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AIP) FIRLLH 7 & 45t
(Two component system, TCS),H " TCS i 2 %
fi% £ M 4 B (Histidine protein kinase, HPK) I
M JE T & (Response regulator protein, RR) 41
JEHSALP [ 530 75 % ABC B B M Dh B, A
WITFE W], UShn ATP L4 W n] 5 & 3617 2R T
Grl7 FIR AN %, HAEZEMERA Gr17 BN
W& ABC ¥z 3L (as—48E .as—48F .as—48G .as—
48H) WAL 53 He ] (entPK entR ) | F 175 T Ik B [
(entIP) FVAN TR R G 5 HE D (entGri7) , iX R W Rl N

BRI R G5 5 W AE 41 K enterocin
Gr17 RS T R,

SEPR R B B T 2SR BRI Grl7 2 1 i 22
38 S5 PR A A R 2 15100k e VR B
SELSIE =117 SRS (37 S E R | E“??ﬂj}i_“ﬂ% N &
P ok A 2 AR DR B A RV T RV 0 FL IR 1A 2 R
H PR GA U7 N T 32 BRPE IR B, 5 3 AR 22
R W S N A N 4 SER S i 3 1] SES N
i, R P38 FA XUE RN, — L A W) 28 5k 55 TR Wy
30 4R 25 A IS L PENT X A B AR
E’J%TF‘VEFH Lz AR Al S AR W B S
AU HE R AW S A I, R R A (pH 1.5)
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FHEE, 55 82 W0 (pH 3.5) 4548 b 38 7™ B i 22 8% B
(Candida utilis )SZU 07-01 w42 #3E 2 e H KA 1
HE M

HOHT, A G A IR 0 38 RE 5 1 s 2E 1 Bk e
Grl17 & U R A RE T, BE A5 38 2o 52 e b N = 20
OXREARR R GE LR N e BR T Grl7 15 U
R ARG AN 7] R JBlh 3 5% 10 X BRT PR Grl7 2R
K AR5 AR T R A B2 R, O 8 T A [ 5 0 20
W R B R W8 A5 A S8 38 0 S A A
RGNS A R A6 A KR P R IR OKF
B SEMA TGRS 78 SN EY VRS Y &
PR MOALEE AT 4 7 52 B & e PR 5 v 4 K
AR ARG AT, R KR g
e FLIR TR A 7 TR R N AN (B, B AR
LS S,

1 #REFE
1.1 R 5K
1.1.1 E#E ZEMEKE  (Enterococcus faecalis)
Grl7 T 5256 % 43 25 DR ; 48 75 T . KA 1 (Es-
cherichia coli)1.90, [ %38 34 A= 9 1 O iR
R R
.12 EZAF IR NaOH HCl, oK 48
96 FLARMEIIE FEH SYB Green YLk}, b ifEdE AL 520l
AR E] R R R S (TSB) s 97 5 | JiE R
PR R W2 R A (TSA) 55 57 36 | 1l 1% AR W BB
AR F ;DNA Maker, ZIEHE RNA il 45 Pure
Cell/Bacterla i) & RNA 2 BURXF & .DNasel (G
RNase ) Fll RNase 10 il 71 | 20 50 & X 2 DNA 42
il & (DP302) ,qPCR  Master Mix , SuperReal
PreMix Plus(SYBR £¢€2), 8 B RH 4 (1)
HIRAF,
1.1.3 Fpriiae st 5 R AL Aot
MRS W7 Fe 3k . R IR R 1 R R
B 45 10.0 /L, B BEEE LY A5 0 L £ TR B A5
5.0 /L, Fr iR — % . K,HPO, 45 2.0 g/L, Tween 80
1.0 g/L.,MgS0,-7H,0 0.2 g/L.,MnSO,-H,0 0.05 g/
L,
1.2 UE5EE

UB-7pH it, 5 & DENVER ¢ #% 2\ 7] ; C1000
Touch PCR 1L, A AW RHE (L) AR A A

Bio Spectrum % AR, I UVP 2~ Al ; 2T g
Bl AR, 56 B8 3R R R BHZ 28 7] ;CFX96 Touch
26 E & PCRAY, EEAKR2A F ;BG-Power 300
BRI UKAY, Bt as i s A IRAE] 4
(10 mmx7.8 mmx6 mm), J AR AR R
N TGL-20M G B 0oAL, T 7 W BB T &
A PR F] SPX-150B AL 5246, budl AU
AR LDZX-75KB s R K E S, P&
DUPG A= 9y 4 R A BR 23 7] ;Supra 22K K2 i i i
BURES DAL, Jb 5t PG KB A BR 2 | 5 10 e 4ig
Vi, DIESBIRH A R H]
1.3 KA E
1.3.1  A[RIERME 5500 F 25 Bk A Grl7 (5537
W it A7 7E —80 °CHE AR IR VKA Hh B B A& (1 mL) $2F
FN%EA7 50 mL BT 1555 21 500 mL HEIE B
TER g T LA 180 r/min ¥ 37 CHE % 24 h,

WM IR R 3 L AR R0 R
FEH R R 10% , 82 45 3 BE 2 350 v/min, 3
4 3.0 L/min, T35 £ 5% 5 (300~900 1/
min ) ¥ V5 UK P-4 6 78 30% LA L, {3 FH A A i R
e W pH L, JF H &I 3 mol/L. HCI ¥ W 5
3 mol/L. NaOH ¥ % ¥ pH {H 4 = 4.0,4.5,5.0,
5.5,6.0,6.5, Lk pH 7.0 [ 1E F RA& N XTI 78 37
CHHEFE 28 h, 13 2Bk Grl7 KW,
1.3.2 ] IE [ 845 40 0 R S Y B AR i 3a 2R
A W AN [ R 38 25 A X B RR Gr17 AR K
SZIA 43 B 200 L AN R R ke 2500 T 35 5% 1 3%
Bk Gr17 BRI = 96 FLANMRE TR rh , B
FRASCI 5 HAE % 4 600 nm &b AW GAE

M€ A [R5 BR W38 25 7F F 4l i & enterocin
Gr17 ML . # 1.3.1 TR 2 R 1A Grl7
KA 7 LA 8 000 r/min [ 3 7E 4 °CF &L 20
min, #& B35 W, 2.5 mol/L. NaOH #8715 pH {H
£ 7.0, 91 H 0.22 pm i P8RS T UE L K 80% Wi R B
VAN NS LW W B 4 CCRkAE TPt I LEE , LU
10 000 r/min 4 ‘CE.C> 10 min, WEAETLTEY . VL
TE ) FB VA AR AE 0.02 mol/L 85 iR £5 5 i (pH. 7.0)
i, BIVAS R BR Bl 6 2517 F 41 1 & enterocin Gr17 F
W,

AN (5] % 380 A0 IE 8 4500 T B9 40 18 2 ente-
rocin Grl17 MIEW , S B0 AEZZMN I E T iE—
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BV ORI 7 LN 4 78 T R A R 1.90 7Y R
(AU/mL) , {83 enterocin Grl7 B WhEN . S51F
WA IR LIS enterocin Grl7 RUH fx i
{18 T2 JUih 380 25 8 Ry T I [ 8 428 200 T 2R 5 ) e A TR
38 2 A

1.3.3 AR 8 & T 2R Grl7 WK
KA A R A0 WG 00 33 e i A R 1 38
AN MR Gr17 18 A ) & B i 1) 1 1 A
AR S T R o WIS 0, A 5T IR B 38 %k TR Bk
Grl7 A5 B e 2R AE R K P b iy 52 F2 B

1.3.3.1 AR &4 T I ERIH Gr17 F i
AR ARG AL 4 B 200 WL K [ % s Y

FMHEREE Gr17 KB E 96 FLAN MR F= A,
B4 72 FEAE 600 nm Ak W G AH

1.3.3.2 SRR Mo 040 N 2 ERIE Gr17 4 1A
oW S8 1.3.2 W07k, 2 A A & B
W41 & enterocin Gr17 BIELH, L3 enterocin
Grl7 [ 50 1 il

1.3.4 SR AERR 0 T 240 58 3R A BURH DG PR % sk
EARE FE 1.3.2 WA E R AERR A AR R
H RT—qPCR 5 ARG 7] A& B B & Bk Grl7
3 A A TR R A R 1 S5 K8 B TR (et Grl 7)) s TR R A
A0 OG0 WU 3 R S8 1 FE X (et PK centR ) , 1 715
ZARGWAE ST BB S KIEH (entlP) ;532 H
3K AIP 19 ABC %128 R 4t 3 1 (as —48E as -
48F .as—48G .as—48H ) 1) 2= 57 k1 &l S 2 A I
A, AT 7K V-2 T 8 78 4 B &R enterocin Grl7 £
SR K TR T A R EEAT R

1.3.4.1 ZEMERE Gr17 & RNA U A 4 h B
Fi& 3300 1 IE #2548 (pH 7.0) T #9 & B2, 10 000 1/
min B0 R AL, ] RNAprep 2i 24 £
My ) 5 RNA 2 B0 &, #c Ui D454 E 35
BRI Grl7 tP U RNA, I 6 HA% 7 7 -80 °C
T

1.34.2 2% 5% RNA  ff [ Tiangen FastQuant
cDNA B — A4 A i dl , BARBAE 7 ik 1) Rlfk
RNA 547 ,5xgDNA 22 vh ik FQ-RT 51 ¥R 54 .
10x B RT 22 Wik . vK | JG RNase B9 ddH,0, i
TE 5 7 0 FH A A B R A BRI . 2) K 2 pL 5%
gDNA ZZ i .50 ng &2 RNA F1 K RNase #Y ddH,0
Hl 10 WL IR G WOIT R IR A 85 42 CHEdE

3min, & T UK L, 30K 2 WL 10xPRiE RT 28 mifk
1 o LRT BHE AW ,2 wl FQ-RT 51 ¥iR& Y 5
pL A7 RNase i) ddH,0 FE/0iR G . 4)IRG AP FE 2
FUL B 3 WA AR TR 54,42 CHEE 15 min
JGAE 95 CHFE 3 min, SRJ5 & T UK L LIFKTT cD-
NA,
1.3.43 RT-qPCR 7341 DIZEMERTE Gr17 K
entGrl7 .entlP .entPK .entR .as —48H .as —48G .as —
48F .as —48E Jy kil H b5 ,16s RNA 1Eh N 2 5
, i 3d Primers Blast 3115149, 519 1% 511 W,
% 1, RT—qPCR i FH KARA AR (60 A RA
) Y 44 538 % 5 9¢ )6 SuperReal F£%1 (SYBR Green)
R A1 F (SYBR Green) . it Ifi kK T w4
O EARBAE T RAE .
%1 RT-qPCREI#
Table 1 Primers uesd for RT-qPCR
3| 4 4 AR 314 % 51(5—3)

16s RNA rt-F TGCGGTGCATTAGCTTGTTG

16s RNA rt—-R ATTCCCTACTGCTGCCTCCC

entGrl7 rt—F GGGCTTCTGGTTTGGCAGGTATG

entGrl7 rt—-R GTGAATCCACTAATTGCAGGTTG

entlP rt-F ACTACGAAGGAACCAGGGGATG
entlP rt—-R ATCGCTCGTAAAGGTAGAGGCAC
entPK rt-F CTTTACTGCCTCACTGATTGCTG
entPK rt-R CTGCCCTAGTTCATCTTGTCCAT
entR 1t-F TGCCAATCATTATGGTAACAGCC
entR rt-R TGCATCTTCTGGTTCCCTCGTAG
as—48E rt-F GTTAAACGAAGAAACGCCTGTAT
as—48E rt-R ACACTTTTGAATTTGTTGATGGC
as—48F rt-F CTAGCGATTGCGTTTGTTCTTCC
as—48F rt-R CAAATTGAGTAACCCTATTGTGG
as—48G rt-F TTGTGCGTAACCATAATAAGAGTC
as—48G t—-R TACCCAAAGCAGTTATCAGGAGG
as—48H rt-F GGCATTACAGAAAAGACCAGTCC
as—48H =R GATCGGTATAAGAAGAGCCCTAG

% 2 RT-9PCR RE k%
Table 2 RT-qPCR reaction system

20 AR5 A E /L
2x % k& & PCR itk 10.0
@ 51 4 (10 wmol/L) 0.6
B 5] 4 (10 wmol/L) 0.6
cDNA #%# 1.0

& RNA & ddH,0 7.8
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SEF PCR SO 5% - R MG 253 PCR 2 72
FE R A7 R R, BV 95.0 CAE 1 2 min, 94.0 CH 1 20
5,63.0 Cil k 45 5,40 MG ,60.0 CLEH 5 min.
PL 16s RNA i NS DI R 25 i 58 4 AE
XiF B SR 27880 g B AT A A

2 #ERE5RWH
21 FEEFEEAEZESHNRERDESEG

PR Cr17 EF MR T AEK BRI 1E
5 R PR S5 R A K A2 214 enterocin Grl7 Y41
BRI 5 TR AR B AR R R — B, I 1 R
R4 (pH 5.0,5.5,6.0,6.5) T~ ZEmEkE
Grl7 WA % B 0 3 & T 1E % 4544 (pH 7.0) ;58
PR PR 25 (pH 4.0,4.5) F 25 EK A Gr17 1Y B K
W KT IE R &1, enterocin Grl7 MR TG
M5 TR A 2 B A AR AL E L, 24 pH (Eh 5.5 B,
FEMERB Gr17 W FE A% M enterocin Grl7 B4
[RGB I O = (7 T 1 o~ S €6
150% ; 24 pH {H7E 4.0~5.5 Z [a] B}, 2 BRI Grl7
I B 1R %% B A enterocin Grl7 (14410 B4 36 PEBE pH
B BE T B 24 pH {EAE 5.5~7.0 Z B H}, ente-
rocin Grl17 WG M pH (A3 mm T+ F%, -
WEE R F SR W an ol (2R ER TR Grl7 i AR
WA B enterocin Grl7, 7€ pH 5.5 MR8 5% 14
TR enterocin Gr17 B 15 MmO RCR i o 2%
22 HEBEZFGTEBRIRE G117 BEEK
KBHER

FLe pH 5.5 1959 MR a2 1 5 8 % & T,
FEMBRTA Gr17 B T A 5 i 55 400 D0 P B st i) 1)
AARIE L, AN 2 Fis ,0~4 h B, pH 5.5 Y2
R MR Gr17 (T8 7R % B AR T IE % &4~
8 h B ,pH 5.5 WYRE Wit 5514 T 2& A Bk 1A Grl17 1Y
PR AR % 5 s 2 F IE W A% 5 12~40 h B pH 5.5 1
PR Ml ael 26 ERE Grl7 M 1A % B 3 A% T 15 %
Mk, baRgi SRR, A A R TR mERE
Gr17 78 % 7 35 1 & o A 58, DA PRk B, 7
R 11 55 R ok a0 o S o AR G IXOT RE SR S
FE A BR TR T A HLRR A B2 K i
23 EEBRPEZGTERIRE G7H@ETEZSH
HE R

Fee pH 5.5 R0 5 1E % &40 F , 25k
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Fig.1 Cell density and antibacterial activity of

Enterococcus faecalis Grl7 under different pH conditions
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Fig.2 Growth curve of Enterococcus faecalis Grl7

at pH 5.5 and pH 7.0

T Gr17 B4 T8 1% P B i 1) ) A2 A R 0 . i 3
IR Gr17 ZEMFN 4 TN 8 h FF iR &
A% enterocin Grl17, 43 %I7E 28 h 11 32 h FF1f % it
enterocin Gr17, PARNZ&A T 21 3k 400 B 1% P4 o R 0
{HRORS [ B ASR), 1B 251 T, enterocin Grl7
45 U TE 24 h i BN0E(H . pH 5.5 BYBERIME 554
T ,enterocin Gr17 Y4 Wit 7E 28 h K BIE(H , A
S8 pH 5.5 WIIR M E 2514 K enterocin Gr17 ik fx
KA B f () I [R]A JT B3R | {2 45 I (8] 55 ente-
rocin Grl7 & Bt ¥ W AE 1% &4 T A W 42

o
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Fig.3 Antibacterial activity of Enterococcus faecalis

Grl7 at pH 5.5 and pH 7.0
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40 T 2 i % 2 R (eneGrl7) B9 AH X 26 3K i 28 1k 7
fi) X 1o A K il 2 AT A TR P AE AL 5 ), 4~8 h
i, pH 5.5 BYER B8 4515 15 % & T entGri7

‘EpH 7.0 777 pH 5.5 ‘
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Fig.4 Relative expression of entGri7

entGrl17 FXF 35 5
Relative expression of entGrl7

WAL 53 He K (entPK entR ) FH X 2 35 1 1 A8 1k
5 entIP K — B, AR SAET 12 h I pH 5.5 (1)
R By 38 25 entPK entR 3 PR 14 A1 6 26 35 o A
I T IE# 54T, 1L emlP BT JS 4 b, H.
entPK .entR K& R 7E 25 A~ B 8] s A8 AF X 2% 58 S AR AR
T emIP A

243 HE R ABC ¥z R kK K 8

FE DR R 6 2 K A 3T 5 12~36 h I, pH 5.5 (1R
038 25 F T entGri7 JE R (W AR 2635 7 8 3% = T
1EH £ ;36~40 h B entGri7 FE R B9 A X} ¢34 &
IROR TP, 1X 5 36~40 h B enterocin Grl7 43 i
N B —H

242 MW RFAEMOCHEN AR BFERIK
A (entIP) FIWL AL 43 FE A (entPK centR ) [ AH X}
Srgy 1D WA R o8 NS S B RR e X ) D (]
50, fE pH 5.5 WRMMA ST, EHERE
Gr17 [ entIP 5& [ B9 A X 22385 N 8 h JF i 2 Ji 44
I, #E 20 h 3B (A 7E 36 h FFIRAT T T %, 20~
36 h I entIP % PH () M X 26 5k & 5 1A LT #F
- X R IAZE AR 7E 8 h B R 4h =42 ATP, 7E 20
h 5] ATP Y3 BE 3K B K, JF7E 20~36 h FR2ak T
w7, A 36 h FF 4R ATP W B R, 358 & T 8 h
WA B . IE 8 S, entlP 3 A 26 35 )
AR pH 5.5 2L, 7E 24 h iR SNE(H, b
IERWNE 5 1EH SE N entdP 55 X A AR 5 i
KB 8~40 h N pH 5.5 M2 Wit 251 F entlP %
DAL ) AF T 2 38 B 3 o IR A

6 ‘:lpHTO pHS.S‘
5 ez 7 % % }

EL
T
-

Relative expression of entIP
w
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Fig.5 Relative expression of entIP

fin ,ABC 128 R G R FEH (as—48E .as—48F |
as—48G .as—48H ) W AHXT e 35 f BT F e K
Je U AR A e AR AL AR B /N T entGrl7 en-
tIP entPK .entR FEH 45 RA T E . X T as—48E .
as—48F .as—48G F3EH [ 12~40 h I pH 5.5 (IR0
S F T A X eIk i W R TR A 4T as—
48H H£H ,16~24 h N pH 5.5 AR Mo £ 14 F H
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Fig.6  Relative expression of entPK Fig.7 Relative expression of entR
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Fig.8 Relative expression of ABC transport system related genes
(RO TN T = o - L R A A 5 B T R R OB, X2 entte-
rocin Gr17 & J8USZ i P AE A SRRV 2R 498 41 428 1) 2 0L
3 itit54 B, pH 5.5 BYRRIN A 2500 2 BKTE Grl7 1)

AWFGE R, pH 5.5 [F R M id 2514 1 2% i Bk PR B /N T 1B A5 iR F 7= A 4 %
Gr17 o 5 CHT A K enterocin Gr17, NiEETE SR 2 enterocin Grl7 W= EMHENZMHT
PR Jip il 45 R, 38 A6 1B 4F T enterocin Grl7 T, ML, 6 pH 5.5 TR WA 25 F S IR SR
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T4 enterocin Gr17 15 & Bl Y AH G 5k R JE 17 F%
KRS, KB pH 5.5 BRI i8 £5 1 #58 1E W 4%
P8, 40T 2 45 X (eneGrl7) 1 A X 36 35 B A7
12~40 h S EHEIN, SR E M 2R3
H %5 S IRIE ] (entIP) W AH X K35 S 7E 8~40 h 1
EHAN  WH L (entPK entR) I AH XF 2 3k &
TE 12~40 h 2 & 380 ; ABC 5 i8 2 4 M ¢ 3k [N
(as—48E .as—48F .as—48G ) i i Xt 2% 35 i 1E 12~40
h B4/, ABC 5% 12 F 48 #H OC K A (as—48H ) 7E 16~
40 h 3G, bR g R R R 6 3 A 52 Ay
= BRI R G R A ER T Gr17 1R
W& A enterocin Grl7,

Tl PN A A SR N7 2R 4 A L A A ™ Al 2
BAF VAN R 0 2 BRER] 43 LU R L . 1) FLIRR A
BIATIRAE 550, SRJE B BN s A i
SR AIPATP TG L H AT 43 Wb B M Ah | w5 A B
ABC %32 7 48 s H & I 8 8 1252) 4 A K
RO, PR RS T A i AN 9 4E S 4
AIP KRR, K2 B ;3) AIP S0 AL T 40 18 40
JIL I A XU 43 2R 4820, 3 o g R Ak 1 O X b
PUBEAR B f5 5 15 8 25 T U SE IR, O I8 4 A
HRIL Rk, A RS, RT—qPCR {56 45 S 2 0,
SR W38 5 1EH AR i 2R IR ER B Ge17 A LE, A
P T IR EE K (entGri7) 5% S /K- F e 16 1wy | 55 1R 1
WA ZE A ERE Gr17 B R G A AIP; ABC ¥iz &
GEAFILH (as—48E .as—48F .as—48G .as—48H ) il
K H D (entPK entR) AR X 2235 1 Bl I 1
=, SR ABC 55328 72 48 A0 5C HE IR 1) & SR K7 1 3
I /N TR o3 B K ARG i, — 7 T AT R
TN EK A Gr17 MR H & 5 8 & H %15 AP,
I3 — 77 T R T 33X S8 B 1 00 P A7 a5 1) 2 2 TR
AT HE IR, AN pH A T AE 2 5 R
PR R A L I il e el R O R RSN TS
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Effects of Acid Stress Conditions on Bacteriocin Synthesis by Metabolism

of Enterococcus faecalis Grl7

Liu Guorong, Nie Rong, Duan Jiaojiao, Wang Chengtao
(Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing Engineering and Technology
Research Center of Food Additives, Beijing Technology and Business University, Betjing 100048)

Abstract Objective: Enterococcus faecalis Grl7 is isolated from Chinese traditional fermented sour fish. It can be me-
tabolized into a new broad-spectrum Ila bacteriocin enterocin Grl7, which has great application potential as a functional
strain of fermented food. However, when the strain is used in the actual fermentation environment, it will inevitably face
various stress conditions. Acid stress is one of the main stress factors. The purpose of this research was to investigate the
effects of different acid stress conditions on the growth and bacteriocin biosynthesis of Grl7. Methods: On the basis of
screening the acid stress parameters which could positively affect bacteriocin biosynthesis, the expression level of genes
related to bacteriocin biosynthesis under the condition was determined and the influence mechanism was preliminarily an-
alyzed. Results: The results showed that the cell density of Grl7 decreased with the decrease of pH value at the condi-
tion of pH 4.5~6.5 compared with the normal growth condition of pH 7.0. Under the condition of pH 5.0~6.5, the se-
cretion and synthesis of bacteriocin was increased. Acid stress at pH 5.5 could significantly increase the secretion and
synthesis of bacteriocin. Under these conditions, there was no significant change in the gene expression of ABC transport
system associated with bacteriocin biosynthesis in as—48E, as—48F, as—48G and as—48H within 48 h of treatment. The
expression of self—induced peptide gene entIP in quorum sensing regulation system increased significantly at 8 h. The ex-
pression of two—component genes entPK, entR and bacteriocin coding gene entGrl7 increased obviously at 12 h. Conclu-
sion; Based on the above results, it is speculated that acid stress at pH 5.5 could promote the secretion and expression
of self—induced peptides, positively regulate quorum sensing system, thus increasing the synthesis of bacteriocin. The re-
sults of this study have important scientific and practical significance for revealing the regulation behavior of bacteriocin
synthesis in the actual fermentation environment at the molecular level, and maximizing the application value of bacteri-
ocin producing lactic acid bacteria in fermentation production.

Keywords acid stress; bacteriocin; Enterococcus faecalis; biosynthesis



