
135 EPEEE. EHRSENE

LA 2 W5 R bm v, R R - 1R 12 U
ECP iy BB & i, 4% Huang 25 73R i
& eCHEA T o B P I E AR Bradford
2B 11 W B2 I 72 1 77 & (Bradford Protein Assay
Kit)fift 6B 17
1.3.6 ECP X4 4% B2 s A4 B A K B9 1E A
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F10.125. 0.25. 0.5, 1.0 mg/mL ) TSB A% .
FEHL 1516-2LM HL[EV% 2 10 mL TSB W7,
37 CIIIGIRE ODeoo J 0.65 RIEHE 1% (1K
FUAr B0 3 i i 43 BN A& S [l B2 ECP (1)
TSB WAVEAPIREE TR, 200 pL/ALATIARFM
A 96 fLH T, LA 200 pL TSB A7 4 25 1 %) 1R
, RAEE R YL ke A Y R i T i
[, #e BOAE [R A 5 00 7 Bk LM R Ak
(1516-2LM, 1132-3LM, 3718-1LM, 2919-1LM ,
819-3LM . 869-1LM, 948-1LM)7E 1.0 mg/mL
ECP /E T A Wl BRI Bt (S 3 3 IR A2
HH),

&4 1.0 mg/mL ECP (9 1516-2LM ¥4
KSR 200 uL A 96 FLAH, LIAS T ECP (1)
TSB RAAE R BA X B, (P 4 0 4 A {3
FE 24 h A K4k, M ECP Xt LM A= K AU 52 o
1.4 ECP HDHI S 404 B= 2 B HO FRAE
141 FEHRERHEERNE

K O R 2 4 B 8% (laser  confocal
scanning microscopy, LCSM)WL%E LM A= ¥ # i
FE RGO . 2 08 Wang S i I Emg MR B L,
FEHL 1516-2LM HL[EVE T 10 mL TSB 7 b5
FRILTLE ODeoo 4 0.6, 3% 1% (KB H0)HeFh
AN A 0.25 mg/mL 1 0.125 mg/mL ECP
1) TSB WHAE MBI R IR, Jebs Jom 40 e
R (@=14 mm)it A 24 fLikH, FA 1.5 mL
WIMRE: IR, 37 CHiFE 24 ho KBk LS, H
PBS i EIE i 3 RIT5HE 2080 24 fLAk, 435
WZHC 7.2 WL SYTO 9 Y41 7.2 pL P14 T 4.8 mL
PBS "I BUR G UM, I 800 uL TR YL m
A 24 fLtlr, FilESEYL 6 25 min, &5
PBS Ve ZpYukl, FIAEOEI R A B
BOWEIT R AW EIE .

142 HFAMBETFEME
K H H 7 B85 (scanning electron
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microscopy, SEM)WLEE LM A= ¥ 8 BRI i 175 1 -
Z B UE H PO IO R s e, Al iRIe R
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1) 240 T 285 R 225 4
1.5 BFESH

R EHE K ] GraphPad Prism 8.0.1. IBM
SPSS STATISTICS 22 F Excel 2016 #1748
MrFnE AR IAE , 22410t R R 2 22508,
P<0.05 FnERHAGI#E L,

2 BER540

2.1 HINEIE Y AR 2 B 2L ER B R 7
ABIFTE L5 S RE ST R AR 1516-2LM £
?%I?’ET/?%T# Eﬁﬁﬂﬂi%%ﬁﬂ%%ﬁi%ﬁﬂ’]ﬂ

N-CFS WY il e )1, 255 0 f FLIR i
I FEIU R — 5 1 AR g A i v (B 1),
PLR BEZLFTF B CSC-19 4 31 1 20 SR 05 oy b 2
(81.7%), A 16 HRFLER R XS AE Pk B iy 100 o)
%ﬁl&%%w%o.%,ﬁﬁﬁ@ﬂﬂ%
CSC-19 1E I FERXT G AT T — W5
2.2 HIHISE A AR BE M BR A 1 B A
RBEFLFF A CSC-19 HHRHY N-CFS fE£ 4t
100 CAbBE 1 h )5, SRZHABLA N-CFS
o, 0300 2R W w AR IR A &R B Ak
(P>0.05), FW] =il Jo7AAf N-CFS Hh g4l 2: 4
PTG R R, iﬂﬁ&t%ﬁﬂﬁ RAFH
PR EVE(E 2A). N1 2B fizs, 24t 1.0 mg/mL
RO, PR, B K AR RE N
WAL FS KB, SHIA MRS 7 HXT BR 4 A
Eb, WAL HLS A9 N-CFS 5 HA 2 A9 A= 1 ol it
S E(P<0.05); 5 ARZ ML PR N-CFS Xt
FEZHAR EE, BEALPEJS N-CFS Y AR 4 9l R 1 1%
PEBEA &t B AR (P>0.05), 1 B 2 1 il b B
JG W A 10 ) A= 4 0 O M B R s, R

FR )0, I 25 AR Y i E 17 MRELERTE N-CFS Hiid s vl BeAR s T i i .
1.5 - a
oL
s
0.5 -
0.0 s b ol Fel FEL Ee B e B il }

\\ng&@%qwuﬂa%q%bw\

vV
S Q%Q S S ITF TS

O\ 4

Strains

1 FLE4HE N-CFS STE#k 1516-2LM £ # B a0 &1ER

Figure 1

The inhibition of the N-CFS of lactic acid bacteria on the biofilm formation of strain 1516-2LM.

Values with different lowercase letters mean significant difference (P<0.05), while with the same lowercase

letters mean no significant difference (P>0.05).
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ODS‘)S
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1.5
1.0 -
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051
0.0 S S WS
CF LS
QOQ % Q/@ &d’Q\é‘&{b%
<€
Protease

2 FARLIB(A)FNE B EFRLIE(B)XT N-CFS HNHI % 4% AR 2 55E M B0 220
Figure 2 Effects of heat treatment (A) and protease treatment (B) on anti-biofilm activity of N-CFS. Values
with different lowercase letters mean significant difference (P<0.05), while with the same lowercase letters

mean no significant difference (P>0.05).
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RERSEN 0.3%, U] ECP A S R &SH
/b B
2.4 ECP X4 4% FER B 2B 4 K B9 1E
R

il 3 s, B IEFLA R CSC-19 1Y
ECP #4714 T it o0, ARV EE () ECP il
il LM A=W BT i 455 &3, 62.5 pg/mL
1) ECP #lt fitd . 2 1 il A= W09k B AR JE 18 (P<0.05),
Bl ECP W BR300/ P o bl =2 35 588
Ui B ECP X A= )45 RS0 400 1 FH B A e J32 A
Ve, REEFLFF# CSC-19 ECP % 7 #fA[A] ST %l
) LM AR A Pk B 04 7% s 1A il 1R
#£ 1.0 mg/mL ECP WEAR, EWpk A TE Ak
152 B B 2 04 (P<0.000 1), 5B ECP i)
il LM AE W B8 LA T 15 VE (BT 4A). Gl
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4B itz , 4 1.0 mg/mL ECP XJ bk 1516-2LM
AR MR m AT A, TR 10h N, 52
5 ZH 0T BE ZH A H 5= i 0 38 0 B A R

FERESE 10 h J5 , X HRAL ) OD {6 H L N B,
Al B T IR RTE 96 LU R 4, WA

20

15

S0
S

0.5

0.0

ECP concentration (mg/mL)

3 AFEAKE ECP MEK 1516-2LM £ 44 =
T2 R ES HIHIRR

Figure 3 Inhibitory effect of ECP at different
concentrations on strain 1516-2LM biofilm. Values
with different lowercase letters mean significant
difference (P<0.05), while with the same lowercase
letters mean no significant difference (P>0.05).
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Y 0.2
S
0.1
0.0

10 12 14 16 18 20 22 24
t/h

4 ECP Xf7[E ST B! 5 2B 4 B 4 M4 BE S B R 1516LM A KA F2 0
Figure 4 Effects of ECP on biofilm formation of different Listeria monocytogenes STs isolates (A) and on
the growth of strain 1516LM (B). *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.

WRIERE, 16 hJ5s25e4H OD (EITAf X I ,
2% ECP mlfEXT LM A4 KA —ERIediEA . 2%
AR, ECP FHAIHIEERE 1516-2LM B4 K, it

1 OOTlm

1 OOTlm

B ECP AN s i A= R se i A P AR T .
25 HMAHBRERMEMEMARBTE
MERMEBLER
I oL PO R W T . ECP
A Live Dead
Control
0.125 mg/mL
0.25 mg/mL

1 OO_CLIH

B 5 AEHRERHBETERRQIMIEFHEET

1 O(Tpm

T 1R I AR R B 0 A8 4k, A ) o A e 22
PI/SYTO 9 #efi)m, 1AL, FEAIME
ZI(0, FEXTREL S, LM ARl g i 2o,
R T RGE ), KA MG TE . 4 ECP Ak
RS AR Y A I R /b, S5 R AR TR
FETH RO B I, ECP W MGE, ARfkibk
B (B 5A). LM 7EHH ST SRk

Live/Dead B

EMBEGB)IE ECP 1EA TEHIER T

Figure 5 The effects of ECP on the changes of biofilm formation characterized by confocal laser scanning
microscopy (A) and scanning electron microscopy (B).
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