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B E: [H%] LuxS/ A% F4-2 (autoinducer-2, AI-2)BEAR AL & 47T vAB iE 403 5 4 F A 4%
BRI E ayid AR, RN SBARY @I I RIAREAG K. HEF T OELALEELRER
R, E_F XA EXEAFTAH., [BEN] KATRZAENT T RABELERILITR
(Limosilactobacillus fermentum) 2-1 #9 Al-2 5 s 48 =69k & . [ 75 ] KA REr-FLE R A
ot KIKE (Mibrio harveyi) BB170 £ 4 &% ik M & R E I T A B AR IATHA 2-1 s 2487~
FAE T AT AL2 Fir. [ R] ABFERIATE 2-1 AR Fmiie it Kk 2Rk, MERK
BERMATIEE, 1250 F A2 FHA Th it IEE, ME TR, NS48 = F L3 E i),
16 h B 2 3 & F L pu3s 0 ], i5(204.30+15.98) mg/L. 2 EH (44 °C) XK FE1%(23 °C, 30 °C), H+k
HRAREE. 25 0T AL2 FHAefish 460 = A HA2 206 BRMAIA £ F LB ERIATH
2-1 155 45F A2 699k, RERGAERFIRINSEZZ B4 ARET ST A2 FHEAR
IrEEFELEBEMNETE 1% 3% CEAZEMMKX;, BAABKBALN, ARAKREE. 54T
AL-2 FEHBILIN B 48 TR . A &R E A 100 pmol/L 998 RAZ 54T Al-2 i, 2R
T REARIATE 2-1 Msh S48 T2 (P<0.05). [4£46] A—F L4 TH, 549 F Al2 Ekife
Jesh S HEF FX R EEARE X F,
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Exopolysaccharides secretion of Limosilactobacillus fermentum 2-1
based on AI-2 activity

ZHANG Jing, GU Yue’, TIAN Jianjun, HE Yinfeng

College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot 010018,
Inner Mongolia, China

Abstract: [Background] The LuxS/autoinducer-2 (AI-2) quorum sensing system regulates
bacterial adaptation to environmental changes by secreting signal molecules. Exopolysaccharides
(EPS) play a crucial role in protecting cells from external environmental stress and damage.
However, the relationship between the LuxS/AI-2 system and EPS production remains unclear.
[Objective] To investigate the relationship between AI-2 activity and EPS production in
Limosilactobacillus fermentum 2-1 cultured under different conditions. [Methods] The
phenol-sulfuric acid method and Vibrio harveyi BB170 bioluminescence assay were employed
to determine the EPS yield and AI-2 activity, respectively, of L. fermentum 2-1 cultured under
different conditions. [Results] The cell growth of L. fermentum 2-1 was the fastest during the
early stages of culture, after which the cell density gradually stabilized. The AI-2 activity
peaked at the time point of 7 h and then decreased. The EPS production presented a trend of first
rising and then declining, reaching the peak of (204.30+15.98) mg/L at the time point of 16 h,
which was significantly higher than that at other time points. Both elevated (44 °C) and declined
(23 °C, 30 °C) temperatures inhibited the cell density, AI-2 activity, and EPS production. Acidic
conditions favored AI-2 secretion but inhibited cell growth and EPS production. AI-2 activity
and EPS production were positively correlated with inoculum size within the range of 1%—3%.
Changes of the carbon source altered the cell density, AI-2 activity, and EPS production.
Addition of exogenous AI-2 at a final concentration of 100 pumol/L promoted EPS production in
L. fermentum 2-1 (P<0.05). [Conclusion] Under certain conditions, there is a positive correlation
between Al-2 activity and EPS production in L. fermentum 2-1.

Keywords: quorum sensing; signal molecule AI-2; Limosilactobacillus fermentum 2-1;
exopolysaccharide

FLER 4 (lactic acid bacteria, LAB)f&—2K#t
ZIRBHPEATE, FEER Y IR, K
FLIR A BEA% p B 5 IR BT A s T A
e RE I 15 R AR TT e/ 5 Hol
TR PR A RN L LR ML A 2
(exopolysaccharide, EPS)j&—FlR A5, &
FLRR A A ), EPS A Ry ZLER A Y 2
TR =9, B AU T A 35 S R T

T ELE & 4% 25 AR G 0 A= B 15 Dh a1y, Hipk
HA WA . B RFR KM sy ) & 2 Re
ZAb, B A PR AR i iE
TR V- R 56 i 1 55 22 ol A B U121
PRI (quorum sensing, QS)J2: 4 T 41
) 5 PR PR b s PR B R A U R A A B
U B —FhHLE, 2@ S WS 5 1ok 5
W, Hp 55 0T A FY-2 (autoinducer-2,
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AlR2) e T2 Mo, BRI %R
B, 20 B ) 2 R0 AR BRE Bl DLz 2GS0 T
AL-2 WyRTE, kiR R L T AR P I
RERB PN Horb, LuxS/ATL2 B4
NRGE RIS LAB AW = L Ay T
EPS K2y i AE Wb A ML 50%-90%!"™
TEIRFE QS RGN FLIR TE A= W BEE s A4 A
P EM, QS RG4S EPS Z[Hnl Rt FAE—
JE [ CHK  FLIR A EPS J2FLIR A~z —,
FRA IR AT DA 7™ i A Pk e A Ak e ) 55
BTN TES T, SE RGP . 25
Yoz 1 S DI Re R N H T B 25Tl (HE,

EPS Wit JF AR, &2 BIRMRAIE | IR
T WHARRESER R, QS RS E M 4N
it 1) 52 37 A — LA, ki T A 22 R A B BE
FRHEA —E ) EER . LuxS/AL-2 QS R41]
DAV F D R A O ARS8 W A B2, 1 EPS AEfR
UL AP IR RN . i E S A R &
KEEMEAP, (H B Z BB REHHFT
E— L RAMEGE . ASBEIE VLK B W AL AT TR
(Limosilactobacillus fermentum) 2-1 A58 X142,
AR IR 550 SR 540 AL-2 iG PR AT EPS
PR, FEANEIS NG S A2, SR
X EPS s, DU IR A QS R4
5 7L oA AR BT BE A ML B9 SR

i R

1.1 Hm

PS4 F AL-2 il EPS H K TEZH R FLAT B
(Limosilactobacillus fermentum) 2-1, N5 5 4&
M R S B 5 TR 2R B i AR AR AT BA
St a4E IR (Vibrio harveyi) BB170, 3 [
1 B 5% W) 4E 17 /% (American Type Culture
Collection, ATCC),

1.2 EHFRE

MRS ¥ A8 72565 B SCwk[25 ], A 3h
17554 ¥ 2 (autoinducer bioassay, AB)H;FE 4k
Z: BRSCHR[26 0 ] o i 4 15 7% B 00 i) 35 o
[ = o ali
1.3 FERF NS

FUBERURERE , R (R E) f 0 A R A
Al CRFUMERIR BRI 24 4R bR A B
NFl BTSN URE.OHL, LI R
AN RA ] B KFES, TOMY A+ ;
A AL R FR R R R I XU T R4, Bl —E R
ERABRAF R, Bl hig)
HBRAF]; FEFRIL, PerkinElmer 23 F] .

14 FEEFELRKRE

W 2 TR FLFT B 2-1 LA 2% 35 Rh B b T
KU MRS Wik g6, 37 °CA&44F T H#
BEFE 24 W IS0, B AR KB R RS
WIRA, Ol ERSR:H N 41, F 1.5 mL
HAEEHIRA A, T80 CokATkfE, % 1.
1.5 HiXE&RAEH &

PRI TARK 2-1 fRR)E , $5 2% PP 2
28 K BRT i 1) MRS WA 77 3, 37 °CRfr i RE 57
Ak 3 UK PR & BERAE 4 °C. 6 000 r/min
B0 S min, FE4E RIEW, A O ACK TR )
A RERK R, RBREEFRENE W, R DR
39K, 4% ODsos {4 1.0 2247, il R H
1.6 AREIMEEZRTES 57T AlL-2 F1EPS
XAZRIRR
1.6.1 ARIFEEZRET EPS ~FEHFMN

TERFZE R MRS B Fa 36 | 43Rl & iz
FHRCELIFEA 2-1, AFERBEERZWE 1 s,
KRB -GLBRIEI E EPS &, ALz
1 MRS i 3# 2 000E , —# 220 Eh EPS (1)

PR,
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F=1 ZWHRTRIFERER
Table 1

Environmental factors involved in the experiment

Xl % Factor

Z4 Parameter

REFEH}HA] Culture time (h)
REFEIRE Culture temperature (°C)
pH {H pH value

A& Inoculum size (%)

B Carbon source

23,30, 37, 44

1,2,3,4

0,4,7,10,13,16, 19, 22, 25
4.5,55,6.5,7.5,8.5

AR . AR, B Glucose, lactose, galactose, saccharose

MM REC: miks 3 RiEE, BA
P T 8 000 r/min 5.0 5 min KBREE, M L
THWPE TN 80% =S LFR(ZIRIE N 4%), 4 °C
HE 24 h )5 10 000 r/min 2.0 20 min fEE
5, AR EIE RO 3 AEARFR 95%4 2B,
4 °CULTEZLWE 24 h J5 10 000 r/min &[> 20 min
WCAETTVE , KU TR atik, T
AEIGT R BT, B 6 hiK 1k, &
24 h, RPFSHHZHE,

R PRI 2R A 2 . YA AR T
P E H S AR 10 mg A TR,
SRIG AT G ZE K, R 100 pg/mL 1)
AR, B 6 MR, ABImA 0, 0.1,
0.3, 0.5, 0.7. 0.9 mL [WH#EMARER, SRIEHN
AZEKE 1.0 mL, B34 1.0 mL 6%4
VARSI IE A 5.0 mL ¥R, 1R TRy
30 min JE ODugofH, DAREZIHHBR A IR ) I i
WePE MG ARAR, DL ODaoo [H MNAEHR, thilAnifE
IS

SR A 3 -t TR 12 52 FLIRR 1 EPS 7 i, R
HZHE 1.0 mL, 43lnA 6% A 8% 1.0 mL
MGl 5.0 mL #225), FEACE 30 min,
ODuoo {H., #F ODago fE A AFR T il 28 v B AT 75
EPS ¢,

1.6.2 ARIMEEZXZLERE Al-2 SR
A

K V. harveyi BB170 A= ¥ & K Ik xof

KRR 2-1 M55 01 AL2 G T

K, 455G FLERTE EPS (94 WL, gLk
EPS 74 5 AL-2 {E kB AE 1

JC 4l M K 1% I 3% W (cell-free fermentation
supernatant, CFS) Al 4%+ B J6 45 15 I 71 o 455 5%
W . V. harveyi BB170 15354 . AB 3G 5LH
MRS § 53T 4 °C. 8 000 r/min &[> 5 min;
SR 0.22 pm BY/K RIS 51T
UE L ANTAS B IAE S o BEE XS B B X R
AT IR S S JCTE CFS X BEAE DR A7
1E-80 °C,

550 AL2 {EHEMIE : ¥ V. harveyi
BB170 4% 2% %Rt 4 570 T AB KigRdE, 30 °C.
100 r/min #z¥#55% 3 L2 ODgoo H 0.9-1.1 Z
B, F AB K:3R3E4% 1:5 000 # B V. harveyi
BB170 . FrRFIIAE S, . PHVEXTRE . PR
HECRIA B0t BT 3 S B IS 19 V. harveyi BB170
PR LA 1:100 #EATIR A, 4822 30 °C. 100 r/min
P 5%, 1€ 0-6 h N, P 30 min HX 200 pL
TR A WO DGR B . 78 B X B2t
JEE AR 35 3] B IR 5P X 5 A o ) 2 1 5 B R A 7
W, FH () PR AR X 2 i B A DA

RIG50F A2 1936 .
Tr I RE il AR ¢ Ol 56 J3E = U R i PR 21
iR JBE L/ JoOxk B B 2 Sl 2 (1)

1.7 AELEREIMNEES 5T Al2 XXk
R RELATE 2-1 BIREE . A2 &M
#1 EPS FFE /I

Sy BTSSRI BE OANIRAS 540 T AL2 &
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KRG MRS ¥k rh, (5 FR B 5550+
AT-2 B2 FE 43 )ik % 0.50.,100, 150 pmol/L,
37 °CEFEWIME, 167 h Fl 16 h IFAE & B
ODsos fH; 7E 7 h BN E R MRIE S50+ AL-2 i
PE; 7E 16 h Bl E EPS & &t
1.8 HIEZIT O

AR ELE 3 Ik, LIEdEH SPSS 26
B EA T AL B M 25 50T, P<0.05 Fon
EHBE,

2 HZR5M

21 AEEFMETABEMEIITE
2-1 Z{EE5 49 F AI-2 & EPS IS (L i
2.1.1 A EEFEE T A BMEZATE 2-1
SE5F A2 SEMHT L

TEAS [7) 35 5 W 0] 0 5 % BRI AL AT A 2-1
F PR AR S 54 1 AL2 36, 53R anE 1
FioR o TESEFRWIN], AR 2-1 M4
oA Kol R b, BE A B SRR A AE K, B AR
W TROE . REERWELTE 2-1 15
ST A2 G R SE E TR FREAEE T h

35+ _?_ 12.2

30 [ //
25r

s 120

i 11.8

2 CJAI-2 activity 41.6 o
:g ——Cell density 1.4 S
g 20 12 2
(\Il | 1.0 &
2 15 %

063

b b b T
10.8
10+ . 10.
st ; ’—x—‘ d . 10.4
[S 10.2
0 .L | |—1_||"7 0.0
0 4 ’

7 10 13 16 19 22 25
Time (h)

1 FEEFAERE A ZE AL2 F %0
XE  ARNGFRERERREREE. FE,
Figure 1 Relationship between cell density and
Al-2 activity at different culture times. Different
lowercase letters indicate significant differences.
The same below.

B BRI, SAF 33.9440.57, e T H b
Br R[] (P<0.05), MRS B A Ak S R e e
Bt e AL-2 15VE TR

2.1.2 HERERERZGT]

DL AR 2 HUR B (mg/L) A Ak R, DL ODago {H.
Y\ AE bR T R AR AR R DL 2, L)k
PEJSFE R . y=0.002 7x+0.108 4, R*=0.999 1,
2.1.3 A EEFEE T 2BERGAFE 2-1
EPS FERT

ARl SR A R BRI FLAT R 2-1 1Y
EPS A b 45 AR 3 s, BEE R AR A

0401 3=0.002 7x+0.108 4
035+ R=0.999 1

030r
0.25r
% 0.20 -
0.15r
0.10%
0.05r
0.00

490

0 10 20 30 40 50 60 70 80 90 100
Glucose concentration (mg/L)
E2 BEERERZ

Figure 2 Standard curve of glucose.

2501 CJEPS —= Cell density 129
L b _1:/;/!—! 12,0
200 = _

c —§— 18 _
—I 11.6 Q&‘%
21501 d 14 3
) N
£ c ¢ ¢ 11.2 2
@ 100l 11.0 2
£ 1004 10.8 3
10.6 5
50 {04 ©

10.2

0 0.0

4 7 10 13 16 19 22 25
Time (h)

B3 AFRIEFEEREEZEZM EPS FEHX R
Figure 3 The relationship between cell density and
EPS production at different culture times.
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K, REFBFLITE 2-1 9 EPS P S 4e i fin
SR, I HAER SR E Y 16 h i) EPS
PR A F(204.30415.98) mg/L, 3% & T H Al 8
FrIF A (P<0.05). 454G K1 & 3 Al %, KBEED
WALATE 2-1 55501 AL-2 G 1PER EPS 77 it
7E0-7h ti’aﬁﬁaﬂﬂﬁﬁiiﬂﬁ% ThzZJ5
A2 WG VEZR T N M, LT EPS Frim AR 5 E Tt
k0

*2 TEBEFRENEABHEITE -1 BFER

22 BEFEENEZBEFRIATE 2-1 7~
BT AI-2 X EPS WIS
22,1 EFEBEENEAEFMEATFE 2-1 &~
=E0F Al-2 IS
XA R BERR LA 2-1 M EA
FREAE 5001 A2 TR T E , 455N 2
M 3 PR, R 2 i, UUIRFRIRIE 37 °CH
STHEZH, B4 h. 13-16 h 4, LEERECALAT

e

Table 2 Effect of different culture temperature on cell density of Limosilactobacillus fermentum 2-1 (X £SD,

37 °C (control)

44 °C

n=3)
Time (h) 23 °C 30 °C
0 0.395+0.011a 0.396+0.004a
4 0.421%0.008d 0.519+0.017c¢
7 0.463%0.008c 0.965+0.035b
10 0.589+0.006¢ 1.420+0.081b
13 0.915+0.016d 1.740+0.036¢
16 1.120+0.020c 1.783+0.037b
19 1.284+0.024c¢ 1.758+0.040b
22 1.541+0.018¢c 1.737+0.027b
25 1.610+0.030b 1.717+0.055b

0.390+0.009a
1.126+0.022b
1.789+0.059a
1.818+0.040a
1.83240.046b
1.833+0.050b
1.9274+0.065a
1.994+0.055a
1.883+0.136a

0.392+0.007a
1.2754+0.046a
1.837+0.069a
1.767+0.046a
1.9274+0.058a
1.942+0.061a
1.990+0.067a
1.975+0.047a
1.951+0.058a

[ — A7 AR/ ING TR R R 25 57 . (P<0.05). T IFl.

Different lowercase letters on the same line indicate significant differences (P<0.05). The same below.

#x3 AREFEENABHRILFAER2-1 ~ESHF A2 M0

Table 3 Effect of different culture temperature on AI-2 production of Limosilactobacillus fermentum 2-1

37 °C (control)

44 °C

(X +SD, n=3)
Time (h) 23°C 30 °C
0 0.956+0.076¢ 1.332+0.138b
4 1.746+0.141c 2.017+0.149¢
7 2.392+0.025d 3.536+0.430¢
10 3.188+0.158d 8.740+0.329¢
13 3.724+0.179d 14.078+0.570b
16 4.514+0.193d 16.834+0.483b
19 5.138+0.440¢ 14.293+0.500a
22 10.669+0.481¢ 13.691+0.58 1a
25 7.337+0.058b 8.414+0.914ab

1.879+0.125a
3.304+0.159b
39.415+0.488a
24.105+0.800a
27.519+1.127a
18.989+0.656a
6.188+0.133b
12.514+0.545b
8.541+0.572a

1.508+0.104b
6.679+0.168a
27.563+0.373b
15.65240.469b
11.481+0.110c
8.193+0.301c¢
5.083+0.126¢
3.702+0.426d
2.216+0.177¢
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2-1 7 44 °CH R SXT R T B 22 5%, 78
23 °CY 30 °CH&MF T, KEEFNRFLIFE 2-1 4K
REFECOENS , JTHAE 23 CRYRMRA: K2 Bt
R, LA R T R A A R

H# 3 Al Bk 4 h4bh, 0-16 h B53ET[HE]
N, XS 540 F AL-2 16 P T AR 8 41 .
23 °CHiFRmT, REERTR AT 2-1 B 45 B [l
SO ALL2 WE MR B R R4 (P<0.05),
UL a5 S P RE R B SR IR B A, W TR AR A
KACWE, (55 0F AL-2 94 F BRI 23] T
S, TE 30 CCRYIEFRAMT, BR19h A 22 h
G BT AL IGPEAKT X IR . 8 44 °C
BEFRAMET, 4 hBHE S0+ AL2 &M T4
WRH, HAHHEIMEF X a2, mTAE R iR
FRFRREAR T EEAERK . R EES ST
AL2 B h . S563 2 FIEk 3 A3, MXT
Heil AR KR 37 °C, W R sk T A X T
RA K K AT-2 T v R
222 EFRENLZBMEITE 2-1 &~
EPS H92 M

AN 15 S5 1 6 R I R VR LT 1A 2-1 1) EPS
ERC AN E 4 PR, B IRA R ER , &%
PRI EPS 7= 5 354G AN [l R 388 hn sl 1>
{HARAR F Xt BR L i ™= EPS, Ui B IR 254 Al e i
SRAFER A & e Zh W FLAT T 2-1 EPS 977 A=
56 DL BSR4 °C) s AR (23 °C .
30 °C)#PE N K TR FLAT 1 2-1 B A K AR i
B —E R R, S LR K23 °C), itk
ZEIMIHEIEREA S, [F50F A2 BiETE
1 EPS Prar iz B, A BIEA G,
2.3 1EFFE pH EX A BERIGZLTE 2-1
EESSF AL-2 & EPS B2 0H
23.1 EFE pH EXLXEMEIATEH 2-1
FIES 9T Al-2 B9&0

AN pH (B & BRI R 2-1 PR R %

250 23 °C 72 30 °C 137 °C @ 44 °C

da

200

Time (h)

Bl 4 TEHEFRENZEFHRIAATE 2-1 /7 EPS
HIFZ I

Figure 4 Effect of different culture temperatures
on EPS production of Limosilactobacillus fermentum
2-1.

JERUE S0 AL-2 {G P2 Mg RNk 4 Mk s
fis. 26 4 Al 1, 76 0-25 h (8 3R A vt
HEZH ) T A% B2 1 W 25 1 T LA 20 (P<0.05), TiE
HH % T Bh R FLAT 1 2-1 781 pH (B 251 R A KA
Wi, 1E pHAH 4.5, 5.5 I&MT, HAEK
BONZENS , TR 34 2T HR 4 (P<0.05),
I H. pH {E MR P& A% B ), SRRt 5 i 25
I & B LT 1 2-1 A . BERRAE pH E
7.5 BEEFRAE RIS, 0-16 h BRI
fIRT XA, (R T A S, 19-25 h BF B A
RSN AT B 225, ATRRE R AR AL
FEB 2-1 764 K R v FI TR P o AR R 2
PEMTERAR T 15373 0 pH {H, i3 pH {E 2 #1E
BRI R . K5 pH (0 8.5 B, Bk
JE—EARF XS AL, Ui SRS pH (H 6.5 (1
BIRRRE RO, BRI AR S, AR E
JT 5 B B TR

H 3R 5 AT, KRR FLAT T 2-1 76 pH {H
4S5 F5S MEERSAMT, [H501 A2 (1
T g T T R L A A 4, DL AE R
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x4 A[F pH EXNLBEFGIATE 2-1 HFZEENRNE

Table 4 Effect of different pH value of medium on cell density of Limosilactobacillus fermentum 2-1

(X£SD, n=3)
Time (h) 4.5 5.5 6.5 (control) 7.5 8.5
0 0.279+0.004¢ 0.348+0.008d 0.847+0.008a 0.642+0.022b 0.537+0.026¢
4 0.376+0.003¢ 0.830+0.010d 1.515+0.021a 1.308+0.027b 1.060+0.021¢
7 0.854+0.020e 1.448+0.068d 2.130+0.019a 1.977+0.058b 1.799+0.045¢
10 1.301+0.016d 1.738+0.035¢ 2.094+0.061a 1.938+0.033b 1.895+0.046b
13 1.413+0.024d 1.791+0.037¢ 2.101+0.038a 1.954+0.049b 1.870+0.053¢
16 1.569+0.021e 1.767+0.053d 2.11940.049a 2.024+0.034b 1.896+0.040c¢
19 1.648+0.024d 1.759+0.035¢ 2.114+0.009a 2.068+0.050a 1.978+0.044b
22 1.663+0.026d 1.816+0.030¢ 2.139+0.045a 2.092+0.037ab 2.059+0.045b
25 1.672+0.028d 1.951+0.040c 2.176+0.022a 2.108+0.038ab 2.073+0.042b

&5 AFE pHENAZBMAATE 2-1 ~ES9F Al-2 B2

Table 5 Effect of different pH value of medium on AI-2 production of Limosilactobacillus fermentum 2-1
(X+£SD, n=3)

Time (h) 4.5 5.5

6.5 (control) 7.5 8.5

0 1.151+£0.097a 1.059+0.070ab 1.033+0.130ab 0.829+0.133b 0.833+0.125b

4 1.151+0.240b 1.245+0.110b 1.656+0.179a 1.424+0.213ab 1.145+0.154b

7 7.525+0.423d 16.888+0.664b 29.311£1.739a 10.039+0.629¢ 8.145+0.545¢cd
10 37.641+£2.115a 22.22540.868b 20.762+1.126¢ 16.922+1.203d 9.468+0.183¢
13 25.130+1.056a 22.477+2.428a 17.391+0.695b 16.927+1.179 11.591+0.611c
16 21.324+1.428b 29.609+0.379a 12.278+0.749¢ 9.497+0.111d 6.661+0.428¢
19 11.619+0.380b 14.402+1.036a 13.470+1.011a 7.468+0.337¢ 4.532+0.081d
22 6.504+0.196b 9.066+0.552a 7.364+0.601b 3.995+0.197¢ 4.457+0.514c
25 3.943+0.278¢ 6.086+0.083b 7.351+0.800a 5.600+0.368b 2.941+0.397d

PSR T S Z (55 01 AL-2 RHLH
ARG, WRTESE R pH (20 4.5 BF, I
AL-2 JEPEAE 10 h B3R Bl R, Wi 5R 5 pH (H
5.5 B, H AL-2 WEMETE 16 h ik fckAE, i
Y R W aE AT S R BRI 2-1 7
S A2 (IEEIRRT . 256 KRR RFLA
2-1 MAE RS BL AT A3 50, FEARAE pH (EH 4.5 FI
5.5 MEEFRAMET R, HARAMUESZ 3R
m, (HEES0 T AL-2 IS EAE R 5E , i
RS AT, RWESHRERE S0
T AL-2 WM, B3R5 pH A 7.5 1 8.5
i, 78 0-25 h A BRPE S0+ AL2 &Pk

PMCTF X B, &5 03 WA 4% R 2 1 ol o Ak
PIER AR, I RS0+ A2 TGkt &2
M
23.2 EFE pH EXLXEMAAFTE 2-1
7Z EPS HIS2Ma

XPAN[A] pH B T & PR FLAT 147 2-1 7Y EPS
PR TN , AR 5 s, BEE B IR
[P RE, 4520 EPS 7 5 i Se 38 hn s /b
R B 7= e et i, U B R M SR R e
SAFERIIE T B RE EPS 1974

BEE R TR FLAT 1 2-1 76 A W] pH {H &1
THAEK (5501 AL-2 &M & EPS P iy 7s
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250 pH 4.5
a pHS5.5
a [ 1pH®6.5
3 EEPpHTS
pH 8.5

=
SHT
=
fou
N
-G

EPS (mg/L)

7 10 13 16
Time (h)

5 AEEFE pH EXN LEFIRAIE 2-1 7~
EPS HIFZ T

Figure 5 Effect of different pH value of medium
on EPS production of Limosilactobacillus fermentum
2-1.

FERTAL, pH H(4.5. 5.5)FAIK, BkAYAK & EPS
FEAE S Z BN, AR ST AL2 T TS F 3
9. pHE(7.5. 8.5) &, WHkMARK . [F554
T AL2 W&V EPS PR a2 BH], AL2 3
PEFN EPS j7 & L 5 TEAH G .
24 EMENLZEBEFRINE2-17ES
SF AI-2 X EPS B9S2
24.1 EMENEZEBFRATAE 2-1 ~ES
BF AI-2 BIE20m

FEA R FEFP S AR IR A 2R MRS $5 55

Ferp, AR ELERANE 6 B, DIEREN
2% M XFHRZH , 7E 0—16 h B =If RN, fEfia N
1% (R B A2 BEAIR T X BRAL, #F 19-25 h 5%
WA TR 225, FIReSE iR TR 0y Vil
AR B AR AR TR 2, {HL B s ] A S 4
PR R W 1 I 218 T, AR 3%, 4%
i, 0-25 h #5577 i R v B R % 5 X B AL
WA 22 5 o B Fh B AR R/ INEE R 1 TR R 1Y A R
g, BEREME R E 225 1 YRR
R TR PR 14 TR AR R S e A S 2

AN R T G 5001 AL-2 B2 I 45 2R 0
%7, LEREIRIE]N 7 h i, 4 SR RHERR A &
W55 7 A2 WY sRI& K, JFHAE
1%-3% MR RO N, SR, F50+
AL-2 TP, 3% 2k B 35.359+2.086,
PR ARG K, (550 AL-2 {6 PEREAR. 7]
RESEH TR EMIG R, SEIERENERY
AR DA R IE R A, s 75550
T AL-2 (77 R RN 1%B, {5550 T AL-2
TEPER T HA L, 7T REZ T IR AR,
WK SIS, RBUFS 0T AL2 IGPHEEIR,
242 EMEXARERIGIAITE 2-1 ~~EPSHY
20

AR EXT EPS FE g manE 6
N, BIEEFETEETE 1%-3%0, BEPS = imffi{%

*®6 TEZEMENABMEIITE -1 EFEENZMRE

Table 6 Effect of different inoculum size on cell density of Limosilactobacillus fermentum 2-1 (X +SD, n=3)

3%

4%

Time (h) 1% 2% (control)
0 0.393+0.026b 0.424+0.011ab
4 0.823+0.015¢ 1.009+0.028b
7 1.658+0.031b 1.72140.033a
10 1.854+0.028b 1.859+0.027a
13 1.802+0.036b 1.817+0.045a
16 1.856+0.064b 1.892+0.039a
19 1.956+0.047a 1.994+0.066a
22 2.029+0.045a 2.028+0.062a
25 2.003+0.048a 2.000+0.046a

0.438+0.014a
1.005+0.029b
1.678+0.033a
1.830+0.032a
1.827+0.026a
1.910+0.065a
1.992+0.045a
1.995+0.043a
1.997+0.058a

0.454+0.004a
1.188+0.036a
1.798+0.040a
1.839+0.015a
1.836+0.046a
1.939+0.047a
1.986+0.062a
1.972+0.044a
2.003+0.061a
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Table 7 Effect of different inoculum size on AI-2 production of Limosilactobacillus fermentum 2-1 (X +SD,
n=3)

Time (h) 1% 2% (control) 3% 4%

0 1.172+0.107b 1.742+0.014a 1.711+£0.186a 1.617+0.040a

4 2.859+0.415¢ 6.320+0.297b 9.164+0.514a 9.313+£0.382a

7 27.601£2.183b 28.539+1.918b 35.359+2.086a 32.867+0.135a
10 27.062+1.482b 25.406+2.704bc 33.718+1.173a 22.586+0.893c¢
13 21.273+1.879ab 23.289+1.127a 22.086+0.559ab 19.797+0.399b
16 19.781+0.387b 21.609+1.442ab 23.476+1.130a 19.672+1.485b
19 15.320+0.750b 15.773+£0.901b 18.031+0.663a 13.312+0.446¢
22 11.094+0.459bc 13.406+1.402a 12.594+0.413ab 10.305+0.693c¢
25 6.594+0.427b 8.039+0.624a 8.586+0.659a 7.812+0.236a

250 PEREAR, #EMmPEl T EPS 19574

2.5 WRiEX &ZBEMAATE 2-1 ~ES
5F AI-2 X EPS HISZ0E

251 HREXMABHEIAAE 2-1 ZES
PF AI-2 K952

DA 3% 5 v Bl U6 Ay 4 2 B g o R, ik
DR FLBE . EFLNE . BEREIRIR A, ik 8 Al
L, MR R ARE EY R ES TSR
(P<0.05).

ANl & IR LA B 2-1 (550 1
AL-2 TSR 9 i, XHERALE 501
AL-2 JEPE R 25 T 450 4, 78 7 h B,
B85 IR IR I R 2 LB RN AL Ah, HoAy 2 4
G501 A2 [ R R, I HXF A (E
2 R T H AL (P<0.05), BRIE N EREZHAE 10 h

200

(Ll

B 6 ARHZEMEXXEFRIITE 2-1 = EPS
HIZ i

Figure 6 Effect of different inoculum size on EPS
production of Limosilactobacillus fermentum 2-1.

Pl AU BE KM 2, MM Eh 3%8) EPS
B A AN(P<0.05), FFHAE 16 h Bf AR K
{8(226.54+5.19) mg/L. 44k SL38 R (4%)
i, EPS WIF=8di/h. 454 LA B85 RS H, 1
— BRI REEEN(1%-3%), {5501 A2 %
PE5 EPS j7 i A LA R TIIE K, IE
MR, HEMES 16 G KR T
Pk EPS j7 A2 X —AE HR I RE ; RrEl A% Al it (4%)
BF, BEFREE A IR B SR B 5 o 1T

BHE5 00 F AL2 MR BR R, HiE s EA Ik
TP HRZH o 45 5 3R I Al YR AN 7] 2 52 i) 4 I 266 T
AAFE 2-1 5551 A2 &M, FF HixiEA
I, K RN FLFT R 2-1 15570 AL-2
IERES e =
252 flEXT & EEFLEELATE 2-1 7 EPS 1Y
Al

M 7 AT, A RE SRR R, R RS
WFLAFIR 2-1 09 EPS J7aE 58 BT E T RS,
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®8 AREBFRN ZBEHMAIITE 2-1 EFEEHNI

Table 8 Effect of different carbon sources on cell density of Limosilactobacillus fermentum 2-1 (X +SD, n=3)

Galactose

Saccharose

0.389+0.003a
0.701+0.013¢
1.44140.029c¢
1.792+0.014b
1.711+0.051b
1.694+0.059b
1.719+0.051b
1.82240.054b

Time (h) Glucose (control) Lactose
0 0.393+0.002a
4 0.994+0.047a
7 1.698+0.035a

10 1.850+0.022a

13 1.818+0.037a

16 1.853+£0.045a

19 1.939+0.048a

22 1.981+0.052a

25 1.995+0.034a

1.880+0.032b

0.401+0.009a
0.768+0.031b
1.150+0.048d
1.393+0.029d
1.528+0.041d
1.578+0.056¢
1.509+0.080c
1.549+0.052¢c
1.543+0.050d

0.386+0.011a
0.659+0.021¢
1.563+0.063b
1.633+0.024c
1.622+0.028¢c
1.701+0.036b
1.765+0.033b
1.783+0.058b
1.792+0.031c

R9 TRREXLZBEMEITE 21 ~ES
Table 9 Effect of different carbon sources on AI-2 production of Limosilactobacillus fermentum 2-1

F AI-2 8950

Galactose

Saccharose

1.240+0.146ab
1.931+0.175b
9.371+0.714¢
7.537+0.333¢
7.372+0.909¢
3.937+0.148¢
4.406+0.112b
2.446+0.109b
1.211+0.035b

0.986+0.071bc
1.206+0.117¢c
2.103+0.104d
1.753+0.315d
3.4114+0.055d
2.986+0.493¢
1.9114+0.299¢
1.753+0.315¢
0.863+0.036¢

0.762+0.105¢
1.137+0.088c¢
14.440+1.206b
24.393+0.728a
14.119+0.350a
11.274+0.518a
7.976+0.250a
4.804+0.125a
2.119+0.143a

X HRZH ) EPS j™ & ik 3 i T 4% 1 3 4 (P<0.05),

(X£SD, n=3)
Time (h) Glucose (control) Lactose
0 1.378+0.245a
4 2.378+0.212a
7 31.022+1.689a
10 12.074+0.491b
13 10.318+0.819b
16 7.770£0.691b
19 4.371+0.354b
22 2.867+0.389b
25 1.318+0.100b
250 Glucose Lactose
[ Galactose
200 a
> LR T @:ﬁsé a

B 7 REBESEERLITE 2-1 7 EPS f
S

Figure 7 Effect of different carbon sources on EPS
production of Limosilactobacillus fermentum 2-1.

I HAE 16 h ik 3 i =5 {H(192.09+4.83) mg/L, fifi
JG 44 EPS 2Rk 454G DL B4R AT,
FEARF R EEFNRFLFFE 2-1 B KIS,
PR IE B A B Z B, 55 0T Al-2
TEPEGEE, EPS M= md, AR
2.6 NRIESHT A2 MLEFBIA
& 2-1 82
2.6.1 MNEESSFAR2GEKERZEN
Al

J it — AR T T AL-2 3PS EPS 2
AEZIEMRR, FAMEE S5 A2 255
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FRHEEHOT MRS TR IR o PSS T [R) v EE A
A5 550+ A2 R BERNIRFLFF I 2-1 723555
FEIA 7 h A1 16 h B REARSE BE A T . F Rl 8
AL, AMEAS 545 F AL2 IR M BEH 0.
50 1100 umol/L B}, 7E 7h Il 16 h, K IEHIK
FLAF T 2-1 %) ODsos JC i 5 25 5, U A MV FE R
M55 7 AL-2 RHZ B bR A AR KT 255
M2 Ky 150 pmol/L BF, 7E 7h #1 16 h, k¥
B FLAT A 2-1 1Y ODsos fi 25 F5AI(P<0.05), &
Y A S T R ) T A % B 52 3 ) S Ao . X AT g
JER 150 umol/L W55+ AL-2 B R {41
B, PR TR AR A AR, AR T A%
T RGN
2,62 SNBRIESHT AL2 XHEZRT AL2 5E
P4 B 52 M

H L9 1550, MAMEAE S0 AL-2 ZaR)E
A 50 pmol/L 1 100 pmol/L B, K & AL-2 151k
BE R/ T ARBIINELE 5707 Al-2 4(P<0.05),
I H LM E N 100 pmol/L 4114 Z H iy AL-2 T 1
iK% 48.39+1.72, 2 & T H AL (P<0.05), 4k
gRiE R AT E 150 umol/L, JLEFA R Py

im{

N
P2

e

30 pmol/L 50 umol/L
22r 3100 pmol/L 150 pmol/L
2.0¢ g &b g
1.8F 4@ ab a /
216t |

> 12t
210t
S 0.8t
3061
0.4+
02}
0.0

Time (h)

8 ARIKENEESHTFAI-2X7hF16h

B 2 B B R
Figure 8 Effect of different concentrations of

exogenous Al-2 on cell density at 7 h and 16 h.

AL-2 TEVEREAR, SARBIMINEG S5 FALE
EHES,
2.6.3 SMNRIES DT AI-2 ST &k EPS 28
A

HE 10 73541, HEFINEGSSF Al-2
ZURBE 0 pmol/L 4, UK FE 50 pmol/L Fil
100 pmol/L X 2 ZH i) EPS 77 i 2 14 /111 (P<0.05),

55
a

50
45
40 b
> 12k 1

0 50 100 150
Exogenous AI-2 concentration (umol/L)

9 AEREINEESSTT AI-23F Th Al-2 7
ed:iAln

Figure 9 Effect of different concentrations of
exogenous Al-2 on AI-2 activity cultured for 7 h.

350
b a
300
250 =
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10 AEIREMNRES
FEEFI

Figure 10 Effect of different concentrations of
exogenous Al-2 on EPS production cultured for 16 h.
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It HAMEE ST AL-2 kK 100 pmol/L
iF, EPS 7t i 3 i T HANZH (P<0.05) . MEAE
S AL-2 LR JE N 150 umol/L B}, EPS j=
MEAR T LU H 50 umol/L F1 100 pmol/L iX
2 41/ EPS 7= & (P<0.05), {B4/5 8.2 & F AR I
SNBSS0 1 AL-2 41(P<0.05), dHE Y1k
AN 521 AL-2 (IS I AT LA = B AR ) EPS
i

GGV SRR, 5550 AL-2 TGP
EPS j7 i 23 [ B 32 BN S MEAS 50 F AL-2 1520
HMNEAS 50T AL-2 Z9R R 100 pmol/L B, &
W RE W FLAT T 2-1 76 7 h 915 540 1 AL-2 3G PR
f£ 16 h 1) EPS 7515 8] T & &2 iF(P<0.05).
3 Wik

AR, KEEFEIAFE 2-1 M55
O3 AL-2 P Bl R SR ] I ORI AR AL, 2%
EHERREGE WoR AL-2 R Bl R 5 B 1] A A8
WHA SN, AR5 R IATE 2-1
() AT-2 35 1 B S ) 225 Ak Fg i At — IR 5 T 3
—45iE . FfR EPS By R R R FIHE R R
s, Al BRI 2B SR AN RE AR S |
IR B A Kok IE, EPS 239l M) S il /2 T bk
B &4 KB 55501 AL-2 #il EPS P i 197254k
H—3, HEHE EIEARE R, XA AR
BT RERAE KSR DA GRS S TR
ARG S, BN EPS iy ABY TR R A kA
e EPS My, AR, & Tl TR
05 I R 2 0 T AR PN AR S N R R A A, R
FIF EPS 1y AP HksREDIF S R, o
o A I P T A S R R P, IRRRAIRL
WA= 9 9 430, 1T EPS S AR,
PV e 2 2 B I . AR pH fHK
AR, BRYE SR A A TE S50 A2 ISR
g, Gu PR BFR R R Y], mRhaiE e T

F5aF A2 &M, waid 7E 50
AL-2 WG 38 B R AT LR S B AR AR K
AR 2y I FURES, B RR 1) 4R Tk 4 22 3]
HeFp i 52, oE— 20t S R B R AR A K
AR . AR BOR, fE—E
RN (1%3%), fHF50F A2 itk
EPS J7 iR IEAHCKR, XAl GeEh T &
B K T BB AR B B 3, ARt %
wWrkom, M AR — AR, BREba
B %) B o % 75 7 0 TS RE T R AR A0 I Y
AR AR, SO LA Y dAR R BT
TR B R B AN AT sl B 5y, R RRAE K
BRI AT B IR RE, MR B R
A k= i, B AR AR PR RS S
AL2 WG 2 2w it — 0 0iE
ST AL-2 A1 EPS PR AEZ RIS R, AMEE D
B9 1 AL-2 STRRIEF TG 37, 5T B iE 24
WfES 01 AL-2 ¥R T LIMESE EPS (1™
AL BRI, AL2 A] DL B AR 40 I i) PR
EaE N AR I Hak B —E B, Rk
AR AR & & AR AR

4 Z

AR T 45 5 28 O i) % T 5L
R 2-1 15540 F AI-2 i P Al EPS 7= & 19481k
FRFR, W JE T FPEARE 2 5 B R Y AL-2
WA EPS jmi; MM AMA R TES ST
AL-2 195300, (AT AR G A KA EPS 77 2 240
il s 24 pH (BT &5 2 551, AL-2 3G P A EPS
FrASZ BN RO, Bk AL-2 1T
F1EPS J i [ 42 B g i A8 5 155 95 Sk U e AR e
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