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Research Progress of Inhibiting Intestinal Pathogenic Bacteria

Based on Quorum Sensing
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Chemical Science and Engineering, Tianjin University, Tianjin 300072, China)

Abstract QS (quorum sensing) is a communication process between microbial cells that relies on the pro-
duction, release and recognition of Als (autoinducers), and plays an important role in the growth of microbes. In the
intestinal environment, enteric pathogenic bacteria such as Salmonella typhimurium, Vibrio cholerae, Clostridium
difficile, Escherichia coli and other intestinal pathogenic bacteria infect the host body and affect the normal im-
munometabolic process of the host body, triggering acute gastroenteritis, dysentery and other diseases. Traditional
treatment regimens in which antibiotics cope with intercurrent infections caused by enteropathogenic bacteria have
developed, but the misuse of antibiotics can lead to multi drug resistance in bacteria, which migrate and mutate
at the genetic level. In recent years, more and more studies have shown that the QS system can be manipulated to
regulate the formation of bacterial biofilm, the production of virulence factors, and the inhibition of drug resistance.
This paper begins with a summary of the working paths of several typical bacterial QS systems; and several QS

therapeutic strategies for common enteropathogenic bacteria are reviewed in the hope of providing some references
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for the development of novel treatment options and related enteropathogenic inhibitors for intestinal diseases.

Keywords

A0 B E I BT I R T A SR A
B IRV V) A e Ab, SEAFAE A B R S B AL
HAIAZ I, X PE B A I I R PR 9 B AR SN (quio-
rum sensing, QS)M. QSJ& /7 1E T4l [ 111815 R4,
T AR A B 175 357 (autoinducers, Als)FI{5 57015
AR N 32 AR 45 B, 321045 15 200 T T LR ol 28
JEE AT JEL I N 1t AE P T 0 L P U0 15 R PR g ik
I 5 240 P A 2 380, ATSPE A 558 HR AR 3R 2 UE
WG, BeAMEQSZ Ak R A I 45 &, B0k 54l
il A5 S R DAL R 2k, I A TV 2 AR AR I R
AP LN SR A AR R B AR AR
MR, BrAERERY. RGO

N AR 38 T B 1 2 50 2 FERUCE A G, 3
W W R RRI KW, A waEd A
WS RAE T P U0 o N AR i T EUR B LRV T
R (Salmonella). ZFHif5 i (Listeria). B KE
(Shigella). B KW B (Escherichia coli). MRAE
W& (Clostridium difficile)% , 2 A6 T piE L K4
Farb, i QS ARGt R R b g i E M, 51
J A A S e T, SN SEI B R 4ATE
PERRYS « WIS KA o il 2l A B A SUBAT B
(Bifidobacterium). FLIZ W (Lactobacillus). w47
FIFF TR (Probiotic Bacillus)%& 41 DA <3 I8 73 b BR
HHE (SlgA), $m1E 1 5y ST BT KF, $0H] i
TE JORESF . il B IS QS R G AN I Ak —15
WAL 5 18 AT (5 BT, 40w b A (]
BEFT RIS, AHBE AT 3 2 [ 1S B AR 2 BT, %
i) NAR B IE 8 LA D fe, 2R 51 R AR

¥ T B0 T R AE A EA ARG A6 T U TR A%
DrEMRHEE R, 2 Mg T I G 5 I I RORE H 2 ik
RPBIRIGIT 77 T ME R . 8 R B AR R AOR g e T
JI7 T A0 TR PSR ) ) S, R A R 2 e A i
FSCZH TR 24 418 (0 ) R, LTS 245 1 o A ot P R o [ 7K
R AL TS DL S E R R ) R AR AR 1413,
DA PR SR AE AR 504 B AR 1R 9T SR A IR G T THT 52 B %
R FP) PR 18T T A 2 o 0 o) 4 T ) A
AN A 200 A7 240 i 6 11 7 8 A R AT | Bl R PR A 1
M AAE AT i 2 AL SRR T I AE R AR, 40
2 B A A P ) T RS PR ) B A 3R N A R A T e

quorum sensing; enteropathogenic bacteria; virulence factor; biofilm formation

TR 1) QS 28 Gt IR P2 4 1R 1) 55 0 IR 7 AR A A A
TR, DR A 0 0 K QS &R Gt , AT LU RAk 55
BOW W IR PE AR EREE T, 10 H 255 A BT 4T
AR R, BT QS RGEAE I T A 1E 7 S A
M 24 6 1R BB T, O AT ) QS 770 T D fi k44
FROTRS 24 12 ] AU R T 14 8L i

IEEER, B % T QS 2 Gt ML A W i
B, SRR R G825 il SR A R 42 AL A
Bl TR T . N 7k 2 K0 E I
—ATUIEAT S T, AR SO AR A AN R SRR A
FHTNFIQSRGN IR, BATH RN RS
EH L) P8 S0 B R AT, DA i T8
(K1v6 ¥ AN 3k T QS Ji T8 U W1 M il 77 10T A B ik —
RS % .

1 AFEHQSARS

ML N QSRGEZ M EZAE, HATHEFHIB N
HEREAE WK QSRARE T T RTEEAUT
JL2E: N-5 225 R N Bi§ 25 (N-acyl-homoserine lactone,
AHL)"™, BRI B E — 528 (autoinducer-2, AI-2)P),
%5 5 5 k35 (autoinducing peptide, AIP)21%%
1.1 AHLAT SHIQSARL

AHLZE QS A G H N LuxI/RERQS R4,
BT RIIVERE S, & B ATt a2
FIQSA%t. LA LuxI/LuxR AR A QS RSt &t /&
TEWFPERUAED) 3% IRINE (Vibrio fischeri) i I I
B 721, 7E AHLB QS R4+, AHLsIE & B 4
T A R - SR 7K ) v 22 2 IR P I 2 B 7K PR T
WEE 5 o AL T 19 5 00 6 Py A AN ] L3y
ANF R, 2% AN (Vibrio fischeri)™ ] 3-oxo-
CO6-HSLP i 24K ¥ j B8 (Pseudomonas aeruginosa)
) 3-0x0-C12-HSLAI C4-HSL?, il & R #T i (Aci-
netobacter baumannii)+ f] OHC12-HSLPY%& . #£ A4
I 200 T T S DAL e FEE AR 5121, 65 B AHL 231
SERISEARL, E T O B I R A R (acyl-ACP) ]
ANE], AFRAEE T LN — AHLA B & A R 26
T AHLS> ¥ . ORTORIZE VR I, ARZE 1% HR /R 7%
KB (Yersinia pseudotuberculosis) "' AHL A & Ytbl
A YpsTHE [ 7T 72 25 /0 24Fh 7 45 Cy-C s ) P 32
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JAHL. LuxR&EHEFIFTHTFOFEAESEE
1 (ABD3K,, N-3ii )Fl145 A DNA ] Helix-Turn-Helix3%,
(HTHIK, C-3i)o AHEETF luxt, ANFIAHEE luxR3E K Y
FRAE A 18%~25%, 1R 42 [RHI B, fuxR
FEE 5 ux DERARRE . 0 R AZ A Y S R AH kAT
FIAEYE B2 sl BRI, A A 55 luxR
BRI 22 AL BT ma R ASAH €5 () Lux ™ A i A U5
AHL{E 5, Al ma B AN AR ENME 5 70 7P

182 RN, Lux Ak S- I F R 2R (S-
adenosyl methionine, SAM) 147 B fif 1) acyl-ACPEf
AF 3 acyl-SAM, Bt J5 acyl-SAM N EEAL | it 2 HAR
HAMIV B AHLIE 570 T« AHLZE & 0T LuxR,
AHL-LuxRE A W2 AERR N ux HE ) e [m) 53 X Ik 2
420 bpIDNA F B, lux HEA T 1428 i DR e s e a or
MEURZ940 bphb . IRFIEER T, SOGERBHEIN T
luxICDABE®: 5% K~V EUK ; mifh % BT, AHLs#H
HERMEKRE G S LuxR4 4, AHL-LuxR & & 14K7E
luxHEAL 5 DNAZE G, JE5ERNAR GRER] G 311X
ok, MR WAL IR luxIABCDEW) ik, 5] 3% ICHN
ARG R (B )P,

AN T2 IRINEE 55 0] LA H £ & i AHLsFRI4H B
—LERGE H & A A AHLE 5 20 7 140 B a0 oK i+
B YT IR &5 1T DAFRIA SdiA B 15k 1R il FoAth 41 B
PR AHLAE 573 1 %, D428 il 48 B 1) 25 0 R 1
A AR P IETE

@
@ AHLs e ©o

LuxR protein

e LuxI protein

®  acyl-ACP
SAM

®  AHLLuR
/ complex luxR
e LuxI-SAM-ACP
complex

1.2 AI2T FHIQS R %

PR R PE R RN B 7 AHLAYE 5 70 T3 47
TESEHE WL — B8 1) AT-249r T AI2fE 5 701
H LuxS# i, Bt AI-2 R4 AR A LuxS & Gt Al-2
AR EEA 2RI Bl LuxPAN LstBS2 A&, S WI7ENS
ICIEA (Vibrio harveyi)Fl iR AG %€V 1T IREE (Salmonella
typhimurium) 15 2 RAE O FHECT RAEINE & ok
ILHY LuxP, LsrBILAAAE T K AT B BY. A A B A
YEHRIR B (Sinorhizobium meliloti)* . T2k H (Aggrega-
tibacter actinomycetemcomitans)*# . LuxSTEMIN &
Ji AT-2 45 F DBD[(4,8)-4,5- —$23k -2,3-1% i ],
DBD7E il N SR BT B LA Bl &5~V 185 7 207 E 1) S f 4k
JE:0. LuxPFl LstBH T-H1 AL-253 F45 A0 1 2 =
TRA A, FEES &R AR 2R, LuxP4S &
S-THMF-WIERRA[(2S,49)-2- F1 4E-2,3,3 4- DU FR HE T S0k
- R ], LsrB45 &' R-THMF[(2R,48)-2-F3£-2,3,3 4
VUL DU R 1%, fE 5 AI2E 50 T4i6 )G,
LuxP i 15 25 5 Jak e 2H 2 IR Il 2 1 (R0 3s i, g il
WS 55 S HIRINL, 117 LsrB Y LsrACD#%iz
EEPELER, WG Slsr RG AT,

AR FE WD T TR B LuxS-LsrBA F QS R 4t
NBI(E2). LuxSTENE A & EDBD, DBDFEA i
KM RATL-29r F, SE/KBIAT-2i8 1 5% 5 ([ TgsA
Bl ik 40 BB AR Y AR B A28 22 RAE IR
B, B LstK N R FBERR 16T . SR E, B IR 1b

RNA
[€ polymerase )]

lux box

SAMFlacyl-ACPTE LuxIfiE . T Btk 13 Flacyl-SAM, acyl-SAM P g4k I I 25 R AR 2R 2 R T A HLs . AHLs%5 5 I3 LuxR, 2 AHL-LuxR&
BV TEEAL 255 DNA, RNAR A B i 4L 215 3l 1 IX 35k, IERIB R UL R luxIABCDEW ik . MR 28 8T S: BERIFE SR N B 1 S0k

ke B AR R

SAM and acyl-ACP are acylated under LuxlI catalysis to obtain acyl-SAM, and acyl-SAM lactones and removes methionine to form AHLs. AHLs bind

and activate LuxR, then AHL LuxR complex will bind DNA at /ux frame, RNA polymerase will be oligomerized to the promoter region, and stimulate

the expression of downstream gene /ux/JABCDE. Dashed arrows: gene transcription translated as protein; solid arrows: reaction process flow.

E1l AHLNSHIQSARLEN(IRIESE CH27]1220)
Fig.1 AHL-mediated QS system model (modified from reference [27])
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[P AL-2(Pi-Al-2) 1] UL 5 5% 15 K 7 LsrR&5 4, BH W
LsrRX Isr 45 9\ T 19 [ 38 A FH I 805 LsrABCD ) %
izBY, LsrBZ 44 A1 AH ¢ I ABCH; 12 & 1 (LsrACD)
eI AL-2 N FEAL Ik T FE R A L AR AL-2. (E R HT
W, Pi-AL-28E LstGilE — 2 7 ¥ 4k 9 2 25 1 467 ¥ P-
HPD(3-¥% #£-2,4-1% — Ji-5-% % Iig) 5 P-TPO(3,4,4-
=5 -2 WH-5-1% BR) . ARJG, LstFEAL LRI
P-HPD | CoA ¥ % , 7= DHAP(BEZ — 2 I U i
B ) A1 2T 2 Co A (4H L 7E B I M A AT AR TR 1 24 554X
A AR R B SRR U A7)0,

AFEF 1T KB LsrBA2 44, & BLINE H i
AI2RI QS ARG NS QSRS . (EARAIEE T,
LuxPQZ KA F R AL, 51 LuxOBERE 1L , #ER 1L
() LuxO% i #5568 5P/ RNA(Qrr sSRNAs), F- 305
I 4 0 35 55 2 3% DR 7 Aph A RIS v 200 0 25 i e s TR
FHapRIJFIL . 1EmAREHE T, LuxPQ32 A E AlL-2
G55 5 ISR N R, 53 LuxO B RAL., 3k
/b Orr SRNAsEE R 1315 K F, TR IRAphA I RIZ,
WS HapR I 2202, #4799 EELINE
L P s R VagmA B BLE Tdh& ) DPO(3,5-— H
FE-MER-2-JE) S5 A, W% SRNA VgmR, VpmR AN A4
JELTE B R (vps T) R85 77 DR 772 AR 2 R (o) RO R R 0420
1.3 AIPTSHIQSES:

ANE T 22 IRIAPE B R QSIE 570 T 2 Mk,

° Al-2 o °
DBD P~
°
)
¢ Pi-AI-2 : °

/L
TqsA Membrane “Src
protein TqsA \ﬁ‘o
o Pi-Al-2-LsrB
complex

-

@ ——> P-TPO <---» P-HPD —> DHAP + acetyl-CoA

22 RPH I T — R PR SERR 0 73 T A7 AR S
L, $iFON B % S K (autoinducing peptide, AIP). Ak
FRAEAN T QS — M AT 73 A 2R R A (K13) . — R
Hor R G0 . W4 MK 4 v (5 %) BRI (Staphylococcus
aureus)¥agrfiQS R 4t, AgrDA LAIPsHIHTIE, i
T AgrBIN L #is i 2 AR 8, AIPsia 2 {H
W JG = H AR 2 1k AgrCRBIE 5 3 7 5
MO 12 5 3 ATPs 2 B0 M B 75 R 1
AgrA, 512 AgrA BRI, (i ik agrd BCD¥EH\ ¥ Fik
R AT QS Rl A IERIA . AgrCTEAN ML AP At 5
Lgm 7 AR QSAT N ™. W 73 REGILAFAET
Jiti 9% BE BK B (Streptococcus pneumoniae)ilcom 3 45 Fl
N EREE (Enterococcus faecalis)If] fsr R4, —
FERRNPP &Gt ] LE A [P o R B 52 4 2
HIM A 44, W Rap(hi 5 2 F M- &, Bacillus subtilis).
Rgg(BE BRI , Streptococcus)~ NprR(EIR 2 A5
Bacillus cereus)~ PIcR(B. cereus)F1PrgX(FEHEKAE, E.
Jaecalis), {ERRNPPZZGiH, AIPHTA HH /N F 783
BEAE (small open reading frame, sORF)#mfd, 2814 Sec
WA 43I 24t (Rap PlaR. NprR)FIPptAB-Eep¥%
B A4 (PrgX Regg) N T3 . ATPAE S
REBEIREG, 2B EE 59 (Opp)FA,
W 52 AR B RO, TRV 4 R R AT T R )
FH ORI AL F) 3 590,

X Isomerisation
- @
IsrC- IsrD llsrG »

| Unblock

LsrF

CoASH

LuxS& DBDI ML RAT-2, AI- 24 TqsAiS i 2 Ml oh . AT-27F fu /AR S ik B U IR B S, LerKE R 1L AT-2 APi-AL-2, Pi-AL-245 & LstR, iRtk
LsrRX Isri 1A BEE I LstABCDAf AL 2616 . £ KIBATIA T, LsrGilE— B ALPi-AL-2 5344 4k HP-HPDRIP-TPO, LsrF {4 P-HPD;™2E
DHAPHI ZECoA . HE 2 ke FE AL IR ok (5 SRR Bk I RO AR IR o

LuxS synthesizes DBD and isomerizes to AI-2, which is transported by TqsA to the extracellular. After AI-2 accumulates in the extracellular area to a
threshold concentration, LsrK phosphorylates AI-2 to Pi-Al-2, and Pi-AI-2 binds to LsrR, releases LsrR’s repression of the Isr operon and promotes the
transport of AI-2 by LsrABCD. In E. coli, LsrG further catalyzes the isomerization of Pi-AI-2 into P-HPD and P-TPO, and LstF catalyzes P-HPD to
produce DHAP and acetyl CoA. Dashed arrows: gene transcription translated as protein; solid arrows: reaction process flow.

E2 A2 FHIQSARGRA(IRHESE THK3911£20)
Fig.2 AI-2 mediated QS system model (modified from reference [39])
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Two-component system ; RRNPP system
A A A
- HAgrC =
A AP
propeptide DN Opp

owr /

Rap, PlaR, NprR,
PrgX, Rgg

A AIP

WALY Z G0, AgrDE BRATPHI 1 FF B AgrBIN Tig ki 2 Hu s 2, MLAM I ATPHR AgrCIUn JF 4% 3, AgrA BN 5148 B B AL, {2itkagrABCD
7 ANQS T il 3 [ (1) % 75 ; RRNPP R 4t Y, sORF4i i ATP R 44, F i i Secti i1 73 4 & 48 (Rap- PlaR. NprR)FPptAB-Eep# iz & 4i(PrgX.
Reg) I THATF 53 6, AIPYE RIS R 2 BB L), 2 0pp# FHZ 1628 (A (Raps PlaR. NprR. PrgX. Reg)UUiHowm, e FirkE &L,
LR S ZE R R R N A SR S RV IR R .

In the two-component system, AgrD synthesizes AIP precursor and is processed and transported by AgrB to accumulate outside the cell. The extracel-
lular AIP is recognized and transduced by AgrC. AgrA is activated to cause autophosphorylation and promote the expression of agr4dBCD operon and
QS downstream genes. In the RRNPP system, sORF encodes the precursor of AIP, which is processed and secreted through the Sec-dependent secretion
system (Rap, PlaR, NprR) and the PptAB-Eep transport system (PrgX, Rgg). After AIP accumulates to the threshold concentration outside the cell, it is
recognized and activated by receptor proteins (Rap, PlaR, NprR, PrgX, Rgg) through Opp transduction to regulate the expression of downstream genes.
Dashed arrows: gene transcription translated as protein; solid arrows: reaction process flow.

E3 AP FHIQSRGIERX(RIES L LAk 45112250
Fig.3 AIP mediated QS system model (modified from reference [45])

1E 3% [ 761 % BRI (Staphylococcus epidermidis)
H, ORI T 3FRANE 1 agrfd QS F 4t (I~111), HoHH ATP
E 5, AgrBCDZ AR B A A YE, Hilli e,
XL ATP{E 5 3L REAM | HAB S AL 244, 201 ATP-11
A ATP-TIT#% H #11 AgrC-1, 1 AIP-I41 ] AgrC-TIA!
AgrC-TI11",
14 HthEAMQSHE S

AV TR T ERBCNTEMT T QST R
G A, B —EEONFE I QSE 51, AN
FAFEM QSRS . Wiy it K+ 1w 0157:H7
(enterohemorrhagic Escherichia coli, EHEC) ] LI &
EREMEYENE ST, HER S IR
AR A BT s 47 R S4B 5 L B (Pseudomonas
aeruginosa)F T AHLBUE 573 T4, ICfAAE e
fii{2% (pseudomonas quinolone signal, PQS)JE {5 545
+, Z 5 SEME BE H TR HEE
IR IR LA 3-F2 5L A B 5E FR IiE (3-hydroxymy-
ristate, 3-OH MAME)H13-$2 E AR B2 I (3-hydroxyp-

almitate, 3-OH PAME)35 IR [T BRAT A= 9 QS15 5
5T H phe B QS R G W), ZHAOZ POTE IR 2 f AT
W (Bacillus cereus)Ht, %5 H O 2516 I -2- A1
AR 77 R (C8-C15) ) DSFs(diffusion signal factors)#ll
61 ik "% (diketopiperazines, DKPs)Z: {5 54> 1,
AT AR5 40 TR A= P IS R T 1l o

2 BT QSRGANHIAEE & HI N A
TS 243 11 P £ H B A B 22 R 40 R e e 5 G 1) O
FE H 2 O N A BRI PR AL . QS R gl i HE
[ 5 J R P A T G, T QS R ALK NIR T iE
FOs B I 5| RS 8 IR B 70 SR 2 — B2 Rk
T2 T QS A RLX M , Xt 41l 5 UL F) i T B0 1
BOTFEVD TR . EALINE . SRR BUR TR
FAT B 45 SR R R AT ZR IR (R D) o
2.1 ETQSRGHFIRGEIDITRE
MAOIFED TR R T2 KRR, S EEE
P s TR P S BURTE AN B B R 5. V01T IR B E



SR MG S T30 A 411 1 o 38 08 1R (I 7

1841

QS R GUAITE =22 L H T BURPE, ARV B,
TR 871 o ig 3 455, BIRHA-
NUZEBIEE & 18 T 456 2K = B (pyrogallol, PG)AIl T4 I
b B (marbofloxacin, MAR)K 1 il B3, 75 FE VD 1] IR B,
qPCREZRPGHIMAR K 25 548 I T I AilA (MK R 75
K F)s invE (7 17 B SPI-15% 3 B0E N 1)~ sipB(F
AR ) arcA(HMARZE)EE R 1) I8 & 55 711 0859.3%
78.1%- 46.7%- 63.8%, @iL FIFHBEABEN . # 5
g HMHEZR SRR RGP 1T IR B I N AR A 4 A
W A7i% . MECHESSOZES I 78 K& 8, N2 2 1FRg3
BERRARWITREBS). B, BB
50 umol/LIXJRg3 R fompD(Zh I 1) prgK(SPI-1
SrEE ). sigB(\fRIEIE 5 H). AHLAQSH: Al
(sdiAFsrgE)FE R 1) 32 1K & 43 7 N55.3% 91.1%-
78.8%H1175.0%, 31T S0 1] IR TR 7E 1 3 48 i A 1)
FiBHZ 2B A S e

Y TR A E I QS Y% A HE IR FR AKX TN AR W T B
SR 0 FL G 2501 % B i 24 14 (multi-drug resistance,
MDR). SHENZE PRI, 0.01% K e- R = WA
T RAGFEVD 1T I TE 208 2 80% AW 1, FHAF
13 csgDBAC(curlitd & & i) IsrKCD(QSEEMN T)-
SUBCDST(HEEH H G ) cheAWRBZY(Eatk &
1S5 K ) RIE KT R % 2.0~8.31% , epxA P(i75 541
RS R T S B 1 TR D ) B R ) Rk KT
213.3~6.31f, KW e- MR BN N HFEE. QS.
HE B AE AP EAR DG IR R R, I 1A B B B e
B PRI SR T A A P R 1, 3 T H A 0 1T EG A 1
W . SEOSE P L FLIREK B K 10AT HWO 17725 1
ST 20T VD 1] IR BR AR, R I Fh 40 B 2= 7E
2 mg/mLIIRE T 2= T FE2) 60% 1A=V IE B fig
H M ASEE AN ARG R v T IR 1 2E P T A A
A MR AR A, T A T IR R R T
2.2 ETFQSAEGHIFIELLINE

2 R PE B E BLIKE (Vibrio cholerae) Gy 4E N
P JTE 5] R IR TS BYE EL, R QSRR 8 1R+
G RIS VIEI W RS0, DLY4ERFE LR
B 7E IR e g P IR S . B L SRS i FH 4R A
TR I LuxPQ+ CqsS. CqsR. VpsSTENQSZZ1k.
WATVEZS PSS E Hh O 5 CqsRZAR I BCAR S &
d-CACHESURF A BAE A, Hlid 5 CqsREG & 7
M) 2 LT 1) QS PR R IA M1 e A, (H HL A 1E
FH 224 HoAth 3 QSAE K , 145 2 FLINE nf BLE

T 5 EHiE T . MALKAZE SYR T, B BE AR 1
LR s (tryptophol acetate) A 41| 28 L L b 2L ) i
PITE R, I H.200 pmol/LE ZFR (4 liE v] T I hapR(4E
VIS R T )y hapA(MEIE TR ) ctxA(E
HLEE 23 A)SE QSHHRIE R RIE, B vpsT(F 77
R F T ) aphA(FE IR FEERET).
tcpHP(FF J15EIR ) tox T( 75 15 R Sl IR 1 ) 5
IRk . BHATTACHARYAZ: SR, 1
HHRIR (glycyrrhetinic acid, GRA), A& S8R (ursolic
acid, UA)FIHEARTR (betulinic acid, BA)Z% 35t =il
eE P g SLINE FEH, K200 pg/mLIGRA
UA. BAZ 51 A1) 5 1) 50 B P AIK 42 33.82%
21.92%- 13.98%, FHIEEPSH KEF TG 4. GRA
HTUA RS LUK 58 Sk 76 7 21 R B- N BRI R B A R AE
BA W] DL 5 56 0 B (PRS0 B R P AE = AEA -
&5 VpsT. LuxP. LuxQ. HapR%F QSHHICEE
HEAT 7 T A2, 458K, GRA. UAMIBAF %
5 QSZ T AB KA, 7= AN 5 K AH FLAE
30 S B wE A Y EE BLIRES A AE P T 1
FEE S IR FRIA R
2.3 ETQSEGHIFIRMERE

SR HMERR B (Clostridium difficile) )& T4 2% FFH M
B, P, YRR, 5 gl A OIS
FVE IS 45 7 96 o AHMEDZ5 POE AR MRS 1 o % 0L
agrl 24 agrBI M agrDIH 1%, 24 agrB13E Kk
I, AgrDIZEI N AR & | tedABRGEAERR B 5 2 & K
B A FE RSP0, 0 agrD 1 .35 K B agrB1/
agrDI &SRR I NS tedA . tedB- tedRI)FRIE
AP N . 2 AgrB1IATAgrD 1 X BEIR I, R X
W AT TR BORIZ B RE JJ PRI . YANGEE i
60U A YH68(Bifidobacterium breve) Jo4H il i
T (YH68-CFCS) Il SR HEAR B ATCC 9689(CD), CD
T TR (50 mL, CDL)#1 & 775 (90 mL, CDH)
YH68-CFCS 7 (¥ 20 B AE A 00 il A1 40 g et g 1k 22
AR 2. fECDHAIM T, QS3: PR ik 7K
SEREANE], B )G AT R R R R i e . 7R
CDLYHAE A, #8541 285 0 A5 4 T 1l 1 25 TR 1) 2R 3k
WA, w2 1A S EE N . YONGZE D1 78 & B,
R FLF B Lim2(Lactobacillus fermentum)f) 4 i
FEEUIAS 2 555 X AMEAR T A 7 AR B, (ELRZ I it P
AL-29)F 7K, Lim24H B $2 S 23 43 i 51k uxS(QS
B50TE ). 85K (1edA. tedB. tedE)#
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BT FEK19% 24% 39%- 19%, tedC(F 115 A
FHIEKFRIEKT BT 15%. 50K, Lim24i g4z
4 my 3 3k 4 1) QS AH 56 3k PR RN B ) = IR 30k R %
IRXE AR B 11 RS G
2.4 ETQSEFZINHIBRMEKBITHE
NN 7B R S A PN SR F N [
KIGHFF B AN, (2 LeRp ik M5 3L i K B, a0
HUw M KA (enteropathogenic Escherichia coli,
EPEC). /™8 1% K HF I (enterotoxigenic Esch-
erichia coli, ETEC). 1= 28 V£ K7 A1 i (enterinvasive
Escherichia coli, EIEC). it L4 K+ 1 (EHEC).
Fio % Bt P K AT i (enteroadhesive Escherichia coli,
EAEC), Al K AT 1 QS 5 4t 1 12 4 i 1 £ )
JELTE B RE 77 A0 B 7 IR -6 B, 3 T4 320 A o i
16 ERIZ RS B RO R 5 181, 5
B e M VS A S & . SHIVAPRASADAR)
RI, 4L FC(Vitamin C, VitC) LA & 4 #6041
Bl KW A . VitCHn 5 1 3 4 I RE(QS) A 4 2
B (exopoly saccharides, EPS)I1) 7= 4 DL & B T 3%
% (reactive oxygen species, ROS) = 2E Ty i ¥1 41 ity
I 5 350 40 B 40 M N AR ) 03 1 GE SRS AN B ) IS
M. BEAbh, VitCa T EBuxS(QSTE 5 70 T A )
SfimA(H B E ) esgA(curlild B & ). malACHE K
fifEBlE) bssSRUE ‘T 73 Wh B 1) HE PR 3238 /K- 73 ) T
B£27. 240 15, 2. offr, SUEAEVIRIE KEE 1T %,
TR 40 B 1 30 25 14 R AR A7 B 70, 988 K I R
F12 28 AR YL B8 71, YUANZECYRE 5T 7 4R 2% 5
IO TR AR o A B 1 L %, A o T R S
4-F5 552 Pi FL R (4-hydroxy-2-heptylquinoline nox-
ide, HQNO)FIAE T 2 55 M 4135 2 i) KT B8 10 A8
Koo KT B B A0 7= 4 3R] 38 5 AR 58 i B FH QS &R
S PQSI D e Kt — 2 4l KT i 1 A

3 GHRSRE

o 38 T A RN A i BEAT 5 5 D) 220, I HLIiE
BOw 5 B R K R AE AR IR B AR . R4
PUE IR P 2 I8 L 40 81 S0 P ) A BB A 2
T T AR I e B RN HAF IR BE T, X =
BN H L 24 1 DL R i 24 P R 38R K EIERS .
DRI BE I 5 B30 BT 5 1) B3 O BB L I 25 M T
HE EHR, BORME T UL, HHEQS RS
A A 1 4 R 25 77 R T PR 245 1 5 T A A A

Pl o AR IS5 4 7 AN J BT [ Aot (A N A 358 2 T]
RISS UL, BTN A B A 2 8] 4 R i 2 TR
TS Ao DRI AT (1 BH QS 2 Gt i1 U7 i AMY
TR 240 R ) A N i DA AR R, DT 9k 55 24 R )
{RARBE 1, I TT LA R ) A= W 5T 1 51 A PR i 24
PE, QS 35 1 R 7 17 A2, Ik /b BUW 1 X i
FHUARR RS . ASCHE el g T H i IE 206 #
HILRIQSTHE R AZ, R JE X FAKH) 2 A JE TQSTA
Bl Al i T SO A 1 SRS REAT T 2RI, DU
B BN A P R AR 2 N 245 PR 1 VR T 7 TH Y
JR PR, A 2k QS YA 55 ¥ i T8 U I 77, i
e RS S M A i T S0 R B0 PR 254,
N 2 4 ) L
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